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ABSTRACT 
	Aims: Flower-visiting activity in honeybees was compared to that of Xylocopa olivacea on cowpea and sesame.
Study design:  Daily activity, weekly activity, floral products and bee behavior were recorded.
Place and Duration of Study: Field records (May to July 2016 and 2017) were conducted in Obala Higher Institute of Agriculture and Management campus (Bilone, Obala-Cameroon).
Methodology:Thirty neighboring experimental plots (6x5.5 m each) were delimited each year (15 for sesame and cowpea respectively). Bee foragers came naturally from the station During the flowering period, in each year, day, plot and each plant species, two plants were randomly selected. Blooming flowers were checked from 1st to 14th. Daily activity was recorded each day from 6-7 a.m. to 4-5 p.m.. Foragers were counted, collected floral products were identified; collection behavior and duration were recorded as well as air temperature and humidity. 
Results:Bee occurrences could be predicted using a linear combination of bee, plant, and air temperature. Flowers were visited from 2nd flowering day, ceased at 12th day (peak in 6th and 7th day). Daily activity started in sun shining mornings (8-9 a.m.) and stopped at 4-5 p.m., with a slight shift in activity peaks (honeybee:9-10 a.m.; Xy. olivacea: 11 a.m.-12 p.m.). Bees behaved similarly and collected nectar and pollen, with nectar collection lasting longer than pollen, which was in turn, longer in Xy. olivacea on cowpea than honeybee on sesame. Honeybees were interrupted by honeybees, Xy. olivacea and Megachile sp., and Ascalaphus africanus (Neuroptera: Ascalapidae). As for Xy. olivacea, visits were interrupted by Xy. olivacea, honeybees and As. africanus. Honeybeeactivity was not correlated with the climatic conditions while Xy. olivacea occurrence was positively correlated with air humidity.
Conclusion:Sesame more attracted honeybees and cowpea more attracted Xy. olivacea, suggesting a probable difference in quality and/or quantity in floral products.
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1. INTRODUCTION 
Insects in general collect on flowering plants nectar and pollen (Djonwangwe et al., 2017; Pharaon Mbianda et al., 2019, 2025a, 2025b), water and sometimes resin (Abou-Shaara, 2014) and on rare occasions, wax from scale insects (Dimou & Thrasyvoulou, 2007). Availability depends on the width and depth of the corolla, the released attractive scent (Bloch et al., 2017) and the prevailing metrological conditions (air temperature, humidity and sunshine) (Al-Qarni, 2006; Kumar & Giri, 2022). During foraging, bees contribute to the pollination of roughly 85% of Angiosperms and 33% of crops produced-insects and then they have a major role in the ecosystem services (Fayet, 2016).The main diurnal pollinators are Apoids (honeybees, wild bees and bumblebees) (Fayet, 2016). Bees adapt their foraging activity to the period or hours of the flowers’ opening (Bloch et al., 2017). Honeybees generally start foraging at around6 a.m. or 8 a.m. and stop around 4.30 p.m., with the peak between 11.00 a.m. and 12.00 p.m.(Al-Qarni, 2006; Bloch et al., 2017; Kumar & Giri, 2022; Kumar &Giri, 2022)(Tchuenguem Fohouo et al., 2014). Honeybeeand carpenter bees have beenwidely studied on cowpea in Ghana and Cameroon (Hordzi, 2024;Pharaon Mbianda et al., 2019, 2025b), on onion in India (Kumar & Giri, 2022), on sesame in Brazil and Cameroon (Andrade et al. 2014; Otiobo Atibita et al., 2016; Pharaon Mbianda et al., 2025a), on wild plants or cultivated market garden plants in several countries (Al-Qarni, 2006; Pernal & Currie, 2010; Abou-Shaara, 2014; Abdel-Galel et al., 2021). Honeybees form populous colonies (about 10,300 to 30,700 adults per colony) inhabiting large hives (Grant et al., 2021) whilecarpenter bees form less populous small size nests containingone to three adults (Prashantha & Belavadi, 2017) or up to seven adults(Hongjamrassilp & Warrit, 2014), with in Cameroon only one adult in natural nests and two to seven adults in artificial nests (Tchuenguemn Fohouo et al., 2014).Under natural conditions,nests of carpenter bees are pre-existing cavities (hollow stems) or excavated cavities in dead or decaying woods or dug in fresh wood (Tchuenguem Fohouo et al., 2014), except the subgenus Proxylocopa Hedicke, 1938 which excavates nests in the soil (Gottlieb et al. 2005; Dar et al., 2016). Xylocopa bees mostly show solitary habit (except few species that tolerate a few co-species in their nests) and they do not produce honey (Tchuenguem Fohouo et al., 2014; Otiobo Atibita et al., 2016; Djonwangwe et al., 2017;Lazaridi et al., 2023). During the flowering period, bisexual and autogamous flowers of cowpea and sesame were opened, allowing easy access to the floral products (Andrade et al. 2014; Abebe et al., 2022). Cowpea (native to South Africa) and sesame (native to India) are mostly cultivated herbaceous annual seed legumes (Girmay, 2018; Owade et al., 2020; Abebe et al., 2022; PROTA, 2024). Their bisexual hermaphroditeflowers progressively appear during the reproductive period of plants, initiating opening between 6:00 and 6:30 a.m. and closing between 11:30 a.m. and 12:00 p.m. or earlier when the weather is hot and dry compared to when the weather is cold and humid (Ige et al., 2011;Andrade et al., 2014). The pollinator potential of honeybeesand carpenter beeshas been widely reported in Africa on market garden plants. In Cameroon, available scattered reportsfrom Sudano-Sahelian environment on cowpea (Djonwangwe et al., 2017) and Cajanus plants (Tchuenguem Fohouo et al., 2014), and reports from North-West and Centre Regions on cowpea and sesame (Otiobo Atibita et al., 2016; Pharaon Mbianda et al., 2025a), concern the biodiversity and the yield production impactof the flower-visiting insects. But no comparative study exists concerning the rhythm of foraging activity in the two bee species. The purpose of the present study is to fill the gap of information by comparing their foraging rhythm of activity, thedisruption causes of foraging, and the correlation with climatic parameters. Works should make it possible to identify the best pollinator for each plant species.

2. material and methods 
2.1. Study Site
The study was carried from May to June 2016 and 2017 at Bilone agro-ecological farm (4°10'19.48"N, 11°30'06.53"E; 554 ma.s.l.; northwest of Obala-Cameroon)(Fig. 1). The locality presents a mosaic of fallows, home gardens, and cocoa plantations (Djimarbeye et al., 2024). The prevailing climate is Guinean equatorial savannah type with four seasons: a short rainy (mid-March to mid-July), a short dry (mid-July to mid-August), a long rainy (mid-August to mid-November) and a long dry (mid-November to mid-March of the following year) (Djimarbeye et al., 2024). Air temperature varies from 20°C in the rainy season to 35°C in the dry season (average: 23.5°C). The hottest month is March (maximum: 31°C; minimum: 22°C), and the average precipitation is 831.7 mm. Soils are ferralitic, thick, homogeneous in appearance on which uneven vegetation develops. 

