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Abstract 
To evaluate the impact of Apis mellifera on Lantana camara production, foraging and pollination 

activities of this bee were studied at Dang. In August 2016 and 2017, 540 floral bunches with flowers in 

bud were labeled on 25 plants to constitute four treatments: 120 bunches left unprotected, 120 bunches 

protected from insects; 200 bunches covered, then uncovered, visited exclusively by A. mellifera and 

rebagged; 100 bunches protected, then uncovered and rebagged, without insect or any other organism 

visits. The foraging behavior of A. mellifera, on flowers its pollination efficiency, the fruiting rate, the 

percentage of mature fruit and the percentage of normal (well developed) fruits were evaluated. Results 

show that among 13 insect species recorded on L. camara flowers after two seasons of observations, A. 

mellifera was the most represented with 40.38% of 317 visits. This bee exclusively harvested pollen, 

almost throughout the day. The fruiting rate, the percentage of mature fruits and the percentage of normal 

fruits of treatments with unprotected floral bunches were significantly higher than those of treatments 

with floral bunches protected from insects. Through its pollination efficiency, A. mellifera increased the 

fruiting rate, the percentage of mature fruits and the percentage of normal fruits by 59.95%, 28.27% and 

44.12% respectively. This Verbenaceae can be cultivated to help maintain colonies of A. mellifera during 

the rainy season for a good production of honey and pollen as hive products. 

 

Keywords: Apis mellifera, Lantana camara, flowers, pollination efficiency, yields 

 

1. Introduction 

The mutual interaction between plants and animals has an important functional role in 

terrestrial ecosystems and is at the basis of several ecosystem services such as pollination [1]. It 

is known that by their attractiveness, herbs often contribute positively to the diversity and 

abundance of pollinators [2], whose decline is ongoing [3], partly because of the scarcity of 

nutritional resources [4]. In addition to their essential role in the survival of many plants in the 

wild, bees and other pollinating insects play a major role in agriculture and food security, 

notably in our diet, which is 70% dependent on entomophilous pollination [5]. 

Moreover, the exploitation of Non-Timber Forest Products (NTFP) is of great importance in 

Cameroon rural development, particularly with the practice of beekeeping, which occupies up 

to 12.7% of its agricultural population [6]. Despite the floristic potential of this country, its 

beekeeping sector continues to generate an offer lower to demand [7]. 

In Cameroon, beekeeping research is booming thanks to in-depth investigations carried out, 

for example in the Adamawa [8, 9, 10, 11, 12], Center [13, 14] and West [15, 16] regions. Despite this 

important work, there is no published data on the relationships between several plant species 

and A. mellifera. 

Before our research, the published data on the relationships between L. camara and flowering 

insects were collected in Costa Rica [17] and in the Galapagos Islands [18, 19], where its main 

flower visitors were Lepidoptera, in Queensland (Australia) [20] where bees were the most 

abundant visitors on its flowers and at Dang in May where Papilio demodocus comes in the 

first position among 18 species of insects recorded, collects exclusively and strongly the 

nectar; this butterfly has a positive effect on its yields [21].
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Previous our work, there has been no previous research 

reported on the pollination efficiency of A. mellifera on this 

Verbenaceae. Unpublished preliminary investigations indicate 

that in Dang, in June 2015, A. mellifera was one of the most 

common insect visitors of the flowers of L. camara. 

This work is a contribution to mastering the relationships 

between A. mellifera and L. camara, with a view to their 

exploitation for the sustainable development of beekeeping 

production in the Adamawa region of Cameroon. It has five 

specific objectives: (a) determine the place of A. mellifera in 

the flowering fauna of L. camara; (b) study the activity of this 

bee in the flowers of L. camara; (c) estimate the beekeeping 

value; (d) assess the effect of flowering insects including A. 

mellifera on the fruit production of this plant; (e) determine 

the pollinating efficiency of A. mellifera on the Verbenaceae. 

 

2. Materials and Methods 

2.1. Materials 

2.1.1. Study site and biological material 

The experiment was carried out in august 2016 and 2017, at 

Dang, in the Adamawa region, which belongs to the 

ecological zone known as the Guinean high savannahs [22], 

within the campus of the University of Ngaoundéré in Dang. 

According to Djoufack et al. [22], the climate of this region is 

of the Sudano-Guinean type, mild and cool, characterized by 

two seasons: a rainy season (April to October) and a dry 

season (November to March), with an annual rainfall of about 

1500 mm. The mean annual temperature is 22 °C, while the 

mean annual relative humidity is 70% [23]. The vegetation is 

represented by crops, ornamental plants, hedge plants and 

native plant species of the savannah and gallery forests [24]. 

