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Original Research Article 
Compared community structure and functioning of the flower-visiting insects on Physalis minima L. (1753) (Solanales: Solanaceae) and Sesamum indicum L. (1753) (Scrophulariales: Pedaliaceae) in Macha (Bambui, North-West, Cameroon)

ABSTRACT

Aims: Floral visitors play a crucial role in maintaining agro-ecosystem productivity, yet their dynamics in the highlands of North-West Cameroon remain poorly understood. This study investigated the entomofauna visiting Physalis minima L. (1753) (Solanales: Solanaceae) (a spontaneous herb) and  Sesamum indicum L. (1753) (Scrophulariales: Pedaliaceae) (a major oilseed crop)  in Macha (Bambui) to evaluate their diversity, community structure, and interspecific interactions. 

Place and Duration of Study: Insect collections and observations were conducted during the 2013 and 2014 cultivation campaigns in Macha (Bambui, North-West, Cameroon). 

Methodology: Community structure was analyzed using diversity indices (Margalef, Berger-Parker, Shannon), rarefaction curves, and rank-frequency mathematical models (Zipf and Zipf-Mandelbrot). Interspecific correlations were tested to assess behavioral dynamics. 

Results: A total of 42 insect species were identified, with Hymenoptera (Apidae: 41.2%) being the dominant order. Amegilla sp. and Apis mellifera adansonii were the primary visitors, exhibiting clear niche partitioning: Amegilla sp. significantly preferred the tubular flowers of Se. indicum (44.9%), while A. m. adansonii favored Ph. minima (20.7%). Species abundance distributions (SADs) predominantly fitted the Zipf-Mandelbrot model, reflecting a "pioneer-like" system with high dominance and shared competition among leaders. Despite low overall species richness, communities were structured around a stable core of frequent visitors. Interestingly, all significant interspecific correlations were positive, suggesting behavioral tolerance and a synergistic network of floral exploitation. Physalis minima acted as a vital biodiversity reservoir, supporting 80.2% of useful pollinators and refuge for biological control agents like Paragus borbonicus.

Conclusion: The findings highlight the importance of maintaining heterogeneous floral resources (crops and wild weeds) to preserve a resilient pool of pollinators. Landscape-level management that integrates spontaneous flora is essential for the sustainability of subsistence agriculture and the stability of ecosystem services in the Cameroonian highlands.

Keywords: Physalis minima, Sesamum indicum, community structure, Biodiversity reservoir, Macha, (North-West, Cameroon).

1. Introduction

Entomophilous pollination represents a fundamental ecosystem service, ensuring the reproduction of more than 80% of angiosperms and playing an essential role in global food security (Ollerton et al., 2011; Potts et al., 2016). In tropical agro-ecosystems, the stability of this service relies on complex interactions between cultivated plants and the surrounding wild flora, which often acts as a biodiversity reservoir for anthophilous insects (Winfree et al., 2008). In Cameroon, particularly in the highlands of the North-West Region, subsistence agriculture coexists with diverse spontaneous vegetation. Among these floral resources, Sesame (Sesamum indicum L. 1753) (Scrophulariales: Pedaliaceae) stands as an oilseed crop of major economic importance (Weiss, 2000). Originating from Asia and Africa (Desai, 2004) and widely naturalized in subtropical and tropical regions (Kamel et al., 2013), its yield depends closely on insect activity particularly Hymenoptera for cross-pollination (Tchuenguem Fohouo et al., 2004). The flowers are hermaphroditic and zygomorphic (Ashri, 2007), producing nectar and pollen exploited by various insects (Free, 1993; Kamel et al., 2013). The seeds are small, oval, and slightly flattened (Tunde Akintunde et al., 2012), containing potent antioxidants such as sesamin and sesamolin (Liang et al., 2012). Additionally, an extrafloral nectary is located on each side of the peduncle base (Free, 1993). Sesame oil is extensively used in the food industry, as well as in pharmaceutical and chemical manufacturing (Moretto & Alves, 1986; Elleuch et al., 2007; Kandangath et al., 2010; Wei et al., 2011; Blal et al., 2013).

Similarly, Physalis minima L. (1753), of the Solanaceae family, is a small annual herbaceous plant often found as a weed in crop fields (Nayeemulla et al., 2006). It is native to warm temperate and subtropical regions worldwide (Norhanizan et al., 2014). The fruit is a berry, approximately 1.5 cm in diameter, enclosed in an inflated, bladder-like calyx or husk; it is juicy, mildly astringent, and sweet (Lila, 2007). While the unripe fruit can be cooked as a vegetable (Usher, 1974), the ripe fruits are consumed fresh or used as an appetizer and laxative (Lila, 2007; Usher, 1974). The edible fruit contains approximately 6% sugars, 2.7% proteins, 1.2% ash, 0.6% tannin, and 0.5% pectin, and is a rich source of vitamin C (Parmar & Kaushal, 1982). Plant extracts have also demonstrated anticancer activity (Duke & Ayensu, 1985; Muhamad & Mustafa, 2010). Furthermore, the plant plays a crucial ecological role by offering alternative nectar and pollen resources, thereby contributing to the maintenance of local pollinator populations (Asiwe, 2009).

Despite their respective importance, the dynamics of plant-insect interactions between these two taxa with their contrasting floral morphologies remain poorly explored. Sesamum indicum features flowers consisting of a five-cleft calyx, a corolla tube formed by a two-lobed upper lip and a three-lobed lower lip, four stamens, an ovary, a style with a bifid stigma, and a nectariferous disc surrounding the ovary (Andrade et al., 2014); these often require specialized pollinators. In contrast, Ph. minima bears pendulous, hermaphroditic flowers consisting of a five-lobed, bell-shaped calyx and a pale yellow, pentagonal corolla often marked with brownish-purple spots at the base; the plant produces an abundance of nectar and pollen, making it highly attractive to a wide range of floral visitors (Sullivan, 1984; Norhanizan et al., 2014). This divergence in functional traits raises essential questions regarding ecological niche structure: is there a marked taxonomic segregation or competition for pollinators between  Ph. Minima and Se. indicum? 

In Macha village (Bambui), an area characterized by increasing anthropogenic pressure and a specific microclimate, understanding how insects partition themselves between these two resources is fundamental for the conservation of ecosystem services. The present study aims to compare the structure (species richness, abundance, dominance) and functioning (activity rhythms, foraging behavior) of the insect communities visiting Ph. minima  and Se. indicum. We test the hypothesis that the morphological and phenological traits of these two plants induce a differentiated structuring of the entomofauna, thereby influencing pollination efficiency at the local landscape scale.

2. Material and Methods

2.1. Study Site 

Fieldwork was conducted during two cultivation campaigns (June to July 2013 and 2014) in Macha village (Bambui-Sabga area, Bamenda highlands, Tubah Sub-Division, Mezam Division, North West Region in Cameroon with general coordinates as approximately 6°03′00″N, 10°14′00″E, elevation: 1,235 m a.s.l., altitude: 2.26 km). The geographic coordinates were recorded using a Global Positioning System (Garmin GPS II+). The Macha village located in Bambui locality belongs to the Western Highlands agro-ecological zone of Cameroon, a humid zone with monomodal rainfall pattern known as a Cameroonian highland type (high-altitude climate). In Bambui, as in all the Bamenda highlands, the prevailing climate is characterized by two seasons: a short dry season (mid-November to mid-March, with rare rainfall or nonexistent, the driest month being usually December or January and less than 12 mm on average) and a single long rainy season (mid-March to the end of October, rainfall gradually increases from March/April, reaching its peak in July, August, and September and during these peak months, monthly totals can exceed 300-400 mm) (Kimengsi et al., 2022). The rainy season is marked by strong seasonal variability and a downward trend in annual totals in recent years, promoting intensive farming (Kimengsi et al., 2022; NOCC, 2024). The transition period (September-October) is the wettest, characterized by frequent and intense rainfall before a rapid cessation in November (NOCC, 2024). Average rainfall was estimated about 2,400 mm, temperature average 23°C ranging between 15°-32°C (Ndoh & Jiwen, 2008). Current rainfall estimates indicate a downward trend in annual amounts, although rainfall is still generally considered "reliable" for agriculture (Mairomi & Tume, 2021). In Bamenda zone and surrounding localities, during 1963 to 2019 period, the Mean Annual Rainfall was estimated as about MAR=182.52 mm, with a Standard Deviation SD=29.16 and a Coefficient of Variation CV=15.96%, while rainfall has reduced by 2.07 mm (Tune, 2022). According to the same last author, the deficit matches with a declining mean annual rainfall trend and the mean Standardized Precipitation Index is SPI=-0.17 (mild dryness), with 16 episodes of mild dryness, 4 moderate dryness, 3 severe dryness and 3 extreme dryness incidents. Soil in Bambui consists of fertile, dark volcanic in higher areas, while the lower regions feature hydromorphic soils formed from sedimentary deposits and the area contains significant sandy soil deposits along riverbanks used for construction, along with, in some contexts, heavy metal contamination in sediments due to human activity (Yiika et al., 2022). In Bambui (agro-ecological zone of the Western Highlands of Cameroon), the vegetation cover and successions are marked by strong human activity (MINADER, 2022). The landscape is a mosaic resulting from the interaction between the natural environment and agriculture (Fonge et al., 2022), integrating: (1) fallows, grassy and shrubby savannas dominant on the slopes, composed of grasses such as Imperata cylindrical (Poales: Poaceae) and fire-resistant shrubs shaped by recurrent fires, grazing, and human activity, an ecosystem consisting of pyrophyte plant species, including Protea madiensis and Annona senegalensis, within a degraded landscape (Wouokoue Taffo et al., 2020) ; (2) gallery forests and Raphiales located along watercourses and in the lowlands, sheltering raffia palms, essential for crafts and the extraction of palm wine (Kengo, 2021), (3) agroforestry systems in coffee orchards associated with shade trees and food crops (banana trees, avocado trees) which simulate a stratified forest structure, forming a complex multi-layered polyculture, combining Coffea arabica with shade trees such as Grevillea, Ficus, Citrus, and food crops such as bananas and avocados to optimize space and simulating a forest understory that regulates the microclimate, improves soil fertility, and diversifies agricultural income  (Awazi, 2025); (4) intensive crops in home gardens, market garden areas and large-scale crops (maize, potatoes, beans) are often practiced on the fertile soils of the slopes and valleys (Nyanchi et al., 2021). A detailed inventory of useful species cultivated in home gardens in Tubah (including Bambui) lists 133 plant species dominated by the Solanaceae, Fabaceae, and Asteraceae families (Fonge et al., 2022). Plant dynamics in Bambui generally follow a cycle of degradation and recolonization, influenced by human activities (Narke et al., 2025), summarized as: (1) a pioneer phase (post-cultivation) after the field is abandoned, colonizing grasses and cover crops quickly establish themselves to protect the soil from erosion; (2) a shrub stage is formed when the land is not burned, pioneer woody species begining to dominate the herbaceous layer; (3) a (limited) forest invasion in protected or less accessible areas in which a "slow invasion" of the savanna by the forest is observed, although this process is often interrupted by bushfires or grazing; and (4) crop rotation on farms in which farmers practice planned rotation (e.g., maize followed by tubers) to maintain soil fertility. In Bambui, the major cultivated industrial/cash crops include rice Oryza sativa L., 1753 (Poales: Poaceae), coffee Coffea arabica L., 1753 (Rubiales: Rubiaceae), palm oil Elaeis guineensis Jacq., 1763 (Arecales: Arecaceae), and Musa x paradisiacal L., 1753 (Zingiberales: Musaceae), alongside significant production of food crops that serve as income generators. Rice, grown in the Kedjom Ketinguh lowlands, is a key cash crop. Coffee was historically primary, while palm oil is increasingly cultivated, alongside high-value vegetable gardening. The most frequently observed food crops 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), and Zea mays L., 1753 (Cyperales: Poaceae). Cultivated areas are small polyculture family farms. 