2.2. Experimental Device and Procedure 
Field investigations were carried out in 2016 and repeated in 2017. Experimental neighboring plots (30 each year) were of similar dimensions (6x5.5 m each), surrounding by other market gardening plots, and old fallows. Seeds were from Institute of Agricultural Research for Development (IRAD/ARID) (Nkolbisson, Yaounde-Cameroon). After the first rains (mid-March of each year), plots were cleared; and ploughed.Plots (15 for sesame white and smooth variety and 15 other for cowpea small and brown variety) were separated from each other by a two meters wide path and from neighboring fallows by a two-meter safety space. In each plot, sowing was in rows (five per plot) and seeds were sown in pockets (10 to 14 seeds per pocket). Spacing was 100 cm on the lines and between lines.




























Fig. 1. Localization map of the study site. 
A: Centre Region in Cameroon (Djimarbeye et al., 2024); B: Lekie department in the Centre Region (Pharaon Mbianda et al., 2025a, 2025b); C: Obala in the Lekie Department (Pharaon Mbianda et al., 2025a, 2025b); D: Distance from Obala to the Bilone agro ecological farm; E: study site at Bilone agro ecological farm (Google Earth Pro for windows version 7.3.4.8642; Pharaon Mbianda et al., 2025a, 2025b). 

Two weeks after emergence, weeding was done and two plants (most vigorous ones) were kept per pocket. From emergence (end of March) to the opening of the first flowers (mid-May each year), weeding operations were carried out regularly twice every two weeks. From the start of the flowering period (mid-May each year) to fruit maturity (end of June each year), manual weeding was regularly carried out. Six honeybee hives were 20 to 24 m away from experimental plots. During the flowering period, in each plotand each day, two plants were randomly selected, on which blooming flowers were checked (390 from 1stto 14thday: 30 per day in sesame and cowpea respectively).

2.3. Identifications, Activity Rhythm, Climatic parameters, Collected Products 
Sesame and cowpea flowers were monitored during two weeks (from 1st flowering day to 14th day) in 2016 and 2017 (the week of early blooming stage and the first week of mid bloom stage). Monitoring sessions were conducted from May to July of each year and consecutive session days were separated by two days. In each day and year, blooming flowers were checked during from 6-7 a.m. to 4-5 p.m. during five consecutive days. Air temperature and humidity were recorded each day using a portable electronic hygrothermometer suspended one meter above the ground, at the centre of each plot. Apis mellifera and Xy. olivaceawere counted on blooming flowers of Se. indicum and cowpea.Thecollected floral products were identified in-situ, collecting behavior was described, and the duration was recorded using a portable chronometer. Bees came naturally from the environment. Visited plants were identified in-situ and confirmed in the Laboratory. Identification ofinsectspecimens was confirmed in Laboratory using keys of Eardley et al. (2010), Zettler et al. (2016), checklists, catalogues and websites (Carpenter, 2008; Oyerinde, 2017; Madl, 2020). Plants were identified by botanists from the Laboratory of Applied Zoology, Department of Biological Sciences, Faculty of Science, University of Ngaoundere where voucher specimens were deposited.

2.4. Data Analysis
Data matrixes of absolute and relative abundances (from the overall total number of specimens) were constructed using an excel spreadsheet version 2016. Dichotomous factors were bees (coded as 1 for honeybeesand 2 for carpenter bees), plant (coded as 1 for sesame and 2 for cowpea), years (coded as 1 for 2016 and 2 for 2017). Ordinal factors were days (coded as 1 to 14 for first blooming days), and time (coded as 1 to 11 for 6-7 a.m. to 4-5 p.m. time slot respectively). Percentages of visits were determined each day during 14 monitoring days. The best predictive factor for bee occurrences was determined using the forwardstepwise linear modeling procedure. Series of abundance counts were presented in terms of mean ± standard error (se). Comparison of two frequencies was done using Fisher’s exact-test from StatXact software 3.1. Simultaneously comparison of several percentages was performed using Fisher-Freeman-Halton test. Two means were compared using Student test from SigmaStat software 2.03 (SPSS, Inc., Chicago, IL) when normality and equal variance conditions passed,Simultaneously comparison of several means was performed using one-way ANOVA test followed when relevant by Student-Newman-Keuls pairwise test from SigmaStat software 2.03 (SPSS, Inc., Chicago, IL) or Mann-Whitney pairwise test from PAST software. Otherwise Mann-Whitney test was performed followed when relevant by Dunn’s pairwise procedure. Simultaneous comparison of several means and regression equations were set up when relevant using analysis of variance test (ANOVA) from SigmaStat software 2.03 when normality and equal variancetests passed. Spearman correlation coefficient was determined between bee occurrences and climatic conditions. Inferential tests were set up at 5% bilateral significant level.

3. results 
3.1. Best subsets of the bees’ occurrence prediction on sesame and cowpea flowers 
A total of 1,153 visits of bees were recorded on the blooming flowers (616 and 537 on sesame and cowpea respectively) with 851 by honeybees (531 and 330 to sesame and cowpea respectively) and302 by carpenter bees (95 and 207 on sesame and cowpea respectively). 
In the pooled years, honeybees showed a not significant occurrence difference between sesame (2 to 111 forages, mean ± standard error (se): 47±12 foragers, n=11 counts) and cowpea (2 to 77, 33±8, n=10) (Student test: t=0.98, df=19, p=.34). It was the same in carpenter bees between sesame (1 to 27 forages, 10±3 foragers, n=10 counts) and cowpea (1 to 45, 19±5, n=11) (Mann-Whitney test: T=88.5, p=.14). Similar result was recorded in the pooled bees between sesame (3 to 138 forages, 56±14 foragers, n=11 counts) and cowpea (4 to 110, 49±12, n=11) (T=130, p=.84). Between the two bee species, occurrences on sesame were significantly high in honeybees than carpenter bees (T=73.0, p=.01) while it was not significant on cowpea (T=155.50, p=.06) and on the pooled plant species (T=155.50, p=.06).
In 2016, honeybees showed not significant occurrence difference between sesame (5 to 54 forages, 22±5 foragers, n=9 counts) and cowpea (1 to 32, 12±4, n=9) (Mann-Whitney test: T=104, p=.11). It was the same in carpenter bees between sesame (6 to 86 forages, 34±9 foragers, n=9 counts) and cowpea (2 to 13, 6±2, n=6) (Student test: t=-1.43, df=13, p=.18). Similar result was noted in the pooled bees between sesame (5 to 63 forages, 26±6 foragers, n=9 counts) and cowpea (2 to 50, 21±5, n=10) (T=97.5, p=.57). Between the two bee species, occurrences on sesame were significantly high in honeybees than carpenter bees (T=26.5, p=.01) while it was not significant on cowpea (t=0.33, df=16, p=.743) and on the pooled plant species (t=1.98, df=16, p=.07).
In 2017, honeybees showed not significant occurrence difference between sesame (2 to 72 forages, 30±8 foragers, n=11 counts) and cowpea (1 to 45, 22±5, n=10) (Student test: t=0.82, df=19, p=.42). It was the same in carpenter bees between sesame (1 to 14 forages, 6±1 foragers, n=10 counts) and cowpea (1 to 23, 10±2, n=11) (Mann-Whitney test: T=93.5, p=.26). Similar result was noted in the pooled bees between sesame (3 to 86 forages, 35±9 foragers, n=11 counts) and cowpea (2 to 63, 30±7, n=11) (t=0.44, df=20, p=0.666). Between the two bee species, no significant difference was recorded on sesame (T=94.5, p=1.00), cowpea (t=-0.22, df=18, p=.83) and the pooled plants (T=106.5, p=.83).
Between the two years, differences were not significant in honeybees (t=-0.85, df=18, p=.41 for sesame, t=-1.57, df=17, p=.13 for cowpea, t=-1.03, df=18, p=.32 for the pooled plants), in carpenter bees (t=0.17, df=14, p=.87 for sesame, t=0.174, df=18, p=.86 for cowpea, t=-0.11, df=18, p=.91 for the pooled plants) and in the pooled bees (t=-0.82, df=18, p=.42 for sesame, t=-1.11, df=19, p=.28 for cowpea, and t=-1.116, df=19, p=.28 for the pooled plants)
The number of bee foragers could be predicted from a linear combination(Fregression=69.86, p<.001) of bee, plant, and temperature (p<.001 each) contrary tonot significant effect of days, humidity, time, and years. The best subset of the prediction modelconsidered factors plant, bee and air temperature (Cp=23.53, r²=0.400; bee occurrences = (0.84±0.0, t=5.82, p<.001, VIF=1)*Plant species + (-1.63±0.14, t=-11.28, p<.001, VIF=1)*Bee species + (0.11±0.01, t=17.00, p<.001, VIF=1)*Air temperature + (1.22±0.33, t=3.71, p=.001, VIF=0). 