The plant material was represented by L. camara naturally 

present at the study site. The animal material included many 

insect species naturally present in the environment. The 

number of A. mellifera colonies located at the study site 

varied from 51 to 60, between August 2016 and 2017. 

 

2.2. Methods 

2.2.1. Determination of the place of Apis mellifera in the 

floral entomofauna of Lantana camara 

On 9th August 2016 and 5th August 2017, 240 floral bunches 

(cluster of 15 to 32 individual flowers) with flowers at the bud 

stage were labeled on 25 plants of L. camara (4 to 5 floral 

bunches per plant), among which 120 were left unattended 

(treatment 1) and 120 were protected using gauze bags net to 

prevent insect visitors (treatment 2) [25].  

Observations were conducted on flowers of treatments 1 and 

3 every day, from the opening of the first flower bud (10th 

August 2016 and 6th August 2017) to the fading of the last 

flower (21th August 2016 and 16th August 2017), at 6 - 7 h, 8 - 

9 h, 10 - 11 h, 12 - 13 h, 14 - 15 h and 16 - 17 h. For each of 

these time slots, the different insects encountered on the 

blooming flowers were counted [26]. Cumulative results were 

expressed as the number of visits [27]. Data on the frequency 

of visits of the various identified flowering insects have made 

it possible to determine the place of A. mellifera in the 

anthophilous entomofauna of L. camara. The frequency of 

visits of the insect i on L. camara flowers (Fi) was calculated 

using the following formula:  

Fi = {[Vi / Vt] * 100}, where Vi is the number of visits for 

insect i on unprotected flowers and Vt is the number of visits 

of all insects on the same flowers [26]. Specimens (2 to 3) of 

all insect taxa, excluded A. mellifera were caught using insect 

net on unlabeled floral bunches and conserved in 70% 

ethanol, excluding butterflies that were preserved dry [27], for 

subsequent taxonomic identification. 

 

2.2.2. Study of the activity of Apis mellifera on the flowers 

of Lantana camara 

In addition to the determination of the flower-visiting insect 

frequency, direct observation of the foraging activity of A. 

mellifera on flowers was made in the field [26]. The floral 

products (nectar or pollen) sampled by this bee were noted 

during the same dates and time slots as for the duration of 

visits, based on its foraging behavior [26]. Nectar foragers were 

expected to extend their proboscis to the base of the corolla 

and the stigma, while pollen gatherers were supposed to 

scratch the anthers with mandibles and legs [27]. 

On each sampling day, the number of opened flowers was 

counted. On the same days as for the frequency of visits, the 

duration of individual flower visits was recorded (using a 

stopwatch) at least three times during each of the following 

daily time frames: 7 - 8 h, 9 - 10 h, 11 - 12 h, 13 - 14 h, 15 - 

16 h and 17 - 18 h [26]. The abundance of foragers (highest 

number of individuals foraging simultaneously on a flower or 

on 1000 flowers [28] and the foraging speed (number of flowers 

visited by A. mellifera per minute [29] were measured. 

Abundance per flower was recorded following the direct 

counting, on the same dates and daily periods as for the 

registration of the duration of visits. For the abundance per 

1000 flowers (A1000), some foragers were counted on a known 

number of flowers; A1000 was then calculated using the 

formula A1000 = ((Ax/Fx)*1000), where Fx and Ax are the 

number of opened flowers and the number of foragers 

effectively counted on these flowers at time x [28]. The 

foraging speed (Fs) was calculated using the formula Fs = (Fl 

/ du)* 60, where du is the duration (sec) given by a stopwatch, 

and Fl, the number of flowers visited during du [26]. A mobile 

thermo-hygrometer installed in the shade, was used to register 

the temperature and the relative humidity of the station every 

30 min, from 6 h to 18 h, during the entire investigation 

period [26]. 

 

2.2.3. Evaluation of the apicultural value of Lantana 

camara 

The apicultural value of L. camara was assessed as in other 

plant species, using data on flowering intensity and the 

attractiveness of A. mellifera workers with respect to pollen 

and nectar [30].  

