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Diversity and Abundance of Pest Insects Associated with Capsicum chinense Jacq., 1776 (Solanales: Solanaceae) in the Locality of Bini (Ngaoundere-Cameroon) 


.ABSTRACT 

	The exotic Capsicum chinense Jacq., 1776 (Solanaceae) is damaged in farms by insects in Ngaoundere (Cameroon). During ecological survey (from April 25 to August 25, 2024) in 44 neighboring plots of 4x3.5 m each, plants were inspected and adult insects found on stems, leaves, flowers and fruits were counted and captured using either a mouth aspirator or fine forceps for small sized non-flying specimens, or a dip net or butterfly net for large sized flying specimens. Four daily-checks spaced by a five-minute break, were carried out one day per week, four weeks per month and four months from April to July 2024. =Captured specimens were stored in vials containing 70° alcohol, identified to species level in laboratory and the community structure was characterized. A total of 48,298 specimens belonged to seven orders, 12 families, 14 genera and 14 species. Hemiptera was the most recorded (45.1% of the total collection) followed by Thysanoptera (43.5%), Orthoptera (7.6%), Coleoptera (2.1%), Hymenoptera (1.3%), Lepidoptera (0.2%), and Mantodea (0.2%). Aleyrodidae (Hemiptera) and Thripidae (Thysanoptyera) were mostly recorded. Aleurotrachelus trachoides (Aleyrodidae) was the most recorded (44.7%) followed by Heliothrips haemorrhoidalis (Thripidae) (43.5%), Tagasta marginella (Pyrgomorphidae) (5.8%), and Xenocatantops humilis (Acrididae) (1.3%), other species being rare. Three rare species were natives: Apis mellifera (Apidae), Bagrada hilaris (Pentatomidae), and the pest Lagria villosa (Tenebrionidae). Eleven species (78.6% of the total species richness, 98.3% of the total collection) were exotics. Three useful species were recorded: two pollinator Apidae Amegilla sp. and Ap. mellifera and the eggs-predator Carabidae Laemostenus complanatus. Five exotics were pests: Al. trachoides,Grapholita (Aspila) funebrana (Tortricidae), Gryllus campestris (Gryllidae),H. haemorrhoidalis, and Luprops tristis (Tenebrionidae), A lowspecies richness with a median level of species diversity, median evenness and dominance were detected. Three exotics Al. trachoides, H. haemorrhoidalis, and T. marginella were abundant and co-dominants. Assemblage functioned like a pioneer community and C. chinense appeared to attract naturalized exotic pests. Due to the dominance of non-natives, once they would monopolize available resources and saturate the localities, they would not allow natives the niche opportunities to re-establish themselves. The consequences of loosing natives, which may well interact with the endemic flora and fauna, will be of extreme concern.
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1. INTRODUCTION
Chili pepper fruits (Capsicum spp. L., 1753) are flowering annual plants belonging to the Solanaceae family and Solanales order, with more than 90 genera and more than 2500 species, including the commercially important species such as tomato Solanum lycopersicum L., 1753, potato So. tuberosum L., 1753, eggplant So. melongena L., 1753 and varieties. Chilli peppers are originated in tropical South America (Greenleaf, 1986), secondary spread throughout the world including Africa, Europe, Latin America, Southeast Asia (Tripodi & Kumar, 2019) and nowadays worldwide grown for roots, leaves, and fruits used in food as vegetables or condiments or a spice to add flavor in food since fruits are highly rich in minerals and vitamins A C, B2 and therefore highly valued in human nutrition (Kouassi & Koffi-Nevry, 2012; Zou et al., 2015; Rodrigues et al., 2016; Zaki et al., 2018; Romero-Luna et al., 2023; da Silva Anthero et al., 2025). They present antioxidant, anti-inflammatory, antimicrobial agent, and anticancer properties due to their rich content of bioactive compounds like capsaicinoids, phenolics, and carotenoids (Zimmer et al., 2012; Hamed et al., 2019; Akhtar et al., 2021; da Silva Anthero et al., 2025) and plays a role in pain management. They are also used in traditional medicine (Koffi-Nevry et al., 2012; Dagnoko et al., 2013; FAO, 2016) as well as pharmaceutical ingredient or cosmetics, and sprays for riot control and self-defence (da Silva Anthero et al., 2025). They have an insecticidal role and contribute to improving crop yields (Dagnoko et al., 2013; Barry et al., 2022; da Silva Anthero et al., 2025). The five commercially cultivated peppers are Capsicum annuum L., 1753, C. baccatum L., 1767, C. chinense Jacq., 1776, C. frutescens L., 1753, and C. pubescens Ruiz and Pav., 1799 (Basu & AK de, 2003; Barboza, 2011). The “habanero” pepper Capsicum chinense Jacq., 1776, native to Mexico, is cultivated for thousands of years for its use in cooking in the Yucatan and the Caribbean to add a significant amount of heat to food (Kadam et al., 2015; Aviles-Baeza et al., 2021) for its particularly hot fruit, also known as the West Indian chilli, originally called “Javanero” from the island of Java, and later called “habanero” from Havana due to the pronunciation error in Spanish language. 
Capsicum chinense Jacq., 1776 and C. frutescens L., 1753 production remains insufficient in Africa to meet the ever-increasing demand in cities and rural areas although it is a spice highly prized by the population and that generates huge financial income for producers and contributes to poverty reduction (Dagnoko et al., 2013; Aviles-Baeza et al., 2021; Zulipah & Aziz, 2024). From 1994 to 2023, the global world production of green chili has been increasing, being estimated in 1994 at about 12,976,807.63 tons for 1,235,224 ha of harvested area, 19,448,038.5 tons for 1,591,012 ha in 2000, 29,715,006.06 tons for 1,873,860 ha in 2010, 36,279,306.09 for 2,080,739 ha in 2020 and 38,310,350.67 tons for 2,065,408 ha in 2023 (FAOSTAT, 2025). Asia was the first main producing region with 18,061,705.2 tones (65.5% of the global world production), followed by the Americas in the second position with about 3,654,607.69 tones (13.3%), Europe occupied the third position with 3,021,820.07 tones (11.0%). Africa occupied the fourth position with 2,777,990.13 tones (10.1%) and Oceania was at the fifth position with 52,711.55 tones (0.2%) (FAOSTAT, 2025). From 1994 to 2023, the top 10 producing countries in the world were in decreasing order China mainland (average production of about 13,059,852.83 tones), followed by Mexico (2,110,868.67 tones), Turkey (1,978,321.47 tones), Indonesia (1,529,791.71 tones), Spain (1,079,265.17 tones), United States of America (805,197.4 tones), Nigeria (725,892.24 tones), Egypt (596,000.21 tones), Algeria (360,229.66 tones), and the kingdom of Netherlands (335,290 tones) (FAOSTAT, 2025). In Africa, the Central zone occupied the 4th position (29,958.26 tones in 13,276 ha in 2010, 54,640.97 tones in 25,885 ha in 2020, and 55,086.6 tones in 26,174 ha in 2023). The 2023 classification showed Egypt at the 1st position (1,065,143.26 tones for 57,683 ha), Nigeria at the 2nd position (773,962.09 tones for 104,538 ha), Niger at the fourth position (279,574 tones for 13,706 ha), Morocco at the 6th position (226,067 tones for 5,103 ha), Ghana at the 7th position (120,664.72 for 13,764 ha), and Cameroon at the 9th position (55,024.25 tones for 26,145 ha) (FAOSTAT, 2025). The vast majority of chili peppers produced in Africa is sold in local, regional and international markets. Then in Sub-Sahara African countries, the production of Chili pepper is low compared to the situation in developing countries although the adaptability of this crop to a wide range of environmental conditions. The overall production is insufficient to meet the ever-increasing demand in the cities (FAOSTAT, 2025). Considering the limitation of seasonal availability, preservation techniques have been adopted to enhance availability with little success. It was the case in Benin (Glodjinon et al., 2019) and in Cameroon (Mugob Bonyesih et al., 2018). Causes of the low productions are not fully known but available information from African countries and clearly summarized by Mohammadou et al. (2023) as the influence of abiotic and biotic stresses and socio-economic constraints including the sex and education level of farmers, the lack of improved varieties, insufficient use of fertilizers and low soil fertility, inexperience of farmers, poor access to extension, poor access to credit services, harvesting time, soil conservation, nature of access to land, farmland shortage, access to market, access to irrigation schemes, inadequate phytosanitary control including disease and insect pests, drought, unsuitability of agricultural policies, low soil fertility, the use of infested planting material, high disease and pest infection rates, losses during storage including losses in quality, inappropriate agronomic practices and storage pests (Basha et al., 2017; Ngameni Tchamadeu et al., 2017; Mengui et al., 2019; Horn. & Shimelis, 2020; Goac et al., 2021). Among the biotitic stresses the harmful action of insects that feed and/or lodges in the tissues of stems and fruits or that suck plant sap, or that nibble and pierce the foliage surface, reduce the photosynthetic potential of the plants and consequently cause the drop in vegetable quality and seed yield. Based on the literature reviewed by Mohammadou et al. (2023) many animal organisms such as bacteria and predators can protect plants against pests (Afouda et al., 2012; Mishra et al., 2021) while several useful Apidae and Halictidae facilitate the plant pollination (Taïmanga et al., 2018; Zra et al., 2020; Dingha et al., 2021; Pharaon Mbianda et al., 2025). In market garden crops, it is known that the beneficial activity of pollinators is counterbalanced by that of harmful phytophagous, borers and sap-sucking insects (Srinivasa Raoa et al., 2018; Ba et al., 2019). Chili pepper plant organs are target of several attacks such as micro organisms (fungi, viruses and bacteria) and metazoan organisms (phytophagous and xylophagous agents). Several animal species use them either as a nesting site (e.g. insects that drill stems and tubers such as larvae of beetles, wasps that can build their nests at the bottom of the leaves), or as a feeding site and thus as a foraging site (termites that rob the plant from the roots, nectarivorous insects including adults of ants and butterflies who feed on sweet liquids secreted by the plant), or both as nesting and feeding site (cases of Hemipterans such as aphids and mealy bugs that pump the plant's sap to exploit proteins and a little sugar and discard the remaining enriched sugar called honeydew (Obodji  et al., 2016; Mohammadou et al. (2023). When insects feed on plant organs, the saliva injected during food intake can be toxic to the plant as it is the case with trips (Srinivasa Raoa et al., 2018; Ba et al., 2019; Bharti et al., 2024). Then these insects directly damage the plants and indirectly cause the drastic decrease that affect productivity of the attacked plants (Johnson & Omland, 2004; Babar et al., 2019). The lack of yielding amendment and high quality of seed and absence of resistance to pests and diseases, are known as major problems for the vegetables cultivation in Cameroon (Mohammadou et al., 2023). More than 70% of agricultural production would suffer colossal on-farm and post-harvest losses without proactive and preventive measures as it is the case in cowpea (Kalpna  et al., 2022; Mohammadou et al.; 2023). Although chili pepper is widely cultivated in Cameroon, no published data exist on the diversity of associated insects. Nevertheless, the control of pest insects is one of the major constraints to be overcome in cultivated plots. In the northern savannah region of Cameroon, especially in the rural area of Ngaoundere (Cameroon), market gardening activities are on the rise, but practiced by young farmers, little educated, unassisted and each having a fairly low income. Despite the diversified flora and a flourishing market gardening activity, there is no information concerning the community composition and structure of insects associated with chili pepper plants. The purpose of this study is to identify insect pests active on Capsicum chinense aerial plant organs, likely to damage or protect plants grown in the region and thus those which influence the quality and/or quantity of agricultural yields. These works should make it possible to characterize the insect community structure in the field condition in Ngaoundere (Cameroon). 