3.2. Foraging rhythm of activity
Atotal of 725 visits wererecorded in the pooled years and bees (616 and 109 on sesame and cowpea respectively) with 630visits performed by honeybees (521 and 109on sesame and cowpea respectively) and204 visits performed by carpenter bees (95 and 109 on sesame and cowpea respectively). In the pooled years, honeybees and carpenter bees started foraging in 2nd flowering day, stopped in 12th day with the peak records in 6th and 7th day for honeybees (Fig. 2A) and 7th day for carpenter bees (Fig. 2B). In 2016, honeybees started foraging in 3rd day, stopped foraging in 11th day with the peak in 6th day (Fig. 2C) while carpenter bees started foraging in 4th day, stopped foraging in 12th day with the peak in 7th day (Fig. 2D). In 2017, honeybees and carpenter bees started foraging in 2nd day, stopped in 12th day with the peak records in 7th day for both bees (Fig. 2E and Fig. 2F). On sesame, honeybees were more frequent than carpenter bees in 5th day (Fisher’s exact test: p=.003), 6th (p=.02), 7th (p<.001), 9th (p=.01), 10th (p=.004) and 11th day (p=.04) contrary to not significant differences in other days (Fig. 2A). Similar results were in favor to honeybees in 2016 with a significant difference in 6th day (p=.02) and not significant differences in other days (Fig. 2C). It was the same in 2017 with a significant difference in 5th day (p=.01) and 7th day (p<.001), and not significant differences in other days (Fig. 2E). On cowpea, carpenter bees were more frequent than honeybees in 4th day (p=.03), 7th (p=.04), 8th (p<.001) and 9th day (p<.001) contrary to not significant differences in other days (Fig. 2B). Similar results were in favor to carpenter bees in 2016 with a significant difference in 4th day (p=.01), 8th (p=.02), 9th day (p=.02) and not significant in other days (Fig. 2D). It was the same in 2017 with significant difference in 8th and 9th day (p=.02 respectively) and not significant in other days (Fig. 2F). Foragers of each bee species presented a diurnal activity rhythm (starting from 8-9 a.m. and ceasing at 4-5 p.m.) with intense activity in the morning (6-12 a.m.) than the afternoon (1-5 p.m.) except Xy. olivacea foragers which showed in 2016 not significant difference between the two periods of the day (Table 1A; Fig. 3A, and Fig. 3B). In the pooled plant species, a slight shift in the activity peaks was noted in the two bee species (9-10 a.m. for Ap. mellifera and 11 a.m.-12 p.m. for Xy. olivacea) (Fig. 3A, Fig. 3B and Table 1A). However, a slight increase in activity was recorded on the cowpea flowers at 3-4 p.m. (Fig. 3B). Between the two years, foragers of Ap. mellifera and the pooled bees were more active in the morning in 2016 than 2017 while the difference was not significant in 2017 (Tables 1A). Carpenter beeswere more active in 2017 than 2016 and in each period of the day (Tables 1A) and between bees, in each year and time slot, honeybeeswere more active than Xy. olivacea (Tables 1A). In sesame, honeybeesand the pooled bees were in each year, more active in the morning than the afternoon, contrary to Xy. olivacea which showed a significant difference only in the pooled years (Tables 1B). Between the two years, honeybeeswere more active in the morning in 2016 than 2017 while in afternoon the difference was not significant (Tables 1B). Carpenter beeswere more active in 2017 than 2016 (Tables 1B). Morning activity was high in 2016 than 2017. Records in the afternoon were high in 2017 than 2016 while in the pooled data, the difference was not significant (Tables 1B). In cowpea, activity rhythm of both bees was intense in the morning than the afternoon, except a non-significant difference in Xy. olivacea in 2016 (Table 1C). Morning activity in carpenter beeson cowpeawas high in 2017 than 2016 (Tables 1C). Highly morning records were noted in 2016 than 2017 (Tables 1C). Honeybees were more active than carpenter bees(Tables 1C).

3.3. Collected floral products
Bees collected nectar and pollen. For the nectar collection, bees landed on the corolla, entered it, came into physical contact with anthers and the stigma from above the corolla, and moved towards the keel, inserted the proboscis at the bottom of the corolla and sucked up the nectar. 
To collect pollen, bees came into contact with the flower from above, scraped the anthers using mandibles and prothoracic legs.In honeybees,pollen was accumulated in baskets of the metathoracic legs.Forager sometimes stopped collection, continued collection on another flower and some honeybees landed on a leaf to gather pollen adhered to their body. Pollen collection by Xy. olivacea was done according to the same ritual as honeybees. Collected pollen was accumulated in the collecting hairs of the hind legs. 
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Table 1. Diurnal rhythm of activity in both bee species on sesame and cowpea blooming flowers.