2.2. Sample Design 

The field experimental station (6°03’06.69’’N, 10°13’53.20’’E, elevation: 1,232 m, altitude: 1.68 km) was an 27x14 m area located in the Macha village, selected following the owner's agreement The station was located 25 m from the main road, 0.27 km by the crow flies and 0.32 km by road (motorcycle or car) from the Tubah District Hospital, 0.66 km by the crow flies and 0.92 km by road (motorcycle or car) from GS Macha Bafunge School (Figure 1). The area was divided into two adjacent blocks of equal size (189 m² each), the first block for the monoculture of Physalis minimum L. (1753) (Solanales: Solanaceae) and the second block for that of Sesamum indicum L. (1753) (Scrophulariales: Pedaliaceae). The life cycle of the Ph. minima in Cameroon (an annual plant), spans approximately three to five months (180 to 200 days from sowing to harvest), favored by a warm climate (this plant thrives thanks to abundant sunshine and organic matter in tropical areas such as Highlands of Cameroon including Bambui region (Bamenda) and Adamawa region (Ngaoundere) (Dapsia Djakbé et al., 2017). 
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Fig. 1. Location of the study site in Macha locality (Bambui-Sabga area, North-West Region, Cameroon). A: Location North-West region in Cameroon (Fogwe, 2020; Mukete et al., 2021); B: Location of of Mezam Division in the North-West region (Cameroon) (Fogwe, 2020; Mukete et al., 2021); C: Location of the Tubah Sub-Division in the Mezam Division (Fogwe, 2020; Mukete et al., 2021); D: Location of the study site in Macha village (from Google Earth Pro version 7.3.6.10201).
The development of Ph. minima plants is divided into several distinct phenological stages beginning with sowing, followed by rapid germination, bushy vegetative growth, flowering, and fruiting (gooseberry), ending with the harvesting of ripe berries before the dry season and summarized as follow (Diniz & Novembre, 2019; Tanan et al., 2021): (1) the germination stage (7 to 21 days), seeds being generally sown in a nursery or in pots and germination requires a constant temperature between 20°C and 25°C; (2) the vegetative growth stage (45 to 60 days) noted after transplanting (when the seedling reaches approximately 10 cm), characterized by the development of the plant leaves and stems, reaching up to 1 meter in height (Figure 2A) and sometimes requires staking due to its susceptibility to wind; (3) flowering stage (begins after 2 months) during which solitary, bell-shaped flowers (Figure 2C) appear in the branch axils and in Cameroon, the activity of the honeybee Apis mellifera adansonii is crucial at this stage, increasing the fruit ripening rate by more than 20% (Dapsia Djakbé et al., 2017); (4) the fruiting and ripening stage (45 to 75 days after anthesis) in which the calyx develops to surround the fruit, forming a "lantern" and physiological maturity is optimal approximately 60 to 75 days after the flower opens; (5) harvesting in which the fruits are ready when the calyx becomes dry and papery and they often fall naturally to the ground once ripe (Diniz & Novembre, 2019). As for the growing season of Ph. minima plants, although dependent on rainfall, the flowering and fruiting period generally extends from March-April to November, cultivated on light, very well-drained soils and maximum exposure to full sun (open field cultivation). As for Se. indicum (sesame) it undergoes development in distinct phases: germination/emergence, vegetative growth (leaf and branching development) (Figure 2B), reproductive growth (flowering, capsule formation), and ripening/maturation (Attibayéba et al., 2010). The crop typically matures in 90–145 days, with critical weed-free, vegetative, and bloom stages that are key to yield determination and nutrient uptake and the following development stages are noted (Attibayéba et al., 2010): (1) germination and Emergence occur 0–14 days in which seeds germinate, develop a radicle, and emerge to form seedlings; (2) vegetative growth is obtained approximately 15–30 days, characterized by the development of true leaves, stem elongation, and branching and the plant grows to about 10-15 cm, forming a rigid stem (Figure 2B); (3) flowering occurs 3–5 weeks after sowing to 80-90 Days After Planting (DAP) in which inflorescences emerge, and flowers bloom (Figure 2D) (flowering starts from the bottom and proceeds upward (acropetal) and this phase includes mid-bloom and late-bloom, where 70% of flowers occur in the first two weeks; (4) capsule development and ripening occur approximately 90-145 DAP characterized by the capsules form containing seeds and the capsules start to ripen from the bottom up, including drying stages where leaves fall and capsules mature; (5) physiological maturity and harvest is noted in 107-146 DAP which is the final stage where capsules are dry and ready for harvest, usually lasting until full dry down (Zavareha et al., 2008). Ripe fruits of Ph. minima and ripe pods of Se. indicum were collected from a local farmer. Seeds (Figure 2E and 2F) were sun-dried, and stored in labeled packages for use in the following growing season. Two months before the first rains of the growing season (March 3rd 2013 and March 5th 2014), delimited area was cleared, plowed (the soil was turned over for the imminent cultivation), and 15 neighboring logs were formed (3x1 m each, 20 cm deep furrow, spaced from each other by 1 m along the length of the log and 0.5 m across the width of the neighboring logs), making a total each year of 30 logs for the two plant species cultivations. Sowing was carried out in rows (one row per log for Ph. minima and three rows per log for Se. indicum) and seeds were sown in hills (three hills per row for Ph. minima and five hills per row for Se; indicum), two seeds per hill, with a spacing of 50 cm between adjacent hills. Making a total of 1x3x15=45 hills for Ph. minima and 3x5x15=225 hills. Fertilizers were not used in the experimental plots and two months after emergence of the plants, thinning was done and only one plant (the most vigorous) was kept per hill. From emergence (May 6th 2013 and May 12th 2014) to the opening of the first flower (June 9th 2013 and June 13th 2014), weeding was carried out regularly with a hoe, once every two weeks. From the beginning of flowering (June 9th 2013 and June 13th 2014) until the fruit ripening (July 18th 2013 and July 21st 2014), manual weeding was performed regularly and insects were captured during entomological surveys on flowers. Daily entomological surveys (from 6:00 to 18:00 a.m.) were organized twice a week during two months (June and July each year). Throughout the investigation period, plants were inspected and adult insects were counted and captured on flowers using either fine forceps or a mouth aspirator (case of small sized non-flying insects) or a dip net (butterfly net) for large sized flying specimens. Collected insects were preserved in labeled tubes or bottles containing 70% ethanol as described by Sah et al. (2025), except for Lepidoptera and Odonata adults which were preserved dry in paper packets (papillotes consisting of A4-sized folded paper devices keeping the wings intact), according to the recommendations of Borror & White (1991). For each specimen, the time and date of capture were noted. Species not precisely identifiable in the field were assigned a code and a brief description. According to the description adopted by Sah et al. (2025), 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). Fallow land and other crops adjacent to the experimental area contained several plant species whose flowers were likely to attract anthophile insects. These plants, not targeted in the present study but flowering during the period of our investigations, were Ageratum conizoides L., 1753 (Asterales: Asteraceae), Arachis hypogaea L., 1753 (Fabales: Fabaceae), Aspilia africana (Pers.) C. D. Adams (Asterales: Asteraceae), Bidens pilosa L., 1753 (Asterales: Asteraceae), Callistemon viminalis (Gaertn.) G. Don, 1830 (Myrtales: Myrtaceae), Sida rhombifolia L., 1753 (Amalvales: Malvaceae), Emilia coccinea G. Don, 1839 (Asterales: Asteraceae), Lantana camara L., 1753 (Lamiales: Verbenaceae), Gymnanthemum amygdalinum (Delile) Sch.Bip. ex Walp., 1843 formerly Vernonia amygdalina Delile (Asterales: Asteraceae), Phaseolus vulgaris L., 1753 (Fabales: Fabaceae), Tithonia diversifolia (Hemsl.) A. Gray, 1883 (Asterales: Asteraceae), Mimosa pudica L., 1753 (Fabales: Mimosaceae), Talinum fruticosum (L.) Juss., 1789 (=Talinum triangulare ((Jacq.) Willd.) (Caryophyllales: Talinaceae), Psidium guajava L., 1753 (Myrtales: Myrtaceae), and Zea mays L., 1753 (Cyperales: Poaceae). During the observation period, within a 3000 m radius area centered on our experimental plots, two honeybee hives were identified. The closest honeybee hive was located 700 m from our experimental plots. In addition to these potential pollinators, others could be present from unrecorded wild hives around the study site or from other honeybee hives located further away, since, according to Louveaux (1984), the foraging radius of Apis mellifera adansonii bees can exceed 12 km around their hive. Other insects likely to visit Ph. minima and Se. indicum flowers came naturally from the environment (from neighboring old fallow lands, forest remnants, and other cultivated fields).
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Fig. 2. Illustration of the morphology of a plant, flower, and seeds of Physalis minima and Sesamum indicum. A: Physalis minima plant in its vegetative stage with abundant branches; B: mature plant of Se. indicum in blooming stage with several open flowers; C: An opened Ph. minima yellow colored flower with an Apis mellifera adansonii forager collecting nectar; D: An opened Se. indicum white colored flower with a honeybee collecting nectar; E: the color, shape and size of viable dry seeds in Ph. minima; F: the color, shape and size of viable dry seeds in Se. indicum. 