2. material and methods 
2.1. Study Site
The study was conducted from April 25 to August 25, 2024, during the rainy season in the Bini locality (7°24'15.70"N, 13°32'50.59"E, and 1069 m a.s.l., altitude 2.07 km) in Adamawa region (Ngaoundere-Cameroon). Experimental plots were delimited in the green space of Manwi, located approximately 60 m from the Vina River and 500 m from the national road N1, due to the collaboration of the landowner and the availability of cultivable space (Figure 1). Bini locality is in the third suburb district of Ngaoundere, in the high Guinean wooded tropical savannah (Onana, 2018) and correspond to the sudano-Sahelian agro-ecological zone, with a semi-arid and a unimodal rainfall (Yaouba & Bitondo, 2022; Climate-Data.org, 2025). The prevailing climate is Sudano-Guinean with two seasons clearly summarized by Mohammadou et al., (2023): a rainy season (from April to October of the same year) and a dry season (from November to March of the following year) (Kottek et al., 2006). The average annual temperature is 22.9°C and the precipitation is about 2,248 mm per year. The lowest relative humidity is in February (21.7%), and the average annual hygrometry is 70% (Amougou et al., 2015; Yaouba & Bitondo, 2022; Climate-Data.org, 2025). The most frequently observed plants were Arachis hypogea L., 1753 (Fabales: Fabaceae), Abelmoschus esculentus (L.) Moench, 1794 (Malvales: Malvaceae), Cosmos sulphureus Cav., 1791 (Asterales: Asteraceae), Helianthus annuus L., 1753 (Asterales: Asteraceae), Ipomea batatas (L.) Lam., 1793 (Solanales: Convolvulaceae), Phaseolus vulgaris L., 1753 (Fabales: Fabaceae), Tithonia diversifolia (Hemsley) Gray, 1883 (Asterales: Asteraceae), and Zea mays L., 1753 (Cyperales: Poaceae). Cultivated areas were small family polyculture family farms.

2.2. Sample Design
The field experiment design was carried out on an area of 1,064 m² established according to the randomized complete block procedure with four replications, using 44 neighboring plots of 4x3.5 m each, spaced from each other by 1 m. Abanero variety seeds of Capsicum chinense Jacq., 1776 (Solanales: Solanaceae) came from the phytosanitary shop of the small market of Ngaoundere.
Two months before the first rains, the delimited plots were cleared and the soil was turned over to prepare them for the imminent cultivation. Vigorous seedlings were selected in the nursery and transplanted in rows in the experimental plots, at a rate of four rows per plot (i.e. 4x44 = 176 rows). Each row was made up of eight bunches at a rate of one plant per bunch (i.e. 176 bunches). In each plot, two neighboring rows were separated by 80 cm. In each row, two neighboring bunches were separated by 50 cm. From transplanting to the appearance of the first flowers, weeding was regularly carried out using a hoe. From flowering to fruit ripening, weeding was carried out by hand. From the day of transplanting the seedlings until the fruiting phase of the plants, watering was carried out only during non-rainy days, to avoid stressing the plants due to water deficiency. Fertilizers were not used in the experimental plots. Two weeks after transplanting, insects were captured during entomological surveys on aerial plant organs. Entomological surveys were organized from 6:00 a.m. to 10:30 a.m. on 32 randomly selected plants per plot. Four checks each day, spaced by a five-minute break, were carried out one day per week, four weeks per month and for four months (April to July 2024). Plants were inspected and adult insects found on stems, leaves, flowers and fruits were counted and captured using either a mouth aspirator or fine forceps for small sized non-flying specimens, or a dip net or butterfly net for large sized flying specimens. The collected insects were preserved in labeled tubes or bottles containing 70% alcohol. Adults of butterflies were kept in labeled papillotes (A4-sized folded paper devices to keep the wings intact). The caterpillars found on the plants were collected alive with a sample of the host plant and incubated in the laboratory in labeled breeding basins covered with a fine mesh veil, sprayed daily with fine drops of tap water until the adults emerged. In the event of prolonged incubation, the plant organ was renewed every two days. The emerged adults were collected and preserved as previously described (70% alcohol bottles for insects other than butterflies and papillotes for Lepidoptera).



