	
	I. Apis mellifera 
	II. Xylocopa olivacea 
	III. Pooled bees

	
	2016 (%)
	2017 (%)
	Total (%)
	2016 (%)
	2017 (%)
	Total (%)
	2016 (%)
	2017 (%)
	Total (%)

	A. Pooled plant species

	a. Morning
	528(30.7)
	308 (17.9)
	836 (48.6)
	115 (6.7)
	194 (11.3)
	309 (18.0)
	643 (37.4)
	502 (29.2)
	1,145 (66.6)

	b. Afternoon
	157 (9.1)
	199 (11.6)
	356 (20.7)
	93 (5.4)
	127 (7.4)
	220 (12.8)
	250 (14.5)
	326 (18.9)
	576 (33.4)

	Total
	685(39.8)
	507 (29.5)
	1,192 (69.3)
	208 (12.1)
	321 (18.7)
	529 (30.7)
	893 (51.9)
	828 (48.1)
	1,721 (100.0)

	a vs. b (Fisher’s test)
	p<.001 *
	p<.001 *
	p<.001 *
	p=.13 ns
	p<.001 *
	p<.001 *
	p<.001 *
	p<.001 *
	p<.001 *

	2016 vs. 2017 (Fisher’s test)
	Morning: p<.001 *; Afternoon: p=.02 *; Total: p<.001 *
	Morning: p<.001 *; Afternoon: p=.02 *; 
Total: p<.001 *
	Morning: p<.001 *; Afternoon: p<.001 *; 
Total: p=.03 * 

	Apis mellifera vs. Xylocopa olivacea
	2016 campaign: Morning: p<.001 * Ap, Afternoon: p<.001 * Ap, Global: p<.001 * Ap; 2017 campaign: Morning: p<.001 * Ap, Afternoon: p<.001 * Ap; Global: p<.001 * Ap; Pooled campaigns: Morning: p<.001 * Ap, Afternoon: p<.001 * Ap, Global: p<.001 * Ap

	B. Sesamum indicum

	a. Morning
	211 (12.3)
	124 (7.2)
	335 (19.5)
	43 (2.5)
	76 (4.4)
	119 (6.9)
	254 (14.8)
	200(11.6)
	454 (26.4)

	b. Afternoon
	63 (3.6)
	75 (4.4)
	138 (8.0)
	28 (1.6)
	61 (3.5)
	89 (5.2)
	91 (5.3)
	136(7.9)
	227 (13.2)

	Total
	274 (15.9)
	199 (11.6)
	473 (27.5)
	71 (4.1)
	137 (8.0)
	208 (12.1)
	345 (20.0)
	336(19.5)
	681 (39.6)

	a vs. b (Fisher’s test)
	p<.001 *
	p<.001 *
	p<.001 *
	p=.09 ns
	p=.22 ns
	p=.04 *
	p<.001 *
	p<.001 *
	p<.001 *

	2016 vs. 2017 (Fisher’s test)
	Morning: p<.001 *; Afternoon: p=0.34 ns; Total: p<.001 *
	Morning: p=.003 *; Afternoon: p<.001 *; Total: p<.001 *
	Morning: p=.01 *; Afternoon: p=.003 *; Total: p=.73 ns

	Apis mellifera vs. Xylocopa olivacea
	2016 campaign: Morning: p<.001 * Ap, Afternoon: p<.001 * Ap, Global: p<.001 * Ap; 2017 campaign: Morning: p<.001 * Ap; Afternoon: p=.26 ns; Global: p<.001 * Ap; Pooled campaigns: Morning: p<.001 * Ap, Afternoon: p<.001 * Ap, Global: p<.001 * Ap

	C. Vigna unguiculata

	a. Morning
	317 (18.7)
	184 (10.7)
	501 (29.1)
	72 (4.2)
	118 (6.9)
	190 (11.0)
	389 (22.6)
	302 (17.6)
	691 (40.2)

	b. Afternoon
	94 (5.5)
	124 (7.2)
	218 (12.7)
	65 (3.8)
	66 (3.8)
	131 (7.6)
	159 (9.2)
	190 (11.0)
	349 (20.3)

	Total
	411 (23.9)
	308 (17.9)
	719 (41.8)
	137 (8.0)
	184 (10.7)
	321 (18.7)
	548 (31.9)
	492 (28.6)
	1,040 (60.4)

	a vs. b (Fisher’s test)
	p<.001 *
	p<.001 *
	p<.001 *
	p=.60 ns
	p<.001 *
	p<.001 *
	p<.001 *
	p<.001 *
	p<.001 *

	2016 vs. 2017 (Fisher’s test)
	Morning: p<.001 *; Afternoon: p=.04 *; Total: p<.001 *
	Morning: p=7x10-4 *; Afternoon: p=1.00 ns; Total: p=.01 *
	Morning: p<.001 *; Afternoon: p=0.09 ns; Total: p=0.04 *

	Apis mellifera vs. Xylocopa olivacea
	2016 campaign: Morning: p<.001 * Ap, Afternoon: p=.02 * Ap, Global: p<.001 * Ap; 2017 campaign: Morning: p<.001 * Ap, Afternoon: p<.001 * Ap, Global: p<.001 * Ap; Pooled campaigns: Morning: p<.001 * Ap, Afternoon: p=<.001 * Ap, Total: p<.001 * Ap


Ap: Apis mellifera; p: probability risk; ns: not significant difference (p≥0.05); *: significant difference (p<0.05).












































Fig. 2. Illustrative diagrams of the occurrence rate of Apis mellifera and Xylocopa olivacea foragers during 14 first blooming days of sesame and cowpea blooming flowers

Bees transported pollen from one flower to neighboring ones (sometimes on neighboring plants) carrying them wedged on legs, between mouthparts, or stuck between the thorax and abdomen sensilla. Bees passed from flower to another by flight. Passages from plant to plant were between flowers were frequent. In the polled plants, 470 flowers were visited by 260 by honeybees(124 and 136 flowers in 2016 and 2017 respectively) and 210 Xy. olivacea (102 and 108 in 2016 and 2017 respectively). Flowers of 20 plants (16 cultivated, three wild, one ornamental) were visited (Table 2).
Cultivated plants belonged to 10 orders, 12 families and 14 species. These plants were: Abelmoschus esculentus (L.) Moench, 1794 (Malvaceae), ArachishypogaeaL., 1753 (Fabaceae), Capsicum annuumL., 1753 (Solanaceae), Glycine max (L.) Merr., 1917 (Fabaceae),Citrullus lanatus (Thunb.) Matsum.&Nakai, 1916 (Cucurbitaceae), Mangifera indica L., 1753 (Anacardiaceae),Gymnanthemumamygdalinum(Delile) Sch. Bip.ex Walp., 1843 (Asteraceae), Manihot esculenta Crantz, 1766 (Euphorbiaceae), Oryza sp. L., 1753(Poaceae), PerseaamericanaMill., 1768 (Lauraceae), Phaseolus vulgaris L., 1753 (Fabaceae), Psidium guajava L., 1753 (Myrtaceae), Solanum lycopersicumL., 1753 (Solanaceae), Solanum sp. L., 1753 (Solanaceae), Thebroma cacao L., 1753 (Sterculiaceae), and Zea mays L., 1753 (Poaceae) (Table 2). 
Wild plants were BidenspilosaL., 1753 (Asteraceae), Tithoniadiversifolia(Hemsl.) A. Gray, 1883 (Asteraceae), and Mimosa invisaMart. ex Colla, 1834 (Fabaceae) (Table 2). 
The ornamental plant was Lantana camara L., 1753 (Verbenaceae). Bees simultaneously collected nectar and pollen from 10 plants: two Asteraceae (Bi. pilosaand Ti. diversifolia), the Cucurbitaceae Citrullus lanatus (Thunb.) Matsum.&Nakai, 1916, Fabaceae Glycine max (L.) Merr., 1917 and Phaseolus vulgaris L., 1753, the Verbenaceae La. camara L., 1753, the LauraceaePerseaamericanaMill., 1768, the Euphorbiaceae Manihot esculenta Crantz, 1766, Myrtaceae Psidium guajavaL., 1753, and Mangifera indica L., 1753 (Anacardiaceae) (Table 2). Bees collected exclusively nectar from Mi. invisaand Solanaceae Ca. annuum, Solanum sp. and So.lycopersicum. Pollen alone collection was noted on Ar. hypogaea, Ab. esculentus, Gy. amygdalinum,Oryza spp., Th. cacao and Ze. mays (Table 2).


