 

2.2.4. Evaluation of the effect of insects including Apis 

mellifera on Lantana camara production 

In parallel to the implementation of treatments 1 to 4, 600 

floral bunches with flowers at the bud stage were labeled to 

constitute four other treatments: 

 treatment 5 (2016) or 7 (2017): 200 protected bunches, 

intended to be uncovered, then then visited exclusively 

by A. mellifera and reprotected. As soon as the flowers 

on each floral bunch opened in treatments 5 or 7, the 

gauze bag was gently removed and the flowers were left 

in free pollination observed for one to 10 minutes, to note 

their possible visit by A. mellifera. After this 

manipulation, the floral bunches were reprotected and 

were no longer handled. The floral bunches whose 

flowers were not visited were included in treatments 6 or 

8 [31]; 

 treatment 6 (2016) or 8 (2017): 100 bunches protected, 

then uncovered and rebagged, without insects or any 
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other organism visits. As soon as the flowers in each 

floral bunch opened, the gauze cloth was gently removed 

and the blooming flowers were observed for one to 10 

minutes, while avoiding visits by insects or any other 

organism. After this manipulation, the floral bunch was 

reprotected and were no longer handled [31]. 

 

At the maturity of the fruits in treatments 5, 6, 7 and 8, their 

harvest was made their quality appreciated and the number 

counted. 

The evaluation of the impact of anthophilous insects including 

A. mellifera on fruit production of L. camara was based on 

the impact of anthophilous insects on pollination, the impact 

of pollination on the fruiting of L. camara and the comparison 

of fruit production (fruiting rate, percentage of mature fruits 

and percentage of normal or well-developed fruits) of 

treatments 1, 2, 3, 4, 6 and 8 [26]. For each year of 

investigation, the fruiting rate due to flowering insects (Fri) is 

calculated using the following formula: 

Fri = {[(FX - FZ) / (FX + FY - FZ)] * 100}, Where FX, FY 

and FZ are the fruiting rates in treatments X (bunches left in 

free pollination), Y (bunches protected from insects) and Z 

(bunches protected, uncovered and then rebagged, without 

insects or any other organism visits), respectively [32]. 

For each treatment, the fruiting rate (F) is: 

F = (number of fruits formed / number of viable flowers 

initially borne) * 100 [25];. 

The percentage of mature fruits and the percentage of normal 

fruits due to flowering insects were calculated in the same 

way as for the fruiting rate. 

 

2.2.5. Assessment of the pollination efficiency of Apis 

mellifera on Lantana camara  

The contributions of A. mellifera in the fruiting rate, the 

percentage of mature fruits and the percentage of normal 

fruits were calculated using data from treatments 5, 6, 7 and 8. 

For each observation period, the fruiting rate due to A. 

mellifera was calculated using the following formula:  

FrA = {[(FA - FZ) / FA] * 100} [32], Where FA is the fruiting 

rate in treatment A (bunches protected, then uncovered, 

visited exclusively by A. mellifera and again protected). 

The contributions of A. mellifera in the percentage of mature 

fruits and the percentage of normal fruits were calculated in 

the same way as for the fruiting rate. 

 

2.2.6. Data analysis 

Data were subjected to descriptive statistics (means, standard 

deviations and percentages), ANOVA (F) for the global 

comparison of more than two means, Student's t-test for the 

comparison of two means, Pearson correlation coefficient (r) 

for the study of the linear relationships between two variables 

and Chi-square (χ2) for the comparison of percentages. 

Microsoft Excel 2010 software was used for this purpose. 

 

3. Results and Discussion 

3.1. Place of Apis mellifera in the flower entomofauna of 

Lantana camara 

Among the 173 and 144 visits of 11 and 10 insect species 

recorded on 2574 and 2677 flowers in 2016 and 2017 

respectively, A. mellifera was the most represented insect 

species with 71 visits (41.04%) and 57 visits (39.58%) in 

2016 and 2017 respectively. This honey bee ranked first in 

each study year (Table 1).  

The present study results confirm those reported in 

Queensland in September 2002 by Goulson & Derwent [20], 

where A. mellifera was the most abundant visitor to the 

flowers of L. camara. However, in Dang in May 2016 and 

2017, Louabé et al. [21] identified 18 of insect species on L. 

camara flowers and Papilio demodocus ranked first and Apis 

mellifera ranked last in each study year, with 22.18% and 

0.35% of 284 visits respectively. The scarcity of A. mellifera 

in May could be explained by the foraging behavior of this 

bee. It is known that workers of A. mellifera only visit 

pollinating plants when the nitrogen requirements of the 

colony increase [33]; these needs are themselves a function of 

the presence of brood, the number of which varies throughout 

the year in a colony [34].  

These observations confirm the fact that flowering 

entomofauna of a plant species varies over time and with 

regions [26, 35, 36].  