Figure 1. Location of the study site in Bini locality (Ngaoundere suburb - Cameroon). A: Location of Adamawa region in Cameroon; B: Location of Bini locality in Ngaoundere (Cameroon); C: Location of the experimental plots in the Bini locality (adapted from Google Earth Pro version 7.3.6.10201)

2.3. Identification of Insect Specimens
Plants were identified in situ or photographed, and a sample of leaves, bark, flowers, and fruits allowed laboratory identification by botanist colleagues at the Faculty of Sciences of the University of Ngaoundere. Insects were identified to species level using a magnifying glass, identification keys and guides or catalogs (Delvare and Arbelenc, 1989; Borror and White, 1991; Nakahara et al., 2025), and to take into account recent modifications in species taxonomy, we consulted recent illustrated catalogs (Eardley et al., 2010; Gourmel, 2014; Bousquet et al., 2018; Cigliano et al., 2025; Gilligan et al., 2025; Lorenz, 2025; Ouvrard and Martin, 2025; Schoolmeesters, 2025; Sudan et al., 2025). Voucher specimens were deposited in the Laboratory of Applied Zoology, Department of Biological Sciences, Faculty of Science, University of Ngaoundere, 

2.4. Data Analysis
Abundance counts species data matrix was constructed for each experimental plot and stored in an excel spreadsheet version 2016. Percentages were calculated from the overall collection. Two percentages were compared using the Fisher’s exact-test and several percentages were simultaneously compared using the Fisher-Freeman-Halton test from StatXact software 3.1.
Abundance counts were presented in terms of mean ± standard error (se). Two mean values were compared using the Student t-test from SigmaStat software 2.0® (SPSS, Inc., Chicago, IL) when relevant and when normality and equal variance tests passed. Simultaneous comparison of several mean values was performed using the one-way Analysis of Variance test (ANOVA) from SigmaStat software 2.0® when normality and equal variance tests passed.
The structure of assemblages was described using alpha and beta diversity indexes. Alpha indexes were determined using PAST (Paleontological Statistics) software version 3:04 (Hammer et al., 2001). Species were first ranked in decreasing order of abundances with 1≤rank i≤S and alpha indexes were the abundance of the ith species ni, the sample size n as the sum of ni from i=1 to i=S, the maximum abundance n1 or nmax, the species richness S, the Margalef’s index Mg=(S-1)/ln(n), the richness ratio d=S/n with 0 for low species richness and 1 for maximal one, the abundance-base non-parametric estimator Chao1, the sampling effort SE=100(S/Chao1) with 0 for null effort and 100 for maximal one (Thukral, 2017), Shannon-Weaver H' as minus sum of piLog2(pi) from i=1 to i=S where pi=ni/n and 0≤H’≤H'max with 0 for no species diversity and H'max for the maximal one, maximum Shannon index H'max=ln(S), Simpson index D as minus sum of pi², Pielou’s evenness J=H’/H'max with 0 for uneven assemblage or unequal distribution of individuals amongst species and 1 for highly even or equally distribution of individuals amongst species, and Berger-Parker’s dominance index IBP=nmax/n as the average probability of the most abundant species. 
Adjustment quality of the species abundance distributions (SADs) to theoretical models was tested using Pearson correlation between logarithms of abundances and ranks i of species (r<-0.95 for poor quality; r≈-0.95 for approximate quality; r≈-0.98 for satisfactory quality; and r≥-0.99 for excellent quality) and the proportion of variance explained by the regression was assessed by the coefficient of determination r² expressed as a percentage. Five theoretical models were tested using the package “Vegan” from R 3.4.1 software. 
The first was Broken-Stick (BS) or niche partitioning model. Broken-Stick model presents a single parameter x (average abundance). The McArthur model (Broken-Stick) or model of contiguous, non-overlapping niches differs from other models by assuming that the global resource is shared not successively and according to the same rule, but all at once and randomly (MacArthur, 1957). The underlying process is then compared to the fragmentation of a "stick" of length 1 into segments S by (S-1) breakpoints, randomly positioned independently of each other. It is a model for certain species abundance distributions that involve only random sharing, without any active competition between species. The McArthur model ni=x(sum from 1 to S of 1/i), has a single parameter “x” which is the average abundance of S species (MacArthur, 1957; Wilson, 1991)
The second was the geometric series or Motomura’s log-linear (LL) nomocenosis model ni=10b(10a)i where a and b represents the slope and elevation respectively of the linear regression Log(ni)=f(i) of ln(ni)=f(i) with the Motomura’s environmental constant m=10a (rate of decrease in abundance of species by rank) if the decimal logarithm Log(ni) was used or ni=eb(ea)i with m=ea if the natural logarithm ln(ni) was used (any other logarithm base can be used while respecting its specificity and the convertibility from one base to another is possible). A high value of the slope a (absolute value close to one) suggests that few species co-dominate the assemblage, appropriating most of the trophic resource (Daget, 1976; Galante & Cartagena, 1999). The log-linear model depends on the top-ranking species n1 and the Motomura’s environment constant m with 0≤m≤1. The m parameter gives the rate of decrease in abundance by rank. Motomura's model (niche preemption or partitioning) is the niche distribution model interpreted according to two hypotheses: (1) the number of individuals is proportional to the fraction of resource monopolized by each species, i.e. each individual uses the same amount of resource; (2) the first species uses a fraction k of the total resource, the second uses a part of the resource equal to a proportion k of what remains, i.e. a fraction k(k-1), the third species uses a part k of the remaining resource, i.e. k(1-k)², and so on. The species of the ith rank therefore has a number of individuals proportional to (k)(1-k)(i-1), its logarithm being of the form Log(1−k)(i−1)+Log(k) which is a straight line with the slope of Log(1-k) (Daget, 1976; Ferreira & Petrere-Jr, 2008). The Motomura model depends on 2 parameters: n1 (maximum abundance of the 1st rank species) and Motomura's environmental constant m (Wilson, 1991). Then the interpretation of the model is based on a hypothetical form of sharing of biotope resources between the species present and in practice, this model is suitable for the analysis of communities in which interspecies relationships are elementary, with competition being essentially limited to the resource level, such as physical space. The theoretical Log-linear model suggests that the numbers of species are distributed according to the geometric progression (Motomura's law) and the parameter m with 0≤m≤1 gives the rate of decrease in abundance per rank (Iganaki, 1967).
The third was the Preston’s lognormal (LN) nomocenosis model ni=10b(10a)Pi based on the probit linear regression Log(ni)=f(Pi) of ln(ni)=f(Pi) were Pi represents the probit rank of the ith species, a and b represents the slope and elevation respectively of the linear regression Log(ni)=f(Pi) of ln(ni)=f(Pi)  and the Preston’s environmental constant m’ (rate of decrease in abundance of species by rank) is the square root of 1/σ  where σ represents the standard deviation of the lognormal distribution. For a species of rank i, the cumulative percentage linked to the rank ki was firstly determined using the relation ki=100(i+0.5)/(S+1) when S was odd or ki=100((i+1)+0.5)/(S+1) when S was even. The probit of ki was determined using the package “Ecotoxicology” from R 3.4.1 software. Parameters of LN model are n1, the mean of the lognormal distribution x, the standard deviation of the lognormal distribution σ and the Preston’s environmental constant m’ with 0≤m’≤1. Since nomocenosis models (LL and LN) are associations of species subject to the influence of the same factors and whose species profile is sufficiently close to be assimilated to the Log-linear or Log-normal model (Daget, 1976), we determined the parameters of the model on which the insect communities studied depended..
The fourth was Zipf (Z) model ni=Q(i)-γ where Q represents the scale parameter also called normalization constant, very often taken equal to the sample size and γ (gamma) is the decay coefficient or the average probability of occurrence of a species. The parameter γ (usually close to 1) implies that Log(ni)=f[Log(i)] is a straight line with negative slope -γ close to -1. Then Zipf's law is a model of the mean of ni or Log(ni) as a linear regression of Log(i) (Zipf, 1965; Li, 2002). Zipf model is based on the Zipf’s law (Li, 2002; Koplenig, 2015) with the γ (gamma) parameter as the decay coefficient or average probability of appearance of a species (Li, 2002),
The fifth was the Zipf-Mandelbrot (ZM) model ni=Q(i+β)-γ which is a generalized Z model in which β (beta) parameter (degree of niche diversification) is added (Bach et al., 1988). Zipf and ZM models characterize evolved ecosystems, and 1/γ represents the fractal dimension of the distribution of individuals among species (Bach et al., 1988). The Zipf-Mandelbroot model characterizes evolved ecosystems and depends on three parameters: S, β and γ. This model is easily developed starting from the equality « Q=n1(1+β)γ=sum from 1 to S of ni » that is solved by an iterative method by taking n1 as the maximum abundance of species and 1/γ as the fractal dimension of the distribution of individuals among species (Frontier, 1987; Bach et al., 1988). The nonlinear least squares algorithm (Marquardt, 1963; Le et al. (2012) summarized by Murthy (2014), was used to estimate the maximum values of β and γ, using x0=(2; 4)T as starting iteration point, ε=1x10-10 as tolerance value, and λ0=100 as damping factor. The iteration started with an estimated initial value x0 at k=0, a tolerance threshold ε, a damping factor λ with the initial value λ0=100. For a vector xi we calculated « Q=n1(1+β)γ » by determining the gradient f(xi) and the Hessian matrix “Hi”. At the kth iteration, f(xk) has been determined and we have solved the equation xk+1=xk–(H+λI)-1f(xi) and f(xk+1). When f(xk+1)<f(xk), we changed the value of the damping factor to λk+1=λk/2 and when f(xk+1)>f(xk) then we changed the value of the damping factor to λk+1=2λk. The iteration was stopped when the solution found the desired convergence criterion |f(xk)- f(xk-1)|<ε.
The best fitted model was selected using Akaike Information Criteria (AIC) procedure according to which the best theoretical adjustment model is the one with the lowest value of the Akaike information criterion (AIC) and when two close values of AIC are obtained then the best model becomes the one presenting the lowest value of the Bayesian information criterion (BIC) (Johnson & Omland, 2004). For each selected theoretical model, estimated sample size “n*” was adjusted to the observed one “n” using the correction factor c=n/n* and the corrected model was given as well as the above presented parameters.
Between species covariance was tested based on the presence-absence data using the Schluter’s variance ratio clairely explained by Ludwig and Reynolds (1988): VR=s²T/σ²T with s²T=(1/n)(sum from 1 to n of (Tj-t)²) as the variance in total species number, n = number of sample units, Tj= total species in each sample unit, t=(sum of Tj)/n, σ²T = sum from 1 to S of pj(1-pj), pj=Ti/n, Ti= total occurrence of the ith species in n sample units. VR=1 suggests and independent variation between species, VR<1 for negative covariance between species VR>1 for positive covariance between species (Schluter, 1984; Houlahan et al. 2007). A statistic W=n*VR was computed to test using khi-square test χ².05;n<W< χ².95;n whether deviations from 1 were significant (Ludwig & Reynolds, 1988). Between species correlations were tested using the Kendall’s tau coefficient from PAST software, the formula to be applied on ranked data sets, is clearly presented by Sokal and Rohlf (1995): selected series are first each ranked in ascending or descending order, respecting the ex-æquos when relevant, then ranks of one serie were sorted, and ranks of values of the second serie are compared to the first. When looking at the second serie, for each observation, the number of following values which are higher (we attribute +1 code) and lower (-1 code). A new serie obtained was balances between positive and negative code numbers. The total balance S of all code numbers is equal to n(n−1)/2 if the order is perfectly respected since it is the sum of the first n natural integers. If the order is perfectly reversed, S=−n(n−1)/2 and in the case of total independence, S=0. The value of S is then observed through the “Kendall tau”, as the observed balance in relation to the maximum balance: τ=2S/(n²-n) with -1≤τ≤+1, n = number of data pairs. Negative correlation (τ<0) suggested mutual intolerance while positive one (τ>0) suggested a mutual tolerance. 