Fig. 3. Daily activity rhythm of Apis mellifera and Xylocopa olivacea on the blooming flowers of Sesamum indicum and Vigna unguiculata

Nectar collection byhoneybees was intense on Ca. annuum, Ci. lanatus, Gl. max, La. camara, Mn. esculenta, Mi. invisa, Pe. americana, Ph. vulgaris, Ps. guajava, So. lycopersicum; Solanum sp., and Ti. diversifolia and less intense on Ma. indica.Pollen collection was intense on flowers of Ab. esculentus, Ma. indica; Oryza spp., Pe. americana, Ps. guajava, Ve. amydalina, Ti. diversifolia, Ze. mays and less intense on Bi. pilosa, Ci. lanatus, Gl. max, Ph. vulgaris and Th. cacao). Nectar collection by carpenter bees was intense on Ca. annuum, Ci. lanatus, Gl. max, La. camara, Mn. esculenta, Pe. americana, So. lycopersicum; Solanum sp., and Ti. diversifolia and less intense on Mi. invisaand Ma. indica. Both floral products were collected on Ps. guajava, and Ti. diversifolia (Table 2).

3.4. Duration of the floral products collection
The collection of nectar alone lasted 1 to 12 sec., with a not significant difference between the two plant species (mean ± se on pooled plants: 4.3±0.2 sec., n=266 measurements; sesame: 4.4±0.2 sec., n=102; cowpea: 4.3±0.2 sec., n=164; Fisher’s test: F=1.40, p=.07; Kolmogorov-Smirnov’s test: D=0.16, p=.06; Mann-Whitney test: U=7,943.5, p=.49). Collection of nectar alone by honeybees was longer on sesame flowers (1 to 10 sec., 4.1±0.3 sec., n=56) than the situation on cowpea flowers (1 to 8 sec., 1.9±0.3 sec., n=36; F=1.85, p=.05; D=0.72, p<.001; Mann-Whitney test: U=319.0, p<.001) while between the two plant species, carpenter bees showed not significant difference (sesame: 1 to 12 sec., 4.8±0.4 sec., n=46; cowpea: 1 to 12 sec., 5.0±0.2 sec.; F=1.17, p=.55; D=0.22, p=.06; Mann-Whitney test: U=2,780.5, p=.58). 
As for the collection of pollen alone, it lasted 1 to 15 sec. with a significantly low duration recorded on sesame than the situation in cowpea (pooled plants: 3.9±0.2 sec., n=174; sesame: 1 to 11 sec., 2.1±0.3 sec, n=48; cowpea: 4.6±0.3 sec., n=126; F=2.32, p=.001; D=0.45, p<.001; Student t-test: t=-5.10, df=172, p<.001). Collection of pollen alone by honeybees was longer on cowpea flowers (1 to 15 sec., 4.7±0.3 sec., n=115) than the situation on sesame flowers (1 to 11 sec., 2.3±0.4 sec., n=28; F=1.85, p=.07; D=0.46, p<.001; Mann-Whitney test: U=942.0, p<.001) while between the two plant species, carpenter bees showed a significant high mean duration on cowpea than the situation on sesame (sesame: 1 to 6 sec., 1.9±0.3 sec., n=20; cowpea: 2 to 5 sec., 3.3±0.3 sec., n=11; F=2.20, p=.20; D=0.65, p=.002; Mann-Whitney test: U=38.5, p=.002). 
The simultaneous collection of nectar and pollen lasted 1 to 21 sec. with a not significant difference between the two plant species (pooled plants: 5.1±0.7 sec., n=30; sesame: 1 to 8 sec., 4.5±0.4 sec, n=20; cowpea: 2 to 21 sec., 6.5±1.9 sec., n=10; F=10.06, p<.001; D=0.40, p=.18; Mann-Whitney test: U=93.0, p=.77). Simultaneous collection of nectar and by honeybees was longer on cowpea flowers (2 to 21 sec., 6.8±2.0 sec., n=9) than the situation on sesame flowers (2 to 8 sec., 4.9±0.4 sec., n=16; F=12.78, p=<.001; D=0.44, p=.15; Mann-Whitney test: U=67.0, p=.80) while between the two plant species, data of carpenter bees were insufficient for the statistics (sesame: 1 to 4 sec., 2.8±0.8 sec., n=4; cowpea: only one record of 3 sec.). 
One-way ANOVA test showed significant variations in the average durations (F(10; 468)=8.31, p<.001) and Mann-Whitney pairwise comparisons showed that the duration of nectar collection alone by honeybees was in average longer on sesame flowers compared to recorded on cowpea flowers (p<.001), pollen collection alone on sesame (p<.001) and even pollen collection alone by carpenter bees on sesame (p<.001). The duration of nectar collection alone by honeybees was shorter on cowpea flowers compared to that of pollen collection alone by the same bee on cowpea flowers (p<.001), than that of simultaneous nectar and pollen collection by the same bee on sesame (p<.001) or on cowpea (p<.001), than that of pollen collection alone by carpenter bees on cowpea (p<.001), or nectar collection alone by carpenter bees on sesame (p<.001) or nectar collection alone by carpenter bees on cowpea (p<.001). The duration of collection pollen alone by honey bees was shorter on sesame compared to that of pollen collection alone by the same bee species on cowpea (p=.001), than that of simultaneous collection of nectar and pollen by the same bee species on sesame (p<.001) or on cowpea (p=.002), than that of nectar collection alone by carpenter bees on sesame (p<.001) or on cowpea (p<.001) or pollen collection alone by carpenter bees on cowpea (p=.002

Table 2. Floral products collected by Apis mellifera and Xylocopa olivacea foragers on the blooming flowers of cultivated or wild plant species in neighboring fallows and other market gardening crops 
.
	
	
	
	
	I
	II

	Order/ Family
	Species name
	Status
	A
	B
	A
	B

	Asterales
	
	
	
	
	
	

	
	Asteraceae
	BidenspilosaL., 1753
	*
	++
	+
	++
	+

	
	
	Gymnanthemumamygdalinum(Delile) Sch. Bip. ex Walp., 1843
	
#
	-
	+++
	-
	++

	
	
	Tithoniadiversifolia(Hemsl.) A. Gray, 1883
	*
	+++
	+++
	+++
	+++

	Cucurbitales
	
	
	
	
	
	

	
	Cucurbitaceae
	Citrullus lanatus (Thunb.) Matsum.&Nakai, 1916
	#
	+++
	+
	+++
	+

	Fabales
	
	
	
	
	
	

	
	Fabaceae
	Arachis hypogaea L., 1753
	#
	-
	++
	-
	++

	
	
	Glycine max (L.) Merr., 1917
	#
	+++
	+
	+++
	+

	
	
	Phaseolus vulgaris L., 1753
	#
	+++
	+
	++
	+

	Fabales
	
	
	
	
	
	

	
	Fabaceae
	Mimosa invisaMart. ex Colla, 1834
	*
	+++
	-
	+
	-

	Lamiales
	
	
	
	
	
	