2.3 Identification of the Collected Specimens 

Plants were identified in-situ or photographed, and a sample of leaves, bark, flowers, and fruits when available allowed laboratory identification by botanist colleagues at the Faculty of Sciences of the University of Bamenda. The collected specimens of insects were identified to the species level when possible using a magnifying glass, identification keys and guides or catalogs (Delvare & Arbelenc, 1989; Borror & White, 1991; Nakahara et al., 2015), and to take into account recent modifications in species taxonomy, we consulted recent illustrated catalogs (Eardley et al., 2010; Eardley & Urban, 2010; Gourmel, 2014; Bousquet et al., 2018; Cigliano et al., 2025; Gilligan et al., 2025; Lorenz, 2025; Ouvrard & 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 Bamenda.
2.4 Data Analysis 
A species data matrix with abundance counts was constructed in an excel spreadsheet version 2016. Abundances were presented in terms of mean ± standard error (se) or percentage. Two mean values were compared using the Student t-test from PAST 4.03 software for Windows (Hammer et al., 2001) when relevant and when the Shapiro-Wild normality test and/or Bartelett or Levene equal variance tests passed. Otherwise, the Mann-Whitney test (for independent series) or the Wilcoxon test (for paired series) were performed. Simultaneous comparison of several mean values was performed using the Analysis of Variance test (ANOVA) from RStudio software version 2025.09.1 (Posit team, 2025) when the above presented conditions passed, followed by the Student-Newman-Keul’s post-hoc pairwise comparisons. Otherwise, we performed the non-parametric Kruskall-Wallis multiple test followed by the Dunn’s post-hoc comparisons with the Bonferonni adjusted probabilities or other available procedure, using R software version 4.5.1 (R Core Team, 2025) or RStudio software version 2025.09.1 (Posit team, 2025). 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-3 software version 3.1 (Cytel Software Corporation, Cambridge, MA, USA).
The structure of the assemblages was described using alpha and beta diversity indexes adopted by Sah et al. (2025). Alpha indexes were determined using PAST 4.03 software (Hammer et al., 2001). The species richness was characterized using the following indexes: the observed species richness S, the occurrence of the ith species ni, the sample size n, the maximum abundance nmax; the Margalef’s index Mg=(S-1)/ln(n), the richness ratio d=S/n with d≈0 for low richness and d≈1 for maximal richness, the abundance-base non-parametric estimator Chao-1 was used for the “true” species richness, the sampling effort SE=100(S/Chao-1) was determined with 0 for null effort and 1 for maximal one (Thukral, 2017), For the species diversity, Shannon-Weaver H' was determined as well as the maximum Shannon index H'max=ln(S), and the Simpson index D. The evenness of each assemblage was evaluated using the Pielou’s index J=H’/H'max the Berger-Parker’s dominance index IBP=nma/n. The Hill’s diversity numbers (the first order number N1=eH’ and the second order number N2=1/D) were used for the estimation of the number of simply abundant species and the number of co-dominant species respectively.

Based on Wittaker diagrams and Hill diversity numbers, co-dominant, simply abundant, and rare species were identified. The adjustment quality to a theoretical model was tested using Pearson correlation coefficient 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). Five theoretical models were tested using the package “Vegan” from R 3.4.1 software and RStudio software: (1) the McArthur’s Broken-Stick model (BS) or niche partitioning model or model of contiguous, non-overlapping niches (MacArthur, 1957), (2) the geometric series or Motomura’s log-linear (LL) nomocenosis model with the Motomura’s environmental constant 0≤m≤1 (rate of decrease in abundance of species by rank) (Iganaki, 1967; Daget, 1976; Wilson, 1991; Galante & Cartagena, 1999 Ferreira & Petrere-Jr, 2008; Le et al., 2012), (3) the Preston’s lognormal (LN) nomocenosis model, (4) the Zipf (Z) model with the parameter (Zipf, 1965; Li, 2002; Koplenig, 2015) with the γ (gamma) parameter (usually close to 1) as the decay coefficient or average probability of appearance of a species (Li, 2002), (5) the Zipf-Mandelbrot (ZM) model 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 (Frontier, 1987; Bach et al., 1988). 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 AIC value and when two close values of AIC are obtained then the best model becomes the one presenting the lowest Bayesian Information Criteria (BIC) value (Johnson & Omland, 2004). For each selected theoretical model, the model was given as well as the above presented parameters, and it was adjusted using the correction factor c=n/n* with sample size “n*” as the calculated sample size and n as the observed sample size.

Between species correlations were tested using the Kendall’s tau coefficient from PAST software, Negative correlation (τ<0) suggested mutual intolerance while positive one (τ>0) suggested a mutual tolerance.

3. Results

3.1. Assemblage composition

A total of 5,311 insect specimens were recorded (1,615 specimens i.e. 30.4% of the total collection and 3,696 specimens i.e. 69.6% in 2013 and 2014 respectively; Fisher’s exact test: p<0.001), 39.9% from Physalis minima flowers (20.8% and 19.1% in 2013 and 2014 respectively, the variation being significant; Fisher’s exact test: p=0.029) and 3,182 (60.1%) from Sesamum indicum flowers (510 i.e. 9.6% and 2,682 i.e. 50.5% in 2013 and 2014 respectively, the difference being significant; Fisher’s exact test: p<0.001) (abundances in Tables 1 and 2). Specimens belonged to three orders, eight families, 17 species and morph-species (Table 1). The 1st most recorded order was Hymenoptera Linnaeus, 1758 represented by 93.1% of the total collection (28.0% and 65.1% in 2013 and 2014 respectively, the difference being significant (Fisher’s exact test: p<0.001) and the variation was also significant between the two cultivation campaigns in Ph. minima flowers (34.5% in the pooled years, 18.4% and 16.0% in 2013 and 2014 respectively, Fisher’s exact test: p=0.001) and even in Se. indicum flowers (58.7% in the pooled years, 9.6% and 49.0% in 2013 and 2014 respectively, Fisher’s exact test: p<0.001)  (Table 1). The 2nd order was Diptera Linnaeus, 1758 represented by 6.3% of the total collection (2.2% and 4.2% in 2013 and 2014 respectively, the difference being significant according to the Fisher’s exact test: p<0.001), but the variation was not significant between the two cultivation campaigns in Ph. minima flowers (4.9% in the pooled years, 2.2% and 2.7% in 2013 and 2014 respectively, Fisher’s exact test: p=0,078) while in Se. indicum flowers 1.4% exclusively in 2014  (Table 1). The 3rd order Lepidoptera Linnaeus, 1758, was rare (0.5%) and was recorded exclusively in Ph. minima flowers (0.2% and 0.3% in 2013 and 2014 respectively) (Table 1).