3. results 
3.1. Inventory of Insect Species 
A total of 924 Entomological surveys allowed the collection of 48,298 specimens belonging to seven orders, 12 families, 14 genera and 14 species. Orders in decreasing order of relative abundance were Hemiptera Linnaeus, 1758 (45.1% of the total collection), Thysanoptera Haliday, 1836 (43.5%), Orthoptera Latreille, 1793 (7.6%), Coleoptera Linnaeus, 1758 (2.1%), Hymenoptera Linnaeus, 1758 (1.3%), Lepidoptera Linnaeus, 1758 (0.2%), and Mantodea Burmeister, 1838 (0.2%). Then Hemiptera and Thysanoptera were mostly collected while Lepidoptera and Thysanoptera were rare. Families in decreasing abundance hierarchy were Aleyrodidae Westwood, 1856 (Hemipytera) (44.7% of the total collection), Thripidae Stephens, 1829 (Thysanoptera) (43.5%), Pyrgomorphidae Brunner von Wattenwyl, 1874 (Orthoptera) (5.8%), Apidae Latreille, 1802 (Hymenoptera) (1.3%), Acrididae MacLeay, 1819 (Orthoptera) (1.3%), Tenebrionidae Latreille, 1802 (Coleoptera) (1.0%), Carabidae Latreille, 1802 (Coleoptera) (0.9%), Gryllidae Laicharting, 1781 (Orthoptera) (0.5%), Pentatomidae Leach, 1815 (Hemiptera) (0.4%), Acanthopidae Ehrmann, 2002 (Mantodea) (0.2%), Scarabaeidae Latreille, 1802 (Coleoptera) (0.2%), and Tortricidae Latreille, 1803 (Lepidoptera) (0.2%). Then Aleyrodidae and Thripidae were mostly recorded while nine families Acanthopidae, Acrididae, Apidae, Carabidae, Gryllidae, Pentatomidae, Scarabaeidae, Tenebrionidae, and Tortricidae were rare. The most recorded species was Aleurotrachelus trachoides (Back, 1912) (Aleyrodidae) (44.7%) followed by Heliothrips haemorrhoidalis (Bouché, 1833) (Thripidae) (43.5%), Tagasta marginella (Thunberg, 1815) (Pyrgomorphidae) (5.8%), and Xenocatantops humilis (Serville, 1838) (Acrididae) (1.3%), while other species were rare (Table 1). 
Table 1. Insect species composition, absolute and relative abundance variation in the recorded species. 
	Order 
	Family 
	Species
	n (%)

	Coleoptera
	Carabidae
	Laemostenus complanatus (Dejean, 1828)
	438 (0.9)

	
	Scarabaeidae
	Anomala orientalis (Waterhouse, 1875)
	90 (0.2)

	
	Tenebrionidae
	Lagria villosa (Fabricius, 1781)
	180 (0.4)

	
	
	Luprops tristis Fabricius, 1801
	288 (0.6)

	Hemiptera
	Aleyrodidae
	Aleurotrachelus trachoides (Back, 1912)
	21,593(44.7)