	
	Lauraceae
	PerseaamericanaMill., 1768
	#
	+++
	+++
	+++
	++

	
	Verbenaceae
	Lantana camara L., 1753
	■
	+++
	++
	+++
	+

	Poales
	
	
	
	
	
	

	
	Poaceae
	Oryza sp. L., 1753
	#
	-
	+++
	-
	+++

	
	
	Zea mays L., 1753
	#
	-
	+++
	-
	+++

	Malpighiales
	
	
	
	
	
	

	
	Euphorbiaceae
	Manihot esculenta Crantz, 1766
	#
	+++
	++
	+++
	+

	Malvales
	
	
	
	
	
	

	
	Malvaceae
	Abelmoschus esculentus (L.) Moench, 1794
	#
	-
	+++
	-
	+++

	
	Sterculiaceae
	Thebroma cacao L., 1753
	#
	-
	+
	-
	+

	Myrtales
	
	
	
	
	
	

	
	Myrtaceae
	Psidium guajava L., 1753
	#
	+++
	+++
	++
	+++

	Sapindales
	
	
	
	
	
	

	
	Anacardiaceae
	Mangifera indica L., 1753
	#
	+
	+++
	+
	+++

	Solanales
	
	
	
	
	
	

	
	Solanaceae
	Capsicum annuumL., 1753
	#
	+++
	-
	+++
	-

	
	
	Solanum sp. L., 1753
	#
	+++
	-
	+++
	-

	
	
	Solanum lycopersicumL., 1753
	#
	+++
	-
	+++
	-


I: Apis mellifera; II: Xylocopa olivacea; A: Nectar; B: Pollen; #: Cultivated plant species; *: Wild plant species; ■: ornamental plant species; -: not recorded; +: very lowly harvested; ++: lowly harvested; +++: highly harvested.

The duration of pollen collection alone by honeybees was longer on cowpea flowers compared to that of pollen collection alone by carpenter bees on sesame flowers (p=.001). The duration of simultaneous nectar and pollen collection by honeybees was longer on sesame flowers compared to that of pollen collection alone by carpenter bees on the same plant species(p<.001) and cowpea flowers (p=.012). The duration of simultaneous nectar and pollen collection by honeybees was longer on cowpea flowers compared to that of pollen collection alone by carpenter bees on sesame flowers (p=.001). The duration of nectar collection alone by xylocopa was longer on cowpea flowers compared to that of pollen collection alone by the same bee on sesame flowers (p inf .001) which in turn presented a shorter mean duration compared to the durations of pollen collection alone by the same bee on cowpea (p=.002)

3.5. Disruption of the floral products collection 
Honeybees and Xy. olivacea were disrupted in their activity by other insects (competitors and/or predators).In sesame, on 195 flowers monitored in two years (100 in 2016 and 95 in 2017), 15 visits of the two bee species were disrupted (10 visits in 2016 and five in 2017). Ten disrupted visits were by honeybees (eight in 2016 and two in 2017) and Xy. olivacea (two cases in 2016 and three in 2017).Visits of honeybees were interrupted by other honeybees in five cases (four in 2016 and one in 2017), and only in 2016 visits were interrupted by Xy. olivacea and Megachile sp. (two cases respectively). Ascalaphus africanus (McLachlan, 1871) (Neuroptera: Ascalapidae) was seen once capturing Ap. mellifera forager. Visits of carpenter bees were interrupted by other carpenter bee (one in 2016 and 2017 respectively), by honeybee (one case in 2017) and by As. africanus (one in 2016 and others in 2017).On 180 flowers of cowpea 13 visits were disrupted (seven in 2016 and six in 2017): seven visits byhoneybees (four in 2016 and three in 2017) and six visits byXy. olivacea (three in 2016 and 2017 respectively). Visits by honeybees were interrupted (one case in 2016 and two in 2017).Only in 2016 they were interrupted by Xy. olivacea (two cases) and by Megachile sp. exclusively in 2017 (one case).Neuroptera was seen once in 2016 capturing honeybee. Carpenter bees were interrupted by carpenter bees (two cases in 2016 and 2017 respectively), andMegachile sp. (one case in 2017).Carpenter bee was captured by As. africanus in 2016. Interruptions occurred following a collision and disturbed foragers fled for another flower.

3.6. Correlation between bees’ occurrences and climatic parameters 
In the pooled years and plant species, occurrences of honeybee (nine to 185 foragers, mean ± se: 54±6 foragers, n=36) were not correlated with Xy. olivacea (two to 79 foragers, 21±3 foragers, n=36) (Spearman correlation: rs=-0.009, p=.96). Similar results were noted between honeybee and air temperature (20.0°C to 28.0°C, 22.8±0.4°C, rs=-0.013, p=.94, n=36) or air humidity (67.0% to 94.0%, 83.7±1.4%; rs=-0.306, p=.07, n=36), between Xy. olivacea and air temperature (rs=0.079, p=.65, n=36) while Xy. olivacea was positively correlated with air humidity (rs=0.403, p=.02, n=36).Air temperature was negatively correlated with air humidity (rs=-0.367, p=.03, n=36). On sesame, for 48 monitoring days, 22 were sunny, 26 were rainy in the morning and sunny in the afternoon. On cowpea, for 48 monitoring days, 28 were sunny and 19 were rainy in the morning then sunny after. During sunny days, abundances of bees were high than the record in rainy days and no forager was recorded during the rains and strong winds preceding rains.
In 2016, occurrences of honeybee (12 to 185 foragers, 53±10 foragers, n=18) were not correlated with that of Xy. olivacea (two to 29 foragers, 10±2 foragers, n=18) (rs=0.166, p=.50) and a similar result was recorded between honeybee occurrences and air temperature (20.1°C to 28.0°C, 23.2±0.6°C, rs=0.211, p=.39, n=18) but it was negatively correlated with air humidity (68.0% to 91.0%, 82.6±1.9%; rs=-0.720, p<.001, n=18). Occurrences of Xy. olivacea were not correlated with air temperature (rs=0.207, p=.40, n=18) or air humidity (rs=0.126, p=.61, n=18). Air temperature was negatively correlated with air humidity (rs=-0.514, p=.03, n=18). 
In 2017, occurrences of honeybee (nine to 92 foragers, 54±8 foragers, n=18) were not correlated with that of Xy. olivacea (eight to 79 foragers, 32±4 foragers, n=18) (rs=-0.179, p=.47) and a similar result was recorded between honeybee occurrences and air temperature (20.0°C to 26.1°C, 22.4±0.5°C, rs=-0.147, p=.55, n=18) or air humidity (67.0% to 94.0%, 84.7±2.0%; rs=-0.009, p=.97, n=18). Occurrences of Xy. olivacea were not correlated with air temperature (rs=0.413, p=.09, n=18) but they were positively correlated with air humidity (rs=0.486, p=.04, n=18). Air temperature was not correlated with air humidity (rs=-0.169, p=.50, n=18).
4. Discussion
4.1. Bees occurrence prediction 
The present study is a first approach in Bilone, to the comparative study of the foraging rhythm of honeybeesand Xy. olivacea on blooming flowers of cowpea and sesame. The linear prediction model using plants, bees and temperature corroborates the already reported effect of insects, sites and climatic conditions on the activity of bees. For illustration, comparison between honeybees and Bombus impatiensCresson, 1863 (Hymenoptera: Apidae) have shown a linear mixed effect of bee species, seasons, sites, and interaction on multiple foraging metrics (Minahan & Brunet, 2018). Moreover in North Somerset (United Kingdom). Bees effort was reported tightly coupled to the climatic conditions near the hives (Clarke & Robert, 2018). The nectar production and the quality information are essential to predict honeybee activity (Capela et al., 2024).