Table 1. Absolute abundance and insect orders of the flower-visiting insects 

	
	A. Physalis minima 
	B. Sesamum indicum 
	Pooled plant species

	Orders
	213
	214
	Total
	213
	214
	Total
	213
	214
	Total

	Diptera Linnaeus, 1758
	115
	144
	259
	-
	77
	77
	115
	221
	336

	Hymenoptera Linnaeus, 1758
	979
	852
	1,831
	510
	2,605
	3,115
	1,489
	3,457
	4,946

	Lepidoptera Linnaeus, 1758
	11
	18
	29
	-
	-
	-
	11
	18
	29

	Total
	1,105
	1,014
	2,119
	510
	2,682
	3,192
	1,615
	3,696
	5,311


 The most family-rich order was Hymenoptera (four families, 50.0% of the total number of the recorded families) followed by Diptera (three families, 37.5%) and lastly by Lepidoptera (only one family, 12.5%) (Table 2). The 1st most recorded family was Apidae Latreille, 1802 (Hymenoptera) represented by 77.6% of the total collection (24.2% and 53.4% in 2013 and 2014 respectively; a significant difference in Fisher’s exact test: p<0.001) (Table 2) with 26.7% from Ph. minima flowers (15.6% and 11.1% in 2013 and 2014 respectively; a significant variation in Fisher’s exact test: p<0.001) and 50.9% from Se. indicum flowers (8.6% and 42.3% in 2013 and 2014 respectively; a significant difference in Fisher’s exact test: p<0.001) (Table 2). The 2nd family was Formicidae Latreille, 1809 (Hymenoptera) represented by 12.9% of the total collection (3.4% and 9.5% in 2013 and 2014 respectively; a significant difference in Fisher’s exact test: p<0.001) (Table 2) with 7.5% from Ph. minima flowers (2.7% and 4.7% in 2013 and 2014 respectively; a significant difference in Fisher’s exact test: p<0.001) and 5.4% from Se. indicum flowers (0.6% and 4.7% in 2013 and 2014 respectively; a significant difference in Fisher’s exact test: p<0.001) (Table 2). The 3rd family was Muscidae Latreille, 1802 (Diptera) represented by 4.1% of the total collection (1.2% and 2.8% in 2013 and 2014 respectively; a significant difference in Fisher’s exact test: p<0.001) (Table 2), with 2.7% from Ph. minima flowers (1.2% and 1.4% in 2013 and 2014 respectively; a not significant difference in Fisher’s exact test: p=0.498) and 1.4% from Se. indicum flowers recorded exclusively in 2014 (Table 2). The 4th family was Halictidae Thomson, 1869 (Hymenoptera) represented by 2.6% of the total collection (0.4% and 2.2% in 2013 and 2014 respectively; a significant difference in Fisher’s exact test: p<0.001) (Table 2), with 0.2% from Ph. minima flowers (0.08% and 0.2% in 2013 and 2014 respectively; a not significant difference in Fisher’s exact test: p=0.267) and 2.4% from Se. indicum flowers (0.4% and 2.0% in 2013 and 2014 respectively; a significant difference in Fisher’s exact test: p<0.001) (Table 2). The 5th family was Drosophilidae Rondani, 1856 (Diptera) represented by 1.4% of the total collection, exclusively from Ph. minima flowers (0.7% and 0.8% in 2013 and 2014 respectively; a not significant difference in Fisher’s exact test: p=0.648) (Table 2). The 6th family was Syrphidae Latreille, 1802 (Diptera) represented by 0.8% of the total collection (0.2% and 0.6% in 2013 and 2014 respectively; a significant difference in Fisher’s exact test: p=0.014) (Table 2) with 0.8% from Ph. minima flowers (0.2% and 0.5% in 2013 and 2014 respectively; a significant difference in Fisher’s exact test: p=0.027) and 0.04% from Se. indicum flowers, recorded exclusively in 2014 (Table 2). The 7th family was Nymphalidae Rafinesque, 1815 (formerly named Acraeidae Boisduval, 1833) (Lepidoptera) represented by 0.5% of the total collection exclusively from Ph. minima flowers (0.2% and 0.3% in 2013 and 2014 respectively; a not significant difference in Fisher’s exact test: p=0.264) (Table 2). The last family was Megachilidae Latreille, 1802 (Hymenoptera) rarely recorded exclusively in 2014 (0.08% in the pooled plant species, 0.04% in Ph. minima flowers and Se. indicum ones respectively) (Table 2). 

Table 2. Absolute abundance and insect families of the flower-visiting insects 
	
	A. Physalis minima 
	B. Sesamum indicum 
	Pooled plant species

	Families
	213
	214
	Total
	213
	214
	Total
	213
	214
	Total

	Diptera Linnaeus, 1758

	Drosophilidae Rondani, 1856
	36
	41
	77
	-
	-
	-
	36
	41
	77

	Muscidae Latreille, 1802
	66
	75
	141
	-
	75
	75
	66
	150
	216

	Syrphidae Latreille, 1802
	13
	28
	41
	-
	2
	2
	13
	30
	43

	Hymenoptera Linnaeus, 1758

	Apidae Latreille, 1802
	829
	589
	1,418
	457
	2,245
	2,702
	1,286
	2,834
	4,120

	Formicidae Latreille, 1809
	146
	252
	398
	34
	252
	286
	180
	504
	684

	Halictidae Thomson, 1869
	4
	9
	13
	19
	106
	125
	23
	115
	138

	Megachilidae Latreille, 1802
	-
	2
	2
	-
	2
	2
	-
	4
	4

	Lepidoptera Linnaeus, 1758

	Nymphalidae Rafinesque, 1815
	11
	18
	29
	-
	-
	-
	11
	18
	29

	Total
	1,105
	1,014
	2,119
	510
	2,682
	3,192
	1,615
	3,696
	5,311


Eight taxa were identified at the species level: Acraea acerata Hewitson, 1874 (Lepidoptera: Nymphalidae), three Hymenoptera Apidae (Apis mellifera adansonii Latreille, 1804, Dactylurina staudingeri Gribodo, 1893, and Meliponula erythra Schletterer, 1891), Camponotus flavomarginatus Mayr, 1862 (Hymenoptera: Formicidae), Musca domestica Linnaeus, 1758 (Diptera: Muscidae), and Lasioglossum atricum Vachal, 1903 (Hymenoptera: Halictidae), and Paragus borbonicus Macquart, 1842 (Diptera: Syrphidae) (Table 3). Other nine taxa were identified at the genus level and considered as morph-species (Table 3). The most species-rich family was Apidae (Hymenoptera) (seven species, 41.2% of the total species richness) followed by Formicidae (Hymenoptera) (three species 17.6%), Halictidae (Hymenoptera) (two species, 11.8%) and other families were rare, represented each by one species (5.9% each) (Table 3). The 1st most recorded species was Amegilla sp. Friese, 1897 (Hymenoptera: Apidae) (48.0% of the total collection) (10.0% and 38.4% in 2013 and 2014 respectively, the difference being significant; Fisher’s exact test: p<0.001) (Table 3) with 3.1% from Ph. minima flowers (1.7% and 1.5% in 2013 and 2014 respectively; the difference being not significant; Fisher’s exact test: p=0.482), and 44.9% from Se. indicum (8.3% and 36.5% in 2013 and 2014 respectively; the difference being significant in the Fisher’s exact test: p<0.001) (Table 3). The 2nd highly represented species was Ap. mellifera adansonii (Hymenoptera: Apidae) (24.8% of the total collection, 12.8% and 12.0% in 2013 and 2014 respectively, the difference being not significant; Fisher’s exact test: p=0.185) (Table 3) with 20.7% from Ph. minima flowers (12.8% and 7.9% in 2013 and 2014 respectively, the difference being significant; Fisher’s exact test: p<0.001), and 4.0% from Se. indicum recorded exclusively in 2014 (Table 3). The 3rd species was Ca. flavomarginatus (Hymenoptera: Formicidae) (12.7% of the total collection, 3.2% and 9.5% in 2013 and 2014 respectively, the difference being significant; Fisher’s exact test: p<0.001) (Table 3) with 7.5% from Ph. minima flowers (2.7% and 4.7% in 2013 and 2014 respectively; the difference being significant; Fisher’s exact test: p<0.001), and 5.2% from Se. indicum (0.5% and 4.7% in 2013 and 2014 respectively, the difference being significant in the Fisher’s exact test: p<0.001) (Table 3). The 4th species was Mu. domestica (Diptera: Muscidae) (4.1% of the total collection, 1.2% and 2.8% in 2013 and 2014 respectively; Fisher’s exact test: p<0.001) (Table 3) with 2.7% from Ph. minima flowers (1.2% and 1.4% in 2013 and 2014 respectively; the difference being not significant in the Fisher’s exact test: p=0,498), and 1.4% from Se. indicum collected exclusively in 2014 (Table 3). The 5th species was La. atricum (Hymenoptera: Halictidae) (2.4% of the total collection, 0.4% and 2.0% in 2013 and 2014 respectively; Fisher’s exact test: p<0.001) (Table 3) with 0.2% from Ph. minima flowers (0.08% and 0.17% in 2013 and 2014 respectively, the difference being not significant in the Fisher’s exact test: p=0,267), and 2.1% from Se. indicum (0.3% and 1.8% in 2013 and 2014 respectively, the difference being significant in the Fisher’s exact test: p<0.001) (Table 3). Other species were rare and were lowly represented each by less than 90 specimens (1.7%) (Table 3). The two rare species Drosophila sp. Fallén, 1823 (Diptera: Drosophilidae) and Ac. acerata (Lepidoptera: Nymphalidae) were recorded exclusively on Ph. minima flowers (Table 3). The four morph-species Thyreus sp. Panzer, 1806 (Hymenoptera: Apidae), Camponotus sp.1 Mayr, 1861 (Hymenoptera: Formicidae), Camponotus sp.2 Mayr, 1861 (Hymenoptera: Formicidae), and Thrinchostoma sp. Saussure, 1890 (Hymenoptera: Halictidae) were recorded exclusively on Se. indicum flowers (Table 3). Eleven species and morph-species were commonly recorded in both plant species: six Hymenoptera Apidae (Amegilla sp., Ap. mellifera adansonii, Braunsapis sp. Michener, 1969, Ceratina sp. Latreille, 1802, Da. staudingeri, and Me. erythra), one Hymenoptera Formicidae Ca. flavomarginatus, one Hymenoptera Halictidae La. atricum, one Hymenoptera Megachilidae Megachile sp. Latreille, 1802, one Diptera Muscidae Mu. domestica, and one Diptera Syrphidae Pa. borbonicus (Table 3). The taxa identified at the species level were native to the afrotropical region except Mu. domestica which is known as originated in the southern Palearctic region (particularly the Middle East Asia) and nowadays known as a worldwide cosmopolitan species. Four species were known as useful true pollinators (Ap. mellifera adansonii, Da. staudingeri, La. atricum, and Me. erythra) to which were added six native pollinator morph-species (Amegilla sp., Braunsapis sp., Ceratina sp., Thyreus sp., Thrinchostoma sp., and Megachile sp.), making a total of 10 useful pollinator species and morph-species (Table 3). Paragus borbonicus (Diptera: Syrphidae) was the only useful predator able to be used as a biological control auxiliary against insect pests (Table 3). Six species and morph-species were known as indirect pests for the plant through raised and protected sap-sucking insects (case of Ca. flavomarginatus, Camponotus sp.1, Camponotus sp.2) damaging fruits (case of Drosophila sp.) or leaves (case of the phytophagous Lepidoptera Ac. acerata), or causing myiasis in humans and livestock (case of Mu. domestica) (Table 3). The collected insects were mostly natives to the tropical Africa region (95.9%), exotic species being rare (4.1%) (Table 4). Moreover, they were mostly useful insects (81.0%: 80.2% pollinators and 0.8% predators) while pest insects were lowly represented (18.9%) compared to the useful insects (Table 4).
As for the comparison of average abundances, three factors were considered: year (2013 and 2014), plant species (Ph. minima, and Se. indica), and insect species (the recorded 17 insect taxa). The Three-Way ANOVA test without the most complex interaction due to the presence of multiple singleton abundances, showed no significant effect of each factor and even simple interactions on the insect occurrences. 