	
	Pentatomidae 
	Bagrada hilaris (Burmeister, 1835)
	188 (0.4)

	Hymenoptera
	Apidae 
	Amegilla sp, Friese, 1897 
	173 (0.4)

	
	
	Apis mellifera Linnaeus, 1758
	457 (0.9)

	Lepidoptera
	Tortricidae 
	Grapholita (Aspila) funebrana Treitschke, 1835
	113 (0.2)

	Mantodea
	Acanthopidae 
	Acontista concinna Perty, 1833
	89 (0.2)

	Orthoptera
	Acrididae 
	Xenocatantops humilis (Serville, 1838)
	638 (1.3)

	
	Gryllidae 
	Gryllus campestris Linnaeus, 1758
	252 (0.5)

	
	Pyrgomorphidae 
	Tagasta marginella (Thunberg, 1815) 
	2796 (5.8)

	Thysanoptera
	Thripidae 
	Heliothrips haemorrhoidalis (Bouché, 1833)
	21,003(43.5)

	
	
	TOTAL
	48,298(100.0)


n = absolute abundance, % = relative abundance in percentage

Three species were natives to the tropical Africa (21.4% of the total species richness): the useful pollinator Ap. mellifera (Apidae), Bagrada hilaris (Burmeister, 1835) (Pentatomidae), and the pest Lagria villosa (Fabricius, 1781) (Tenebrionidae) (Table 2). Amongst natives, B. hilaris was reported as also wide spread in Asia and L. vilosa was invasive pest. Two native pests (0.8%) were B. hilaris and L. vilosa (Table 2). Eleven species (78.6% of the total species richness, 47,473 specimens i.e. 98.3% of the total collection) were exotics.

Table 2. Range origin and the trophic guild of the recorded species
	Species
	origin
	Trophique guild

	Acontista concinna Perty, 1833
	Exotic (NET)
	Unknown pest status

	Anomala orientalis (Waterhouse, 1875)
	Exotic (JA)
	Unknown pest status

	Aleurotrachelus trachoides (Back, 1912)
	Exotic (NET)
	Phytophagous pest

	Amegilla sp, Friese, 1897 
	Exotic (WPA)
	Useful pollinator

	Apis mellifera Linnaeus, 1758
	Native (TAF)
	Useful pollinator

	Bagrada hilaris (Burmeister, 1835)
	Native (TAF)
	Phytophagous pest

	Grapholita (Aspila) funebrana Treitschke, 1835
	Exotic (PAL)
	Phytophagous pest

	Gryllus campestris Linnaeus, 1758
	Exotic (EU)
	Phytophagous pest

	Heliothrips haemorrhoidalis (Bouché, 1833)
	Exotic (SAM)
	Phytophagous pest

	Laemostenus complanatus (Dejean, 1828)
	Exotic (NA) 
	Eggs Predator

	Lagria villosa (Fabricius, 1781)
	Native (TAF)
	Invasive pest of plants

	Luprops tristis Fabricius, 1801
	Exotic (SI)
	Phytophagous pest

	Tagasta marginella (Thunberg, 1815) 
	Exotic (AS)
	Unknown pest status

	Xenocatantops humilis (Serville, 1838)
	Exotic (SA)
	Unknown pest status


AS: native to Asia; Eu: native to Europe; JA: native to oriental region (Japan); NA: native to north Africa; NET: native to the neotropical region (South America, Central America and reaches as far north as central Mexico); PAL: Palaearctic region; SA: native to the south Asia; SAM: native to the south America; SI: native to South India; TAF: Tropical Africa origin; WPA: native to the western Palaearctic (Europe, North Africa, northern and central parts of the Arabian Peninsula and part of temperate Asia).
Exotics were the Neotropics native Acontista concinna Perty, 1833 (Acanthopidae), the Neotropics native Al. trachoides, the Western Palaearctic native Amegilla sp, Friese, 1897 (Apidae), the Japan native Anomala orientalis (Waterhouse, 1875) (Scarabaeidae), Palaearctic native Grapholita (Aspila) funebrana Treitschke, 1835 (Tortricidae), European native Gryllus campestris Linnaeus, 1758 (Gryllidae), South America native H. haemorrhoidalis, the European (especially North Africa) native Laemostenus complanatus (Dejean, 1828) (Carabidae), the south India native Luprops tristis Fabricius, 1801 (Tenebrionidae), the Asia native T. marginella, and the South Asia native X. humilis. Two Apidae species were useful Amegilla sp, and Ap. mellifera and the Carabidae Le. complanatus was eggs-predator (Table 2). Three exotics (21.4% total species richness) were of unknown pest status, Ac. concinna, An. orientalis and X. humilis (Table 2). Five exotics (35.7%) were pests: Al. trachoides, Gr. (Aspila) funebrana, Gy. campestris,H. haemorrhoidalis, and Lu. tristis (Table 2), The only extotic species known as useful pollinator was Amegilla sp, (Table 2).

3.2. Species richness and diversity
The near-zero species richness ratio (d=0.0003) and the Margalef index (Mg=1.205) indicated low species richness. The non-parametric estimator Chao1 (Chao1=14) indicated a maximum sampling effort (SE=100.0), suggesting that no rare species escaped during the collection sessions. A median level of the species diversity was indicated by the Shannon-Weaver index (H'=1.189 bits) almost half of the maximum value (H'max=2.639 bits). The Simpson diversity index (D=0.393) attested the median level of the species diversity, the evenness of the distribution was of median level (Pielou’s index J=0.451) and the Berger-Parker index (IBP=0.447) indicated a median level of the dominance of the assemblage by a few species. First-order and second-order Hill diversity numbers showed that abundant species were all co-dominants. Rank-frequency diagram (Figure 2) showed a concave shape appearance and that the three species both abundant and co-dominants were exotics Al. trachoides, H. haemorrhoidalis, and T. marginella. The two former co-dominants were pest while the third was of unknown pest status. 


Figure 2. Whittaker’s rank-frequency diagram of the insect species relative abundance showing species in decreasing order of numerical dominance.
Percentages were calculated on the 18,030 total number of individuals collected

A fit test to a theoretical model revealed a poor fit quality (Pearson correlation: r=-0.891). Based on the Akaike Information Criteria (AIC) and the Bayesian Information Criteria, the preemption model (log-linear LL) best fitted the observed species abundance distribution (SAD) (deviance = 13,424, AIC = 13,538, BIC = 13,539) with a high Motomura’s environmental constant (0≤m≤1), while it was the contrary in the four other theoretical models (Broken-Stick model BS: deviance = 53,785, AIC = 53,898, BIC = 53,898; lognormal model LN: deviance = 19,740, AIC = 19,857, BIC = 19,858; Zipf model Z: deviance = 21,316, AIC = 21,433, BIC = 21,434; Zipf-Mandelbrot model ZM: the excessively high abundance values did not allow this adjustment in the R software). Parameters and the LL model were n1=21,593 specimens as maximum abundance (sample size n=48,298 specimens; species richness S=14 species; Log(ni)=f(i) regression slope ± standard error a=-0.169±0.025, intercept ± standard error b=3.965±0.211, with a high correlation between Log(ni) and i (r=-0.891, t=-6.796, p=1.9x10-5, correction factor=2.498; Motomura’s environmental constant (rate of decrease in abundance by rank): m=0.678, corrected LL model: ni=23,021.46*(0.678)i with i as the rank of species, arranged in descending order of absolute abundances.