4.2. Rhythm of activity and collection of the floral products
Both bees showed a diurnal activity, adapted to the morning blooming period of flowers. In cowpea and sesame, Flower opening is initiated between 6:00 and 6:30 a.m. and are closed between 11:30 a.m. to 12:00 p.m. (Ige et al., 2011). Blooms of sesame open gradually, starting early in the morning and senescence occurs six to 12 hours later, depending on variety and environmental conditions (Andrade et al., 2014)(Otiobo Atibita et al., 2016; Djonwangwe et al., 2017; Pharaon Mbianda et al., 2019, 2025a, 2025b). Insects usually visit flowers from the first day of the appearance, memorize the location of the plant, and return to the original colony to recruit congeners (Myerscough et al., 2014). Recruited foragers join the indicated resource and reinforce the recruitment (Myerscough et al., 2014; Owusu et al., 2018). The presence of low numbers of foragers on the first blooming flowers suggested that either these flowers were still undiscovered or the relatively low numbers of opened flowers would produce insufficient amount of floral products and scent or also due to the negative influence of the frequent rainfalls. The high number of honeybeesin the field compared to Xy. olivacea reflected the difference in their colony sizes, since the average population of honeybeecolonies was estimated in Willamette Valley of western Oregon (USA) at about 10,300 to 30,700 adults per colony (Grant et al., 2021). During the flowering period, foraging activity of bees is generally initiated early in morning (around 6.17 a.m.) and finishes in the evening (Bloch et al., 2017). Al-Qarni (2006) reported that under desert conditions, bee started foraging at 8 am and in general, the foraging activity fluctuating during the day under the influence of the morphology of flowers, availability of flower products and climatic conditions. Morning activity described in honeybee and carpenter bees recalls the situation described in diurnal pollinator insects as the case reported at the Cantaloupe crop in Coahuila Region (Reyes-Carrillo et al., 2007). Yucel and Duman (2005) found that honey bee workers visited onion flowers from 8.15 a.m. to 4.30 p.m. and the peak foraging was between 11.00 a.m. to 12.00 p.m..Bee colonies may respond to the colony need in the stored nectar and pollen by adjusting the numbers of foragers deployed in the field to the point of sometimes presenting intense foraging activity in the afternoon than in the morning, as the case reported in honeybeehives founded with mated queens that showed a high foraging rate during the afternoon than the morning (Pernal & Currie, 2010). A similar explanation would be valid for the slight increase in activity recorded at 3-4 p.m. on cowpea flowers. In Bilone, honeybees were more active than carpenter beesand the recorded daily activity rhythm of both bees corresponded to the accessibility period of the flower anthesis as reported in many plant species (Andrade et al., 2014) and the availability of the flower products (Otiobo Atibita et al., 2016; Djonwangwe et al., 2017; Pharaon Mbianda et al., 2019, 2025a, 2025b). The circadian rhythm of activity displayed by pollinator bees is of ecological importance because it permits the spatio-temporal distribution of sympatric species and the adaptability of foragers to any vagaries of the environment (Bloch et al., 2017). The temporal shift of activity peaks would reduce chances of physical contacts and interferences. Honeybees were more frequent on sesame than cowpea flowers while carpenter bees were more frequent on cowpea than sesame flowers, suggesting a difference in attraction by the flower products from the two plant species. The situation could be explained by the difference in the foraging force daily deployed in the vicinity of the hives and nests of Xy. olivacea (Grant et al., 2021). Honeybees and Xy. olivacea started foraging early in the sun shining morning, with a unimodal activity rhythm of nectar and/or pollen collection during the sun shining days and the foraging activity was more intense in the morning than the afternoon, with a slight shift in their peak activity time slot. A daily bimodal rhythm of activity of Ap. mellifera was reported in Egypt with morning and afternoon peaks (Abdel-Galel et al., 2021). Honeybeeswere more frequent than Xy. Olivacea on sesame while Xy. Olivacea was more frequent than honeybeeon cowpea. On the other hand, sesame attracted more bees than cowpea, suggesting a high quality and/or quantity of the floral products in sesame compared to cowpea. On sesame and cowpea, significant collection differences were in favor of Ap. mellifera except in 8th day in which Xy. Olivacea was more active. Overall, collection of nectar alone lasted longer than that of pollen alone. The duration was longer in Xy. olivacea than Ap. mellifera during collection of pollen alone. Moreover it was long on cowpea than sesame when Xy. olivacea collected only pollen. In addition, duration of nectar collecting was long than the pollen collection or than successive collection of the two floral products. The high average duration in nectar collection compared to that of pollen harvesting would be linked to the accessibility of these floral products. In both plants, pollen is easily accessible contrary to nectar in the corollary tube as already reported in North-West Cameroon (Otiobo Atibita et al.. 2016). 

4.3. Correlation with climatic parameters
Occurrences of honeybees and carpenter bees were not correlated with air temperature nor air humidity. Their activity would undoubtedly be correlated with other climatic conditions such as sunshine, brightness, rainfall frequency and wind speed, as demonstrated in insect pollinators on orchard crops (Webster, 2003), watermelon (Citrullus lanatus L.) on which bee activities were positively correlated with sun shining, and UV level but negatively correlated with air humidity and temperature (Lee et al., 2018).

5. Conclusion
Both bees presented a diurnal activity intense in the sun shining mornings than the afternoons (opening period of flowers). Bees started foraging in 2nd flowering day, stopped in 12th day with peak records in 6th and 7th day for honeybees and 7th day for carpenter bees. Sesame more attracted honeybeesthan carpenter beesin 5thto 7th day and in 9thto 11th day while cowpea more attracted carpenter beesthan honeybeesin 4th, 7thto 9th day. Bees behaved similarly during nectar and pollen collection. Daily foraging started at 8-9 a.m. and stopped at 4-5 p.m. with a slight shift in the peaks (9-10 a.m. in honeybeesand 11 a.m.-12 p.m. in carpenter bees). Nectar collection lasted longer than pollen collection, which was in turn,longer in carpenter bees on cowpea than honeybees on sesame. Honeybee activity was not correlated with climatic conditions.Activityof carpenter beeswas positively correlated with air humidity.
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Ab. esculentus: Abelmoschus esculentus (L.) Moench, 1794; ANOVA: Analysis of Variance; Ap. mellifera: Apis mellifera Linnaeus, 1753; Ar. hypogaea: Arachis hypogaea L., 1753; As. africanus: Ascalaphus africanus (McLachlan, 1871); Bi. pilosa: BidenspilosaL., 1753; Ca. cajan:Cajanuscajan(L.) Huth; Ci. lanatus: Citrullus lanatus (Thunb.) Matsum.&Nakai, 1916; Ca. annuum: Capsium annuumL., 1753; Gl. max: Glycine max (L.) Merr., 1917; Gy. amygdalinum: Gymnanthemum amygdalinum(Delile) Sch. Bip. ex Walp., 1843); IRAD/ARID: Institute de Recherche Agricole pour le Développement/Agricultural Research Institute for Development; La. camara: Lantana camara L., 1753; Ma. esculenta: Manihot esculenta Crantz, 1766; Mi. invisa: Mimosa invisa Mart. ex Colla, 1834; Mn. indica: Mangifera indicaL.; 1753;OHIAM: Obala Higher Institute of Agriculture and Management; p-value: risk probability test value; Pe. americana: Persea Americana Mill., 1768; Ph. vulgaris: Phaseolus vulgaris L., (1753); PROTA: Plant Resources of Tropical Africa;Ps. guajava: Psidium guajava L., 1753; Se. indicum: Sesamum indicum L. (1753); se: standard error; SNK; Student-Newman-Keuls pairwise procedure; So. lycopersicum: Solanum lycopersicum L., 1753; sp.: undetermined species; SPSS: Statistical Package for the Social Sciences; Th. cacao: Thebroma cacaoL., 1753;Ti. diversifolia: Tithoniadiversifolia (Hemsl.) A. Gray, 1883; USA: United States of America; Vi. unguiculata: Vigna unguiculata (L.) Walp., 1843; Xy. calens:Xylocopa calens Lepeletier, 1841; Xy. olivacea: Xylocopa olivacea (Fabricius 1778); Ze. mays: Zea mays L., 1753.
17