Table 3. Composition and absolute abundance of the flower-visiting insect species from Physalis minima (Solanaceae) and Sesamum indicum (Pedaliaceae)

	
	Physalis minima
	Sesamum indicum
	Pooled plant species

	Family
	Species and morph-species
	2013
	2014
	Total
	2013
	2014
	Total
	2013
	2014
	Total (%)

	Apidae 
	Amegilla sp. WD, TT, OW(AU, AF, AS, EU) Po
	88
	78
	166
	443
	1,940
	2,383
	531
	2,018
	2,549 (48.0)

	
	Apis mellifera adansonii Latreille, 1804 WAF, CAF, Po
	681
	420
	1,101
	-
	215
	215
	681
	635
	1,316 (24.8)

	
	Braunsapis sp. TAF , Po
	17
	21
	38
	4
	14
	18
	21
	35
	56 (1.1)

	
	Ceratina sp. TAF, Po
	12
	14
	26
	8
	23
	31
	20
	37
	57 (1.1)

	
	Dactylurina staudingeri Gribodo, 1893 WAF, CAF, Po
	18
	33
	51
	-
	39
	39
	18
	72
	90 (1.7)

	
	Meliponula erythra Schletterer, 1891 TAF, Po
	13
	23
	36
	-
	14
	14
	13
	37
	50 (0.9)

	
	Thyreus sp. OW(AU, TAF,  IM,) Po
	-
	-
	-
	2
	-
	2
	2
	-
	2 (0.04)

	Drosophilidae 
	Drosophila sp. AT, Inv(PPest)
	36
	41
	77
	-
	-
	-
	36
	41
	77 (1.4)

	Formicidae 
	Camponotus flavomarginatus Mayr, 1862 TAF, MPest
	146
	252
	398
	25
	252
	277
	171
	504
	675 (12.7)

	
	Camponotus sp.1 PT, Co, MPest
	-
	-
	-
	5
	-
	5
	5
	-
	5 (0.09)

	
	Camponotus sp.2 PT, Co, MPest
	-
	-
	-
	4
	-
	4
	4
	-
	4 (0.08)

	Halictidae 
	Lasioglossum atricum Vachal, 1903 TAF, Po
	4
	9
	13
	16
	98
	114
	20
	107
	127 (2.4)

	
	Thrinchostoma sp. AT(SAF), Po
	-
	-
	-
	3
	8
	11
	3
	8
	11 (0.2)

	Megachilidae
	Megachile sp. WD(TA, EA, EU) Co, Po
	-
	2
	2
	-
	2
	2
	-
	4
	4 (0.08)

	Muscidae
	Musca domestica Linnaeus, 1758 SP(MEA), W(Co), My
	66
	75
	141
	-
	75
	75
	66
	150
	216 (4.1)

	Nymphalidae
	Acraea acerata Hewitson, 1874 TAF, PH(Pest)
	11
	18
	29
	-
	-
	-
	11
	18
	29 (0.5)

	Syrphidae
	Paragus borbonicus Macquart, 1842 TAF, useful(Pre)
	13
	28
	41
	-
	2
	2
	13
	30
	43 (0.8)

	Total abundance n
	1,105
	1,014
	2,119
	510
	2,682
	3,192 
	1,615
	3,696 
	5,311 (100.0)

	Species richness S
	12
	13
	13
	9
	12
	15
	17
	14
	17


AT : native to the afro-tropical region; AU: strong diversity in the Australasian regions; CAF: native to the Central Africa; Co: cosmopolitan distribution (found on almost all continents except Antarctica); EA: widely distributed in the East Asia region; EU: widely distributed in the Eurasia region; IM: widely distributed in the Indomalayan region; Inv(PPest): invasive species (plant pest); My: myiasis-causing species for humans and livestock; MPest: indirect minor pest species tending sap-sucking insects; OW: originated from the Old World; PH(Pest): phytophagous insect (pest); PT: pantropical origin (found on almost every continent, including Africa, America, Asia and Australia); SAF: Sub-Saharan Africa; SP(MEA): originated in the southern Palearctic region, particularly the Middle East Asia; TAF: native to the tropical Africa; useful(Pre): useful insect (predator); WAF: West Africa origin; WD: widely distributed; TT: tropical and temperate regions; AU: major center of diversity in Australia; AF: major center of diversity in Africa; AS: major center of diversity in Asia; EU:  major center of diversity in Europe; : originated from the old world;  W(Co): worldwide (cosmopolitan) species; Po: useful pollinator species. Percentages were calculated on the total collection (5,311 specimens).

cosmopolitan, , with high diversity in East Asia for some invasive species and in Eurasia. 

Results were similar in all factors: Insect species (df=16, mean squared=108,199.0, F=1.020, p=0.554; Year: df=1, mean squared=58,456.0, F=0.551, p=0.499; Plant species: df=1, mean squared=63,321.0, F=0.597, p=0.483); Insect species-Year interaction: df=12, mean squared=55,647.0, F=0.525, p=0.826; Insect species-Plant species interaction: df=10, mean squared=113,791.0, F=1.073, p=0.517; Year-Plant species interaction: df=1, mean squared=148,609.0, F=1.401; p=0.302; Residuals: df=4, mean squared=106,087.0).

Table 4. Absolute abundance of the useful and pest flower-visiting insects from Physalis minima (Solanaceae) and Sesamum indicum (Pedaliaceae)

	
	A. Physalis minima 
	B. Sesamum indicum 
	Pooled plant species

	Species
	213
	214
	Total
	213
	214
	Total
	213
	214
	Total (%)

	A. Origin

	Natives
	1,039
	939
	1,978
	510
	2,607
	3,117
	1,549
	3,546
	5,095 (95.9)

	Exotics
	66
	75
	141
	0
	75
	75
	66
	150
	216 (4.1)

	Total
	1,105
	1,014
	2,119
	510
	2,682
	3,192
	1,615
	3,696
	5,311 (100.0)

	B. Ecological status

	Useful pollinators
	833
	600
	1,433
	476
	2,353
	2,829
	1,309
	2,953
	4,262 (80.2)

	Useful predators
	13
	28
	41
	-
	2
	2
	13
	30
	43 (0.8)

	Pest species
	259
	386
	645
	34
	327
	361
	293
	713
	1,006 (18.9)

	Total
	1,105
	1,014
	2,119
	510
	2,682
	3,192
	1,615
	3,696
	5,311 (100.0)


The normality test failed in the abundance distribution (Shapiro-Wilk test: W = 0.383, p<0.001), justifying the non-parametric Kruskal-Wallis test which showed a significant variation in the “insect species” factor (chi-squared=36.337, df=16, p=0.003) and not significant variation in “year” factor (chi-squared=2.3188, df=1, p=0.128) as well as in “plant species” factor (chi-squared=1.394, df=1, p=0.238). Dunn’s post-hoc comparisons in “insect species” factor showed several significant unadjusted probabilities between abundant insect species and rare ones, all closed to 0.05 (0.02 to 0.04), and unfortunately they were not confirmed by adjusted probabilities using the available adjusted procedures (Bonferroni, Šidák, Holm, Hochberg, Hommel, Benjamini-Hochberg BH/FDR, and Benjamini-Yekutieli BY); This embarrassing situation was certainly due to the small size of the sample, and it suggested that there was a trend, but the adjustment for multiple comparisons tipped it towards the "not significant" variation.