3.3. Correlation between species
Values of the Kendall’s tau allowed the distinction of two categories of species: (1) negatively correlated species (mutual repulsion or intolerance), and (2) positively correlated species (mutual attraction or tolerance). Negative correlations showed that Ac. concinna repelled Amegilla sp., which in turn repelled seven species Al. trachoides, B. hilaris, Gr. funebrana, H. haemorrhoidalis, La. villosa, Le. complanatus, and Lu. tristis (Table 3A). Aleurotrachelus trachoides repelled in turn Le. Complanatus (Table 3A). Apis mellifera repelled five species An. orientalis, Gy. campestris, Le. complanatus, Lu. tristis, and T. marginella(Table 3A). 
As for positive correlations, Ac. concinna tolerated three species Al. trachoides, H. haemorrhoidalis, and Lu. tristis (Table 3B). Aleurotrachelus trachoides tolerated in turn three other species An. orientalis, Gy. campestris, and La. villosa (Table 3B). Heliothrips haemorrhoidalis tolerated in turn four other species An. orientalis, Gy. campestris, T. marginella, and X. humile (Table 3B). Luprops tristis tolerated in turn four other species B. hilaris, Gr. (Aspila) funebrana, La. villosa, and X. humile (Table 3B). Anomala orientalis tolerated in turn five other species B. hilaris, Gy. campestris, La. villosa, Le. complanatus, and T. marginella(Table 3B). Gryllus campestris tolerated in turn four other species B. hilaris, La. villosa, Le. complanatus, T. marginella and X. humile (Table 3B). Bagrada hilaris and Le. complanatus each tolerated in turn T. marginella(Table 3B). Amegilla sp. tolerated Ap. mellifera (Table 3B).

4. DISCUSSION
4.1 Species composition and ecological status 
This study on the biodiversity of insects associated in the field with plants of Capsicum chinense Jacq., 1776 (Solanaceae) is a first in the locality of Bini (Ngaoundere-Cameroon). The studied assemblage of insects revealed the presence of seven orders, 12 families, 14 genera, and 14 species with Hemiptera as the most recorded order (45.1% of the total collection) followed by Thysanoptera (43.5%) and rare orders were Orthoptera (7.6%), Coleoptera (2.1%), Hymenoptera (1.3%), Lepidoptera (0.2%), Mantodea (0.2%). Moreover amongst families Aleyrodidae (44.7%) and Thripidae (43.5%) were mostly recorded while rare families were Acanthopidae, Acrididae, Apidae, Carabidae, Gryllidae, Pentatomidae, Scarabaeidae, Tenebrionidae, and Tortricidae. According to the available reports, predominance of insects is worldwide known in terrestrial environments (Costello et al., 2013; Stork, 2018; Davidson et al., 2003). Amongst insects the most reported speciose orders are Coleoptera (36.7%), Lepidoptera (17.7%), Diptera (14.7%), and Hymenoptera (11.1%) (Costello et al., 2013; Stork, 2018). 
Table 3. Significant Kendall’s tau correlation between the recorded insect species 
	Species 1/Species 2
	tau
	P
	Species 1/Species 2
	tau
	P

	A. Negative correlations

	Acontista concinna
	Amegilla sp.

	
	Amegilla sp.
	-0.112
	<.001*
	
	Lagria villosa
	-0.156
	<.001*

	Aleurotrachelus trachoides
	
	Luprops tristis
	-0.186
	<.001*

	
	Amegilla sp.
	-0.273
	<.001*
	Anomala orientalis

	
	Laemostenus complanatus
	-0.108
	<.001*
	
	Apis mellifera 
	-0.146
	<.001*

	Amegilla sp.
	Apis mellifera

	
	Bagrada hilaris
	-0.154
	<.001*
	
	Gryllus campestris
	-0.141
	<.001*

	
	Grapholita (Aspila) funebrana
	-0.113
	<.001*
	
	Laemostenus complanatus
	-0.226
	<.001*

	
	Heliothrips haemorrhoidalis
	-0.207
	<.001*
	
	Luprops tristis
	-0.195
	<.001*

	
	Laemostenus complanatus
	-0.216
	<.001*
	
	Tagasta marginella
	-0.465
	<.001*

	B. Positive corelations

	Ac. concinna
	B. hilaris

	
	Al. trachoides
	0.204
	<.001*
	
	Gy. campestris
	0.411
	<.001*

	
	H. haemorrhoidalis
	0.251
	<.001*
	
	Lu. tristis
	0.275
	<.001*

	
	Lu. tristis
	0.268
	<.001*
	
	T. marginella
	0.271
	<.001*

	Al. trachoides
	Gy. campestris

	
	An. orientalis
	0.082
	<.001*
	
	La. villosa
	0.349
	<.001*

	
	Gy. campestris
	0.220
	<.001*
	
	Le. complanatus
	0.207
	<.001*

	
	La. villosa
	0.052
	0.02 *
	
	H. haemorrhoidalis
	0.405
	<.001*

	Amegilla sp.
	
	T. marginella
	0.151
	<.001*

	
	Ap. mellifera 
	0.684
	<.001
	
	Xenocatantops humile
	0.244
	<.001*

	An. orientalis
	H. haemorrhoidalis

	
	B. hilaris
	0.173
	<.001
	
	T. marginella
	0.143
	<.001*

	
	Gy. campestris
	0.159
	<.001*
	
	X. humile
	0.159
	<.001*

	
	H. haemorrhoidalis
	0.155
	<.001*
	Le. complanatus

	
	La. villosa
	0.265
	<.001*
	
	T. marginella
	0.307
	<.001*

	
	Le. complanatus
	0.347
	<.001*
	La. villosa

	
	T. marginella
	0.103
	<.001*
	
	Lu. tristis
	0.418
	<.001*

	Gr. (Aspila) funebrana
	
	X. humile
	0.115
	<.001*

	
	Lu. tristis
	0.287
	<.001*
	Lu. tristis

	
	
	
	
	
	X. humile
	0.096
	<.001*


*: significant correlation (p>0.05)