image2.emf
1.2

1.7

2.8

5.4

7.4

3.2

2.3

2.1

0.7

0.3

0.6

1.2

3.9

4.4

1.9

1.4

0.1

1.2

0

2

4

6

8

10

12

14

16

1 2 3 4 5 6 7 8 9 10 11 12 13 14

Blooming day

Percentage

C

2016 campaign

0.3 0.4

0.7

1.8

1.2

0.7

0.3

0.4

0.6

1.8

2.3

2,1

3.0

1.7

1.1

0

2

4

6

8

10

12

14

16

1 2 3 4 5 6 7 8 9 10 11 12 13 14

Blooming day

Prtcentage

D

2016 campaign

0.3

0.7

1.2

1.8

2.1

9.9

7.4

9.0

5.8

4.8

2.1

0.0

0.1

0.3

0.7

3.0

4.4

6.2

5.4

4.8

3.4

2.1

0

2

4

6

8

10

12

14

16

1 2 3 4 5 6 7 8 9 10 11 12 13 14

Blooming day

Percentage

E

2017 campaign

0.4

0.7

1.2

1.5

1.9

0.8

0.4

0.3

0.6

0.1

0.7

0.1

1.1

2.1

2.5

3.2

2.5

1.9

0.6

0.4

0.3

0

2

4

6

8

10

12

14

16

1 2 3 4 5 6 7 8 9 10 11 12 13 14

Blooming day

Percentage

F

217 campaign

2.1

7.2

7.9

0.3

1.4

2.5

3.4

4.8

12.1

15.3

14.9

2.1

4.7

6.2

0.0

0.6

0.3

1.2

4.3

8.3

7.3

10.6

0

2

4

6

8

10

12

14

16

1 2 3 4 5 6 7 8 9 10 11 12 13 14

Blooming day

Percentage

A 

Pooled years

0.4

0.7

1.9

2.8

3.7

1.5

0.8

0.6

0.6

0.1

0.1

0.7

2.2

3.7

4.6

6.2

4.8

3.7

1.1 0.8

0.6

0

2

4

6

8

10

12

14

16

1 2 3 4 5 6 7 8 9 10 11 12 13 14

Blooming day

Percentage

Sesamum indicum

Vigna unguiculata

B

Pooled years

Xylocopa olivacea Apis mellifera  


image3.emf
0 0

15

86

64

46

24

14

9 9

7

0 0

4 4

6

5 4

2

18

17

11

0

50

100

150

200

250

300

 6-7 a,m. 7-8 a.m. 8-9 a.m. 9-10 a.m. 10-11 a.m. 11 a.m.-12 p.m. 12-1 p.m. 1-2 p.m. 2-3 p.m. 3-4 p.m. 4-5 p.m.

Daily time slot

Absolute 

abundance

Apis mellifera (274 specimens)

Xylocopa olivacea (71 specimens)

2016 campaign

C

41

185

23

68

12

29

4

45

4

3

7

5

16

9

33

29

18

17

0

50

100

150

200

250

300

 6-7 a,m. 7-8 a.m. 8-9 a.m. 9-10 a.m. 10-11 a.m. 11 a.m.-12 p.m. 12-1 p.m. 1-2 p.m. 2-3 p.m. 3-4 p.m. 4-5 p.m.

Daily time slot

Absolute 

abundance

Apis mellifera (411 specimens)

Xylocopa olivacea (137 specimens)

2016 campaign

D

0 0

22

47

40

18 18

11

19

9

3

38

9

5

3

15

25

0 0

14

21

19

0

50

100

150

200

250

300

 6-7 a,m. 7-8 a.m. 8-9 a.m. 9-10 a.m. 10-11 a.m. 11 a.m.-12 p.m. 12-1 p.m. 1-2 p.m. 2-3 p.m. 3-4 p.m. 4-5 p.m.

Daily time slot

Absolute 

abundance

Apis mellifera (199 specimens)

Xylocopa olivacea (137 specimens)

2017 campaign

E

46

92

8

18

82

8

41

54

5

3

17

29

9

7

15

9

32

17

0

50

100

150

200

250

300

 6-7 a,m. 7-8 a.m. 8-9 a.m. 9-10 a.m. 10-11 a.m. 11 a.m.-12 p.m. 12-1 p.m. 1-2 p.m. 2-3 p.m. 3-4 p.m. 4-5 p.m.

Daily time slot

Absolute 

abundance

Apis mellifera (308 specimens)

Xylocopa olivacea (184 specimens)

2017 campaign

F

0 0

37

133

104

42

32

20

16

7

55

9

36

5

61

28

0

0

18

39

24

15

0

50

100

150

200

250

300

 6-7 a,m. 7-8 a.m. 8-9 a.m. 9-10 a.m. 10-11 a.m. 11 a.m.-12 p.m. 12-1 p.m. 1-2 p.m. 2-3 p.m. 3-4 p.m. 4-5 p.m.

Daily time slot

Absolute 

abundance

Apis mellifera (473 specimens)

Xylocopa olivacea (208 specimens)

Pooled years

A

87

277

97

20

47

13

127

0 0

74

12 0

0

40

11

18

15

83

27

22

21

49

0

50

100

150

200

250

300

 6-7 a,m. 7-8 a.m. 8-9 a.m. 9-10 a.m. 10-11 a.m. 11 a.m.-12 p.m. 12-1 p.m. 1-2 p.m. 2-3 p.m. 3-4 p.m. 4-5 p.m.

Daily time slot

Absolute 

abundance

Apis mellifera (719 specimens)

Xylocopa olivacea (321 specimens)

B

Pooled years

Sesamum indicum Vigna unguiculata


image1.emf
Bilone agroecological farm 

A

B

C

D

N4

N4

N4

D

 

Le gend       Departmental   u npa ved  ro d     Nation al p aved  r o ad N 4    H abit ati ons    F ore st  an d f ol low s  are as     Cul tiva ted  area s    S tudy  si te  

E