3.2. Species richness and diversity

In each plant species and each cultivation campaign, a low species richness was recorded (richness ratio closed to 0), attested by the low values of the Margalef index (Table 5A). The non-parametric estimation of the “true” species richness showed maximal sampling efforts in all cases, suggesting that no rare species escaped during the collection sessions (Table 5A). The rarefaction curves reached the saturation plateau in all cases, suggesting that the collections were highly representative of each assemblage (Figure 1). The collection in 2013 from Se. indicum flowers exhibited the lowest species richness (its curve being below all the other curves), while the one collected during the same year from the flowers of the combined two plant species exhibited the highest species richness (its curve being above all the other curves), and the other assemblages showed intermediate species richness between the two extremes (Figure 1). Thus, a standard sample of 501 insect specimens corresponded to S=12±0 species on Ph. minima flowers in 2013, S=13±0 species in 2014 on flowers of the same plant species, and S=12±1 species for the cumulative total of the two years (Figure 1) On Se. indicum flowers the same standard sample of 501 insect specimens corresponded to S=9±0 species in 2013, S=10±1 species in 2014, S=12±1 species for the cumulative total of the two years (Figure 1). On the cumulative total of the two plant species the same standard sample of 501 insect specimens corresponded to S=15±1 species in 2013, S=13±1 species in 2014 and S=14±1 species for the cumulative total of the two years (Figure 1). A median level of the species diversity was noted in all cases (Table 5B). Assemblages from Ph. minima and the ones from the pooled plant species, showed a median level of the dominance (Berger-Parker index close to 0.5) (Table 5C). 
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Fig. 3. The species rarefaction curves showed the low species richness in 2013 from Sesamum indicum flowers and the high species richness in the same year from the pooled plant species

Assemblages from Se. indicum presented a high level of the dominance (Berger-Parker index very closed to 1) (Table 5C). Assemblages were in all cases of a median level of the evenness except assemblages from Se. indicum in 2013 and in the pooled years where they were lowly even and values of the equitability index N2/N1 were high in all cases (>0.6), suggesting that "dominant" diversity (N2) represented approximately more than 60% of "abundant" diversity (N1), a typical score for a relatively diverse assemblage, where a few species are beginning to exert a certain dominance (Table 5D). 

3.3. Adjustment to the theoretical models and assemblage functioning 

The fit to a theoretical model was of poor quality in 2013 for the assemblage from Ph. minima flowers (Pearson correlation: r=-0.937), for the cumulative total of two years on flowers of the same plant (r=-0.940), and in the 2013 assemblage from Se. indicum flowers (r=-0.872). The fit was of an approximate quality in 2014 for the assemblage from flowers of the same plant (r=-0.950), for the cumulative total of both plant species in 2013 (r=-0.952) and 2014 (r=-0.960). The fit was of a satisfactory quality in 2014 on Se. indicum flowers, the cumulative total of two years on flowers of the same plant (r=-0.974), and for the cumulative total of both years and both plant species (r=-0.975). Wittaker's rank-frequency diagrams each exhibited a strongly concave shape of the species abundance distributions (SADs) reminiscent of Fisher's distributions and indicating the dominance of these assemblages by a few species (Figure 2). 
In the pooled plant species, the flower-visiting insect assemblage best fitted the Zipf-Mandelbrot (ZM) theoretical model in the pooled campaigns (Figures 2A) in 2013 cultivation campaign (Figures 2B) as well as in 2014 one (Figures 2C), with in each case, high values of β(bêta) and γ(gamma) parameters (high level of the predictability) and low values of the fractal dimension 1/γ (the fractal dimension allows the characterization of the structural complexity of species hierarchy in evolved ecosystems), suggesting lowly organized systems with low interactions among species as the case in pioneer species assemblages from disturbed environments. The β(beta) parameter is often called the "pre-aiming" or "curiosity" parameter, which modifies the shape of the curve for the most dominant species (the top ranks) and if β(bêta) is high (our situation), the curve becomes "flattened" at the top, the top species (ranks 1, 2, 3) having fairly similar abundances before the decline (gamma parameter) really begins. This indicates shared competition among the leaders. In ecology, β(bêta) parameter reflects the diversity of available niches and a high value suggests that the environment possesses abundant initial resources, allowing several species to coexist at the top of the hierarchy, suggesting that within the assemblage, a small group of species (co-dominants) shares the available resources, completely excluding all other species. In short, β(bêta) parameter determines whether the top of the hierarchy within the assemblage is sharp (a single dominant species) or flat (a small group of co-dominants) exist.

Table 5. Species richness and diversity indices of the flower-visiting insects

	
	Physalis minima
	Sesamum indicum
	Pooled plant species

	
	2013 
	2014 
	Total 
	2013 
	2014 
	Total 
	2013 
	2014 
	Total 

	A. Species richness

	Total number of specimens n
	1,105
	1,014
	2,119
	510
	2,682
	3,192
	1,615
	3,696
	5,311

	Maximum abundance nmax
	681
	420
	1,101
	443
	1,940
	2,383
	681
	2,018
	2,549

	Number of taxa S
	12
	13
	13
	9
	12
	15
	16
	14
	17

	Margalef Mg=(S-1)/ln(n)
	1.570
	1.734
	1.567
	1.283
	1.393
	1.735
	2.031
	1.582
	1.865

	Richness ratio d=S/n
	0.011
	0.013
	0.006
	0.018
	0.004
	0.005
	0.010
	0.004
	0.003

	True species richness Chao-1
	12
	13
	13
	9
	12
	15
	16
	14
	17

	SE=(S/Chao-1)100
	100.0
	100.0
	100.0
	100.0
	100.0
	100.0
	100.0
	100.0
	100.0

	B. Species diversity

	Shannon-Weaver index H’
	1.398
	1.792
	1.612
	0.617
	1.065
	1.023
	1.563
	1.486
	1.551

	H’max=ln(S)
	2.485
	2.565
	2.565
	2.197
	2.485
	2.708
	2.773
	2.639
	2.833

	Simpson’s index D
	0.409
	0.250
	0.319
	0.758
	0.541
	0.572
	0.300
	0.350
	0.311

	C. Dominance index

	IBP=nmax/n
	0.616
	0.414
	0.520
	0.869
	0.723
	0.747
	0.422
	0.546
	0.480

	N1=eH’
	4
	6
	5
	2
	3
	3
	5
	4
	5

	N2=1/D
	2
	4
	3
	1
	2
	2
	3
	3
	3

	Observed rare species S-N1 
	8
	7
	8
	7
	9
	12
	11
	10
	12

	D. Evenness index 

	Pielou’s index J= H’/ H’max
	0.563
	0.699
	0.629
	0.281
	0.429
	0.378
	0.564
	0.563
	0.548

	Equitability index N2/N1
	0.603
	0.667
	0.625
	0.711
	0.637
	0.629
	0.698
	0.647
	0.682


H’max = maximum value of the Shannon-Weaver index; IBP: Berger-Parker dominance index; N1: Hill's first order diversity number (estimated number of the simply abundant species); N2: Hill's second order diversity number (estimated number of the co-dominant species); SE: Sampling effort.

The γ(gamma) parameter of the ZM theoretical model represents the predictability or stability of the community structure. For many natural communities, the γ(gamma) parameter is often between 0.8 and 1.2, and a high γ(gamma) (our situation) is characterized by strong inequality in the SADs, indicating assemblages dominated by one or very few species, with a rapid decline in abundance for the others (lowly diverse pioneer assemblages). The γ(gamma) value is often negatively correlated with Pielou's evenness J (when diversity increases, it decreases). The γ(gamma) values (all >2 in our situation) indicated extremely steep slopes. This means either hyper-dominance of the assemblage (only one or two species capture almost all the resources or space), or extreme rarity (lower-ranking species, i.e. the least common ones, see their abundance drop drastically compared to the dominant species), or low diversity/evenness (the environment is probably very selective, stressed, or recently disturbed, favoring a handful of ultra-dominant species at the expense of overall diversity). The fractal dimension 1/γ measures how a structure (here, the distribution of species) occupies the "space of possibilities". For low values (close to 0), the structure was sparse and fragmented, and the space was dominated by a few species, leaving large gaps. Low values in our situation confirmed that the assemblages presented a very "simple" fractal structure, where a single force (or species) dominates everything else. Based on the Hill’s second order diversity number (Table 5C) and the rank-frequency diagrams (Figures 2) the three co-dominant species identified in the pooled plant species and the pooled years (Figures 2A) as well as in 2013 cultivation campaign (Figures 2B) and the one in 2014 (Figures 2C) were two Apidae (Amegilla sp. and Ap. mellifera adansonii), and the Formicidae Ca. flavomarginatus.
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Fig. 4. Wittaker’s Rank-frequency diagrams of the collected insects in the pooled plant species and the pooled campaigns (A), in 2013 (B) and 2014 (C), showing species in decreasing order of numerical dominance. 