Low speciose orders being Hemiptera and Orthoptera (9.9% each), and a high proportion of species are likely to be extinct before they can be named (Costello et al., 2013; Stork, 2018). However, in other regions of the wold, fairly similar results have been reported but with a slight modification and a higher number of families and species. For example, in Bangladesh, it was reported that sucking insect vectors in chili (Capsicum annuum L.) were aphids, whitefly, and thrips in March and jassid in April at average temperatures of 34–36°C and 31°C respectively with a positive correlation between pest abundance and temperature, relative humidity, and rainfall for all insects, and the exception of a negative correlation between whiteflies and temperature and rainfall (Khatun et al., 2023). In the Menoua department (West-Cameroon), more specifically in Dschang and surroundings (West Region of Cameroon), eight insect orders (Coleoptera, Diptera, Hemiptera, Hymenoptera, Thysanoptera, Lepidoptera, Odonata, and Orthoptera) of 85 families were reported on Capsicum annuum L., 1753 (Solanaceae), the most collected taxa being Hemiptera (1,627 i.e. 40.6% of 4,003 specimens) and Diptera (1453 i.e. 36.3%) with Thysanoptera as one of the rare orders, and Diptera was the most family-rich order (27 families i.e. 31.8% of the total recorded families) (Dzokou et al., 2021). Compared to the present study, Mantodea was not reported in Menoua region and our collection does not present Diptera and Odonata. A similar trend was reported in Yaoundé (Centre-Cameroon) (Djieto-Lordon et al., 2014). These authors reported 191,127 specimens of insects on three development stages of three C. annuum varieties, belonging to seven orders and 28 species: five orders in the pre-flowering phase of plants including Hemiptera (2.9% of the total collection), Hymenoptera (0.6%), Coleoptera (4 specimens), Lepidoptera (three specimens) and Orthoptera (ten specimens). The same orders except Lepidoptera were found at the flowering-fruiting phase of plants (78.7% Hemiptera, 11.9% Hymenoptera, 29 specimens of Coleoptera, and three specimens of Orthoptera) with the appearance of 65 specimens of Thysanoptera. According to the same authors, at the maturation phase of plants, seven orders: Coleoptera (0.6%), Diptera (2.7%), Hemiptera (0.5%), Hymenoptera (0.2%), Lepidoptera (1.7%), nine specimens ofd Orthoptera, and 31 specimens of Thysanoptera. Making a pooled collection from the pooled pepper varieties of seven orders with Hemiptera (82.2%) as the most recorded followed by Hymenoptera (12.6%) while the five other orders were rare (2.7% Diptera, 0.7% Coleoptera, 1.8% Lepidoptera, 27 specimens of Orthoptera, and 96 specimens of Thysanoptera. During maturation, Diptera and Lepidoptera were the most abundant pests. Our results are reminiscent of the published situation on tomato Lycopersicon esculentum Mill in the locality of Meskine (Far North region of Cameroon) where eight insect orders, 21 families, and 22 genera (14 identified) were reported (Partouma et al., 2020). According to the same authors, Coleoptera and Hemiptera were most representative, with six families each, Lepidoptera coming in second position with four families, then Orthoptera with three families, Homoptera with 2 families, finally Hymenoptera, Neuroptera, and Diptera with only one family each. Moreover in Nkolmelen (Yaounde, Cameroun), 178,811 insect specimens collected by Voula et al. (2023) on two varieties of C. annuum belonged to seven orders Arachnida (5.4% of the total collected specimens), Coleoptera (2.8%), Diptera (34.0%), Hemiptera (15.2%), Hymenoptera (28.8%), Lepidoptera (9.5%) and Orthoptera (4.2%). The same authors reported 28 families and 47 species, the densest orders being Diptera followed by Hymenoptera and Hemiptera. Also in Cameroon, Fouelifack-Nintidem et al (2021) showed in Balessing (Menoua department, West-Cameroon) that the entomofauna associated with the African eggplant Solanum aethiopicum Linnaeus, 1756 (Solanaceae) consisted of four orders, 13 families and 22 species, Lepidoptera and Hemiptera being most abundant (38.7% and 34.8% of the total collection respectively). Coleoptera and Orthoptera being least abundant (14.2% and 12.3% respectively). However, in the same locality of Balessing, the potato plots So. tuberosum L. 1753 (Solanaceae) neighboring the eggplant plots showed Coleoptera and Hemiptera as mostly represented (31.3% respectively) followed by Orthoptera (25.0%) and Diptera (12.4%) (Ngamaleu-Siewe et al., 2021). In Ivory Coast, very few insect pests have been reported on C. chinense, the most recorded being Diptera larvae (Akesse et al., 2015). In India, the major pest associated with plants of C. chinense have been reported as insects including Hemiptera (specifically Aphids), Lepidoptera fruit borers (Helicoverpa armigera, and Spodoptera litura Fab.), Thrips, to which are added mites, and fungal attacks (Bharti et al., 2024). In the present study, the surprising information is the strong representation of Aleyrodidae (Hemiptera) and Thripidae (Thysanoptera), to which is added the weak representation of Hymenoptera and even Lepidoptera. Hymenoptera generally play a crucial role in ecosystem functioning as pollinators, pests, predators, contributing to various ecological processes and services (Klein et al., 2007; Pimm et al., 2014) while Hemiptera and Thysanoptera are pest sap-suckers, piercing insects deriving their food at the level of young leaves, twigs and stems of plants, and are vectors of many agents responsible for plant diseases (Yu et al., 2018; Branco et al., 2023). However, Ngaoundere and the neighboring localities are located in a savannah area where intense village beekeeping activity is practiced and it is full of wild bee colonies (Njukang et al., 2021; Mohammadou et al., 2023; Taïmanga et al., 2024). This imbalance in the representation of insect taxa would be due either to the unfavorable state of plants with insufficient available plant products (scent, nectar, pollen, etc.) or the production of repellant products, or even the quality and/or composition of the local insect fauna. This Solanaceae would have low apicultural value and therefore of little interest to nectarivorous pollinating insects. This would explain the almost exclusive attraction of sap-sucking, piercing insects contrary to the useful pollinator insects. Thus, it appears from the literature that Solanaceae in general are not very attractive to beneficial pollinating insects (Akesse et al., 2015; Partouma et al., 2020; Fouelifack-Nintidem et al. 2021; Ngamaleu-Siewe et al., 2021; Voula et al., 2023; Bharti et al., 2024). The particularity of our observations was the very high representation of harmful exotic species (11 species i.e. 78.6% of the total species richness), three of them (21.4%) known as pests practically dominating the assemblage, unlike three native species (21.4%) were recorded. Capsicum chinense is a plant native to the neotropical region (southern United States of America to central Argentina and Brazil) (Roy, 2016), fruits being previously imported to improve human nutrition. It is possible that imported fruits arrived in Cameroon containing larval stages of harmful exotics which subsequently invaded the territory or that these insects were introduced by other means (intentional or involuntary introduction through human activities) and that once adapted and established, populations multiplied and invaded the country. In market gardens as it is the case in Ivory Coast, aerial plant organs such as leaves, flowers and fruits can be more attacked than others, depending on the high production periods (Johnson et al., 2019). Capsicum chinense appears to attract more naturalized exotic insect pests with which it shares the same native range. Indeed the massive presence of four species of neotropical origin such as pests Ac. concinna (Acanthopidae) (Patel & Singh, 2016), Al. trachoides (Aleyrodidae) (EPPO, 2017), and H. haemorrhoidalis (Thripidae) (de Souza et al., 2019) and the useful eggs-predator Le. complanatus (Carabidae) (Pickett et al., 2021) therefore testifies to their presence in the ecosystem and that they have recognized the plant coming from their native range. To these harmful insects were added two exotics of European origin Gy. campestris (Gryllidae) (Cigliano et al., 2020), and Gr. (Aspila) funebrana (Tortricidae) (Olenici et al., 2007), and the exotic of Asia origin Lu. tristis (Tenebrionidae) (Sabu et al., 2008; Aswathi & Sabu, 2020, 2021), as well as three exotics of unknown pest status An. orientalis (Scarabaeidae), the two species of south Asia native T. marginella (Pyrgomorphidae) (Pudasaini & Dhital, 2022),and X. humilis (Acrididae) (Pudasaini & Dhital, 2022), and the useful pollinator Amegilla sp.. Amegilla sp, is native to the western Palaearctic region (Europe, North Africa, northern and central parts of the Arabian Peninsula, and part of temperate Asia) (Brooks, 1988; Maghni et al., 2017; EPPO, 2017). Anomala orientalis native to Asia (Japan) was of unknown pest status (Jameson et al., 2003; Prohofsky & Dale, 2025). Laemostenus complanatus is used as a biological control agent against eggs of two Pentatomidae commonly known as stink bugs Halyomorpha halys(Stål, 1855) and B. hilaris (Burmeister, 1835) new to California, and widely distributed throughout the United States of America (Pickett et al., 2021). Control by increasing the population of Le.complanatus could be encouraged in C. chinense cultivation plots against B. hilaris invasion given that this approach has given good results in the United States of America (Pickett et al., 2021). Then harmful exotic species are overwhelming species native to tropical Africa such as B. hilaris and La. villosa yet very active in other Solanaceae crops (Sachan & Purwar, 2007; Bundy et al., 2018; Fouelifack-Nintidem et al., 2021; Ruzzier & Martínez-Muñoz, 2021), that have become very rare, including the pollinating species.