Table 6. Values of the Akaike Information Criteria (AIC) and the Bayesian Information Criteria (BIC) for the adjusted theoretical models of the species abundance distributions (SADs) in the flower-visiting insects from Physalis minimum (Solanaceae) and Sesamum indicum (Pedaliaceae).

	
	2013 cultivation campaign
	2014 cultivation campaign
	Pooled years

	
	Deviance
	AIC
	BIC
	Deviance
	AIC
	BIC
	Deviance
	AIC
	BIC

	A. Physalis minima

	BS
	679.23
	742.29
	742.29
	270.23
	339.67
	339.67
	921.47
	997.63
	997.63

	LL
	242.47
	307.53
	308.02
	109.27
	180.71
	181.27
	316.86
	395.03
	395.60

	LN
	64.57
	131.63
	132.60
	49.32
	122.76
	123.89
	61.31
	141.48
	142.61

	Z
	18.18
	85.24 *
	86.21
	57.37
	130.80
	131.93
	38.60
	118.76 *
	119.89

	ZM
	18.18
	87.24
	88.70
	36.33
	111.8 *
	113.46
	38.59
	120.76
	122.45

	B. Sesamum indicum

	BS
	683.96
	721.14
	721.14
	2,713.25
	2,778.5
	2,778.45
	4,288.40
	4,364.27
	4,364.27

	LL
	167.80
	206.98
	207.17
	562.77
	629.96
	630.45
	830.56
	908.43
	909.14

	LN
	76.87
	118.04
	118.43
	123.79
	192.99
	193.96
	146.84
	226.70
	228.12

	Z
	31.12
	72.30 *
	72.69
	107.09
	176.3 *
	177.26
	116.89
	196.76 *
	198.18

	ZM
	31.12
	74.30
	74.89
	107.09
	178.29
	179.74
	116.89
	198.76
	200.88

	C. Pooled plant species

	BS
	1,166.07
	1,245.7
	1,245.7
	2,363.52
	2,447.9
	2,447.9
	4,061.62
	4,160.29
	4,160.29

	LL
	232.97
	314.63
	315.40
	466.32
	552.65
	553.29
	494.73
	595.40
	596.23

	LN
	260.09
	343.75
	345.29
	142.37
	230.69
	231.97
	350.42
	453.09
	454.76

	Z
	306.58
	390.24
	391.78
	178.99
	267.31
	268.59
	545.82
	648.49
	650.15

	ZM
	141.54
	227.2 *
	229.52
	110.61
	200.9 *
	202.85
	166.39
	271.06 *
	273.56


AIC: Akaike Information Criteria; BIC: Bayesian Information Criteria; BS: MacArthur’s broken-Stick theoretical model; LL: Motomura’s log-linear nomocenosis model; LN: Preston’s lognormal nomocenosis model; Z: Zipf’s theoretical model; ZM; Zipf-Mandelbrot’s theoretical model; *: the best fitted theoretical model. Selected model are in bold.

In Ph. minima, the flower-visiting insect assemblage best fitted the Zipf model (Z) in the pooled cultivation campaigns (Figures 3A) and in 2013 (Figures 3B) with in each case a high value of the β(bêta) parameter, while the ZM model with high values of β(bêta), γ(gamma) parameters and a low value of the fractal dimension was noted in 2014 cultivation campaign (Figures 3C). In community ecology, the β(bêta) parameter of the Zipf's model is an indicator of niche diversity and structure, as it represents the slope of the relationship between a species' abundance and its rank in the community. For niche diversification, the parameter reflects how species share resources. A high value indicates a distribution where a few species strongly dominate (pioneer assemblage in disturbed environment), while a low value suggests a more equitable sharing of resources among species. The β(bêta)>1 (our situation) represents a high value and therefore a fairly steep slope. The community is dominated by a very small number of ultra-abundant species, and the population decline towards the next most abundant species is abrupt. This can indicate a disturbed or highly selective environment. In short, an increase in beta generally signifies a loss of evenness and a concentration of biomass or individuals on a few dominant species. The β(bêta)>1 indicates that the environment is rich in high-quality niches and that several species share these niches at the top of the hierarchy, rather than a single species. Moderate values (1≤β≤2) were observed in the present study, indicating a curved shape at the top of the Whittaker diagram, and a standard competition among leaders. Based on the Hill’s second order diversity number (Table 5C) and the rank-frequency diagrams (Figures 3) the co-dominant species identified in the pooled cultivation campaigns were the two Apidae (Amegilla sp. and Ap. mellifera adansonii), and the Formicidae Ca. flavomarginatus. In 2013, two co-dominants were recorded (Ap. mellifera adansonii and Ca. flavomarginatus) while in 2014, four co-dominants were recorded (Amegilla sp., Ap. mellifera adansonii, Ca. flavomarginatus and the Diptera Mu. domestica).

Fig. 5. Wittaker’s Rank-frequency diagrams of the insects on Physalis minima flowers in the pooled cultivation campaigns (A), in 2013 (B) and 2014 (C), showing species in decreasing order of numerical dominance.

Fig. 6. Wittaker’s rank-frequency diagrams of the insects on Sesamum indicum flowers in the pooled cultivation campaigns (A), in 2013 (B) and 2014 (C), showing species in decreasing order of numerical dominance. SAD: Species Abundance Distribution

In Se. indicum, the insect assemblage best fitted Zipf model (Z) in the pooled cultivation campaigns (Figures 4A), in 2013 (Figures 4B) as well as in 2014 (Figures 4C) with in each case a high value of the β(bêta) parameter, suggesting a similar interpretation as the above presented case. Based on the Hill’s second order diversity number (Table 5C) and the rank-frequency diagrams (Figures 4) the co-dominants were Amegilla sp. and Ca. flavomarginatus. In 2013, the assemblage was dominated by Amegilla sp. while in 2014, Amegilla sp., and Ca. flavomarginatus were noted.
3.4. Correlation between flower-visiting insects 

The significant correlations were all positive, suggesting a mutual attraction between these insect species (Table 7). Significant correlations revealed four groups of insects that tolerated each other. In the 1st group, Ac. acerata (Lepidoptera: Nymphalidae) tolerated Braunsapis sp. (Hymenoptera: Apidae), Drosophila sp. (Diptera: Drosophilidae), and Pa. borbonicus (Diptera: Syrphidae) (Table 7). Braunsapis sp., in turn, tolerated Drosophila sp. and Pa. borbonicus (Table 7). In the 2nd group, Amegilla sp. (Hymenoptera: Apidae) tolerated Thrinchostoma sp. (Hymenoptera: Halictidae) (Table 7). In the 3rd group, Ca. flavomarginatus (Hymenoptera: Formicidae) tolerated five species Ceratina sp. (Hymenoptera: Apidae), Da. staudingeri (Hymenoptera: Apidae), Megachile sp. (Hymenoptera: Megachilidae), Me. erythra (Hymenoptera: Apidae), and Mu. domestica (Dipytera: Muscidae) (Table 7). Ceratina sp. in turn, tolerated Da. staudingeri and Mu. domestica (Table 7). Dactylurina staudingeri, in turn, tolerated Mu. domestica, and Mu. domestica, in turn, tolerated Me. Erythra (Table 7). The 4th group consisted of the two Hymenoptera Formicidae Camponotus sp. 1 and Camponotus sp. 2, and the Hymenoptera Apidae Thyreus sp., which tolerated each other (Table 7). Other correlations were not significant, certainly due to the small size sample.

Table 7. Significant Kendall’s tau correlation coefficient between the flower-visiting insects.

	Species 1
	Species 2
	Kendall’s tau τ
	p-value

	Acraea acerata 
	Braunsapis sp. 
	0.949
	0.020 *

	
	Drosophila sp. 
	1.000
	0.014 *

	
	Paragus borbonicus 
	0.949
	0.020 *

	Amegilla sp.
	Thrinchostoma sp. 
	0.837
	0.040 *

	Braunsapis sp. 
	Drosophila sp. 
	0.949
	0.020 *

	
	Paragus borbonicus
	1.000
	0.014 *

	Camponotus flavomarginatus
	Ceratina sp. 
	0.949
	0.020 *

	
	Dactylurina staudingeri
	0.949
	0.020 *

	
	Megachile sp. 
	0.817
	0.046 *

	
	Meliponula erythra
	0.949
	0.020 *

	
	Musca domestica
	1.000
	0.014 *

	Camponotus sp.1 
	Camponotus sp.2 
	1.000
	0.014 *

	
	Thyreus sp. 
	1.000
	0.014 *

	Camponotus sp.2
	Thyreus sp. 
	1.000
	0.014 *

	Ceratina sp. 
	Dactylurina staudingeri
	1.000
	0.014 *

	
	Musca domestica
	0.949
	0.020 *

	Dactylurina staudingeri
	Musca domestica
	0.949
	0.020 *

	Meliponula erythra
	Musca domestica
	0.949
	0.020 *


*: significant correlation (p<0.05)
4. Discussion 

The study of floral visitors on Physalis minima L. (1753) (Solanales: Solanaceae) and Sesamum indicum L. (1753) (Scrophulariales: Pedaliaceae) in Macha (Bambui) reveals a complex and structured entomofauna, providing essential insights into the pollination dynamics of the North-West Region of Cameroon.

Assemblage composition

The entomofauna visiting Se. indicum and Ph. minima in Macha is characterized by a high taxonomic diversity, dominated by the Apidae family (41.2%). This dominance of Hymenoptera is consistent with previous studies on tropical agro-ecosystems, where bees are often the primary floral visitors due to their high energy requirements and specialized foraging structures (Michener, 2007; Winfree et al., 2008).The significant prevalence of Amegilla sp. (Hymenoptera: Apidae) (48.0%) and Apis mellifera adansonii (Hymenoptera: Apidae) (24.8%) underscores their role as the main functional components of this pollination network. However, our results reveal a clear niche partitioning between the two plant species. While Amegilla sp. showed a marked preference for Se. indicum (44.9% of visits), A. m. adansonii was predominantly recorded on Ph. minima (20.7%). This segregation likely stems from the contrasting floral morphologies: the deep tubular corolla of Sesame requires large-bodied, powerful fliers like Amegilla capable of "buzz pollination" or forceful entry (Andrade et al., 2014), whereas the more accessible, pendulous flowers of Physalis are easily exploited by the generalist honeybee (Sullivan, 1984).

The significant inter-annual variation observed for several species suggests that insect recruitment is highly sensitive to local environmental fluctuations and resource availability (Winfree et al., 2011; Potts et al., 2016). This is particularly true in fragmented landscapes where pollinators must constantly adapt their foraging patterns to the most rewarding floral patches (Kremen et al., 2007). Despite these variations, the presence of 11 common taxa visiting both plants indicates a degree of "floral linkage" in the landscape. Physalis minima, although often considered a weed, acts as a crucial biodiversity reservoir by supporting 80.2% of useful pollinators and providing alternative resources for species like A. m. adansonii and Mu. domestica. Such spontaneous flora ensures the temporal continuity of floral resources, maintaining pollinator populations within the agro-ecosystem even during periods of low crop attractiveness (Winfree et al., 2008).

From an agro-ecological perspective, the presence of Paragus borbonicus ((Diptera: Syrphidae) ) on both taxa is noteworthy. As a predator of sap-sucking pests, its occurrence suggests that Ph. minima may serve as a refuge plant for biological control agents, potentially enhancing the pest regulation service for the neighboring Sesame crop (Asiwe, 2009). However, the presence of Camponotus species and Acraea acerata (Lepidoptera: Nymphalidae) highlights a trade-off, as these plants also support potential indirect pests.

Species richness and diversity

The results indicate that while the overall insect community is diverse, the species richness within each specific plant-year assemblage is relatively low, as evidenced by the Margalef index values and the low richness ratio. This pattern is typical of agro-ecosystems under anthropogenic pressure, where a few dominant taxa often perform the bulk of the pollination service (Kleijn et al., 2015; Potts et al., 2016). However, the rarefaction curves reaching a saturation plateau, coupled with the non-parametric estimators of "true" richness, confirm that our sampling effort was exhaustive. This suggests that the recorded assemblages, though specialized, were fully captured during the 2013 and 2014 campaigns.  

A key finding is the marked difference in dominance levels between the two host plants. The high Berger-Parker index (close to 1) for Se. indicum reflects a highly skewed distribution where a few species, particularly Amegilla sp., exert strong dominance. This high dominance often characterizes specialized pollination systems where floral morphology acts as a selective filter, restricting access to a limited number of efficient visitors (Andrade et al., 2014). In contrast, the median dominance observed on P. minima suggests a more balanced partitioning of resources, typical of generalist "weed" species that support a broader array of floral visitors (Winfree et al., 2008).

The equitability index (N2/N1 > 0.6) across most assemblages indicates that "dominant" diversity represents a significant portion of the "abundant" diversity. This suggests that even in these relatively low-richness environments, the communities are not entirely collapsed but are instead structured around a stable core of frequent visitors (Hanski, 1982; Bascompte & Jordano, 2007). The fact that the highest species richness was recorded when pooling both plant species (2013) reinforces the coexistence of a crop (Se. indicum) and a spontaneous herb (Ph. minima) creating a more complex floral landscape that supports a higher total biodiversity than either plant alone (Asiwe, 2009).

Finally, the low evenness recorded for Se. indicum in 2013 and for the pooled years further highlights the specialized nature of its entomofauna. In the highlands of North-West Cameroon, preserving such heterogeneous floral resources appears essential to maintain a resilient pool of pollinators capable of ensuring ecosystem stability (Tscharntke et al., 2012; Garibaldi et al., 2011). Such landscape-level management is vital for the long-term sustainability of subsistence agriculture in the region (Asiwe, 2009).

Community Structure and Assemblage Functioning

The application of rank-frequency models like specifically the Zipf (Z) and Zipf-Mandelbrot (ZM) models provides deep insights into the ecological organization of the floral visitors in Macha. The generally high fit to these models (r > 0.95 in most cases) and the concave shape of the Whittaker diagrams indicate that these assemblages are not randomly organized but are governed by specific niche-partitioning rules (Wilson, 1991).

The consistent fit to the Zipf-Mandelbrot model for the pooled assemblages, characterized by high values of the β (beta) and γ (gamma) parameters, suggests a "pioneer-like" system. In ecology, high β values signify a "flattened" hierarchy at the top, where a small group of co-dominant species namely Amegilla sp., Apis mellifera adansonii, and Camponotus flavomarginatus, effectively share the most productive niches. This "standard competition among leaders" (Zipf, 1965) implies that no single species is yet able to monopolize all floral resources, possibly due to the different floral architectures (Wilson, 1991; Stang et al., 2006) of Ph. minima and Se. indicum   which distribute the competitive advantage. Such a distribution is typical of stable mutualistic networks where niche partitioning ensures that multiple dominant taxa can coexist (Bascompte & Jordano, 2007).

However, the high γ values (>2) and the low fractal dimension (1/γ) reveal an underlying structural simplicity and high inequality. Such steep slopes in species abundance distributions (SADs) are typical of disturbed or stressed environments where anthropogenic pressure (as noted in the Bambui area) favors a handful of "ultra-dominant" generalists at the expense of rare species (Frontier, 1985). The low fractal dimension confirms that the "space of possibilities" for species coexistence is restricted, likely due to the simplification of the landscape.

Interestingly, Se. indicum assemblages consistently followed the Zipf model, reflecting a more rigid hierarchy dominated by Amegilla sp. This suggests that the specialized zygomorphic flowers of sesame act as a strong ecological filter, reinforcing the dominance of specialized bees (Andrade et al., 2014). Conversely, the shift observed in Ph. minima (fitting ZM in 2014) indicates a more complex and dynamic sharing of resources, allowing a larger group of co-dominants (including Musca domestica) to coexist.

Correlation between flower-visiting insects 

The analysis of interspecific correlations provides a window into the behavioral dynamics and "assembly rules" of the insect communities at Macha. The fact that all significant correlations were positive is a major finding; it suggests a lack of aggressive exclusion and a high level of niche overlap or mutual attraction to high-quality floral resources (Rathcke, 1983; Thomson, 1981; Potts et al., 2016). This behavioral tolerance indicates that the floral rewards provided by Ph. minima and Se. indicum are sufficiently abundant to allow for co-foraging without significant competitive interference (Kandori, 2002; Bascompte & Jordano, 2007).

The identification of four distinct groups of "tolerant" insects highlights different ecological strategies:

Group 1 (Lepidoptera, Diptera, and small Apidae): The positive correlation between Ac. acerata, Drosophila sp., and Pa. Borbonicus reflects a "generalist cluster." These species likely exploit the same easily accessible resources without significant interference, a common trait in low-energy or non-aggressive floral visitors (Winfree et al., 2008).

Group 2 (Amegilla sp. and Thrinchostoma sp.): The tolerance between these two taxa is particularly interesting as both are efficient, large-bodied fliers. This suggests that the high reward offered by Se. indicum is sufficient to allow co-foraging without competitive displacement (Andrade et al., 2014).

Group 3 (The Formicidae-Apidae-Muscidae complex): The most complex group, centered around Ca. flavomarginatus, indicates a high degree of "social tolerance." The presence of ants (Camponotus) often deter other insects, but here, their positive correlation with Da. staudingeri and Me. erythra suggests that these stingless bees and ants may have synchronized activity patterns or occupy different parts of the plant (e.g., ants on extrafloral nectaries and bees on flowers) to avoid direct conflict (Asiwe, 2009).

Group 4 (Specialized Hymenoptera): The grouping of Thyreus sp. with other Camponotus species, recorded exclusively on Se. indicum, further reinforces the idea that Sesame acts as a specialized hub where specific taxa are forced to coexist due to the high quality of the resource.

These positive correlations suggest that the floral resources in Macha are not yet a limiting factor triggering open hostility. Instead, the community functions as a synergistic network where different taxa "partition" the floral space. This behavioral tolerance is a key factor in maintaining high pollination efficiency, as it allows multiple species to visit the same plants throughout the day.
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