4.2. Species Richness, Diversity, and evenness 
The low diversity of the insect pests is associated with low abundance in native species (eight species i.e. 42.1% of the total species richness and 36.5% of the total collected insects), resulting in the weak exploitation of resources. No rare species escaped during the insect collection sessions and low species richness associated with a median level of the species diversity and the species evenness were recorded. Abundant species (Al. trachoides, H. haemorrhoidalis, and T. marginella) were all exotics and co-dominants, the two former being pests and the third being of unknown pest status. The low diversity of the insect pests is associated with very low abundance in native species (three species i.e. 21.4%% of the total species richness and 1,7% of the total collected insects), resulting in the weak exploitation of resources by natives. The exploitation of both food and nest sites was mostly achieved by non-native species (11 non-native species i.e. 78.6% of the species richness and 98.3% of the total abundance). These results were contrary to the reports in cowpea, egg-plant and potato fields in Cameroon (Fouelifack et al., 2021; Ngamaleu-Siewé et al., 2021; Mohammadou et al., 2023). The high abundance level of the invasive exotics in their introduced range is well known (Hollway et al., 2002) and based on the reports on the harmful activity of exotics in the localities of introduction, they would carry out in the Bini locality a similar activity in C. chinense plots. The low representation of natives could be the result either of the regulation of their populations by exotic enemies or of unsuitable environmental conditions offered by the C. chinense plots. A similar trend was reported in Balessing (West-Cameroon) in pest insects associated with the fruits setting and flowering development stages of the African egg-plant Solanum aethiopicum Linnaeus, 1756 (Solanaceae) (Fouelifack et al., 2021), pest insects associated with potato plant in well-maintained plots of So. tuberosum L. 1753 (Solanaceae) (Ngamaleu-Siewe et al., 2021). It was also the case in pest insects associated with cowpea plants Vigna unguiculata (L.) Walp., 1843 (Fabaceae) in Bockle and Dang localities (Adamaoua-Cameroon) (Mohammadou et al., 2023) and those associated with Sesamum indicum L. (1753) (Pedaliaceae) in Bilone (Obala-Cameroon) (Pharaon Mbianda et al., 2025). Similar results are also reported in ground-dwelling ants in anthropized environments (Uno et al., 2010; Solar et al., 2016; Biawa-Kagmegni et al., 2021).

4.3. Community Structure and Functioning
Assemblage of pest insects associated with plants of C. chinense in Bini locality best fitted the Motomura’s log-linear theoretical model (niche partitioning model) with a Motomura environmental constant greater than the median value (m=0.678). Theoretical log-linear nomocenosis model reflects a community in which the majority of species show moderate abundance (Carpentier & Leprêtre, 1999). High values of the Motomura’s environmental constant suggest a high decay rate of abundance per rank of the species, as reported in pioneer assemblages (elementary interspecies relations with competition limited to the physical space and with a strong competition between pioneer species for exploitation of available resources) (Daget, 1976; Iganaki, 1967). Motomura nomocenosis model that reflects communities with moderately abundant majority of species, has been reported fitting species abundance distributions of ground-dwelling ants in France (Cagniant, 1989) and in Cameroon (Mahmoud, 2012), the dung beetles in the Southern Alps (Errouissi et al., 2004), sand flies in Congo (Trouillet & Vattier-Bernard, 1983), the Carabidae and Heteroptera in Finland (Komonen & Elo, 2017), grasshoppers in Cameroon (Yetchom-Fondjo et al., 2020), insects associated with potato plant So. tuberosum in Balessing (West-Cameroon) (Ngamaleu-Siewé et al., 2021), eggplant So. aethiopicum in Balessing (West-Cameroon) (Fouelifack et al., 2021), V. unguiculata in Bockle and Dang localities (Adamaoua-Cameroon) (Mohammadou et al., 2023) and Se. indicum in Bilone (Obala-Cameroon) (Pharaon Mbianda et al., 2025).

5. Conclusion
The purpose of the present study was to determine the biodiversity of the pest insects associated with Capsicum chinense and characterize the community structure. Collected specimens belonged to seven orders, 12 families, 14 genera, and 14 species with Hemiptera as the most recorded order (45.1% of the total collection) followed by Thysanoptera (43.5%) and rare orders were Orthoptera (7.6%), Coleoptera (2.1%), Hymenoptera (1.3%), Lepidoptera (0.2%), Mantodea (0.2%). Families in decreasing abundance hierarchy were Aleyrodidae (Hemipytera) (44.7% of the total collection) > Thripidae (Thysanoptera) (43.5%) > Pyrgomorphidae (Orthoptera) (5.8%) > Apidae (Hymenoptera) (1.3%) = Acrididae (Orthoptera) (1.3%) > Tenebrionidae (Coleoptera) (1.0%) > Carabidae (Coleoptera) (0.9%) > Gryllidae (Orthoptera) (0.5%) > Pentatomidae (Hemiptera) (0.4%) > Acanthopidae (Mantodea) (0.2%) = Scarabaeidae (Coleoptera) (0.2%) = Tortricidae (Lepidoptera) (0.2%). Then Aleyrodidae and Thripidae were mostly recorded and other families were rare. The most recorded species was Al. trachoides (Aleyrodidae) (44.7%) followed by H. haemorrhoidalis (Thripidae) (43.5%), Tagasta marginella (Pyrgomorphidae) (5.8%), and X. humilis (Acrididae) (1.3%), while other species were rare and represented each by less than 1,0% of the total collection. Three rare species were natives to the tropical Africa (21.4% of the total species richness, 1.7% of the total collection), including the useful species Ap. mellifera (Apidae), B. hilaris (Pentatomidae) (0.9% of the total collection), and the pest La. villosa (Tenebrionidae) (0.4%). Eleven species (78.6% of the total species richness, 98.3% of the total collection) were exotics. Three useful species were recorded: two Apidae Amegilla sp, and Ap. mellifera and the eggs-predator Carabidae Le. complanatus. Three exotics were of unknown pest status, Ac. concinna, An. orientalis and X. humilis. Five exotics were pests: Al. trachoides, Gr. (Aspila) funebrana, Gy. campestris, Hi. haemorrhoidalis, and Lu. tristis. Capsicum chinense could serve as a natural attractant for identified exotic pest insects. Plots within other vulnerable crops in the study area would allow these insects to be concentrated in restricted areas in fields and would facilitate curative control. Given that synthetic pesticides currently has limitations (chemical poisoning of the environment, flora, and fauna including humans and livestock), we recommend the urgent use of biopesticides of botanical origin from extracts of local plants. Indeed, interesting results already recorded with the aqueous extract of the leaves of some local plants are the subject of our next publication currently being written.
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Definitions, Acronyms, Abbreviations
Ac. concinna: Acontista concinna Perty, 1833; Al. trachoides: Aleurotrachelus trachoides (Back, 1912); An. orientalis: Anomala orientalis (Waterhouse, 1875); Ap. mellifera: Apis mellifera Linnaeus, 1758; B. hilaris: Bagrada hilaris (Burmeister, 1835); C. annuum: Capsicum annuum L., 1753; C. baccatum: Capsicum baccatum L., 1767; C. chinense: Capsicum chinense Jacq., 1776; C. frutescens: Capsicum frutescens L., 1753; C. pubescens: Capsicum pubescensRuiz&Pav., 1799; EPPO: European Public Prosecutor's Office; Gr. funebrana: Grapholita (Aspila) funebrana Treitschke, 1835; Gy. campestris:Gryllus campestris Linnaeus, 1758; H. haemorrhoidalis:Heliothrips haemorrhoidalis (Bouché, 1833); La. vollosa: Lagria villosa (Fabricius, 1781); Le. complanatus:Laemostenus complanatus (Dejean, 1828); Lu. tristis: Luprops tristis Fabricius, 1801; Se. indicum :Sesamum indicum L. (1753); So. aethiopicum: Solanum aethiopicum Linnaeus, 1756; So. melongena: Solanum melongena L., 1753; So. tuberosum:Solanum tuberosum L. 1753; T. marginella:Tagasta marginella (Thunberg, 1815); V. unguiculata: Vigna unguiculata (L.) Walp., 1843; X. humilis:Xenocatantops humilis (Serville, 1838)
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