 

3.2. Activity of Apis mellifera on Lantana camara flowers 

On L. camara flowers, individuals of A. mellifera were seen 

intensively collecting the pollen only (Figure 1).  

The strong attractiveness of L. camara pollen throughout the 

day to A. mellifera could be partly explained by the 

availability and quality of this food and the time required for 

its harvest from the corresponding flowers [37]. This 

attractiveness is also linked to odoriferous compounds such as 

sterols [38] and lipids [39]. This is especially so since pollinators 

can associate the olfactory signal with the flower's rewards 
[40]. 

Apis mellifera visits were numerous on L. camara plants 

when the number of opened flowers was highest (Figure 2). 

Furthermore, we found a positive and highly significant 

correlation between the number of A. mellifera visits and the 

number of L. camara opened flowers in 2016 (r = 0.96; df = 

9; P<0.001) as well as in 2017 (r = 0.92; df = 8; P<0.001).  

Apis mellifera was active on L. camara flowers from 6 h to 5 

h in 2016 and 2017, with a peak of visits between 12 h and 13 

h (Figure 2). These daily time frames probably correspond to 

that of the highest availability of pollen on flowers of this 

Verbenaceae. According to Pesson & Louveaux [41] and 

Kasper et al. [42], workers are more abundant on flowers when 

food sources are more available and reduce their activity 

when food decreases in quantity so that the energy spent for 

foraging is not greater than that drawn from the foraging. The 

activity of A. mellifera could not be conditioned by some 

climatic factors. In 2016, the correlation was not significant 

between the number of A. mellifera visits and the temperature 

(r = 0.87; df = 4; P>0.05) and between the same number of 

visits and the relative humidity (r = 0.94; df = 4; P>0.05) 

(Figure 3). Equally, in 2017, the correlation was not 

significant between the number of A. mellifera visits and the 

temperature (r = - 0.89; df = 4; P>0.05) and between the same 

number of visits and the relative humidity (r = - 0.93; df = 4; 

P>0.05) (Figure 3).  

In 2016, the highest mean number of A. mellifera workers 

simultaneously in activity was one per flower (n = 113; s = 0) 

and 23 per 1000 flowers (n = 113; s = 3; maxi = 118). In 

2017, the corresponding figures were one per flower (n = 147; 

s = 0) and 24 per 1000 flowers (n = 147; s = 3; maxi = 20). 

The difference between the mean number of foragers per 

1000 flowers in 2016 and 2017 was not significant (t = 1.66; 

df = 258; P>0.05).  

The high abundance of A. mellifera per 1000 flowers and the 

positive and significant correlation between the number of L. 

camara flowers and the number of A. mellifera visits to 
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highlight the attractiveness of L. camara pollen for A. 

mellifera. In fact, the weather during bloom was demonstrated 

to affect the abundance and foraging of pollinator insects [43].  

Besides, the high density of workers per 1000 flowers is due 

to the natural faculty of honeybees to recruit a high number of 

workers to exploit an interesting food source [44]. Honeybees 

can smell or detect pollen or nectar odors [45] using sensory 

receptors located on the flagellum of their antennae. Worker 

honeybees dance inside the nest after a successful foraging 

trip in other to communicate to their nestmates informations 

about the food odor, the distance and the direction from the 

hive to the food source [46]. The round dance is performed 

when the resource is within 50 meters from the hive, while the 

wagging dance takes place for the resource 100 meters away 

from the hive [46].  

The mean duration of A. mellifera visit per L. camara flower 

was 3.13 sec (n = 87, s = 2.07, maxi = 9) in 2016 and 3.00 sec 

(n = 63, s = 1.52, maxi = 8) in 2017. The difference between 

the duration of a visit per flower in 2016 and 2017 is not 

significant (t = 0.41; df = 148; P>0.05). For the two 

cumulative years, the mean duration of a visit per flower was 

3.06 sec. This mean duration was higher than that recorded in 

May (1.23 sec) by Louabé et al. [21] for Papilio demodocus on 

the same plant. This difference could be explained by the 

accessibility of pollen. In fact, the workers of A. mellifera 

experienced the difficulty to access the anthers (pollen) 

because the floral structure (corolla in the form of long 

narrow tube) of this plant is more suitable for pollination of 

pollinators on long proboscis (e.g. butterflies) [19]. 

Apis mellifera visited between 3 and 60 flowers per minute in 

2016 and between 6 and 60 flowers per minute in 2017. The 

mean foraging speed was 14.62 flowers per minute (n = 101, s 

= 8.43) in 2016 and 18.88 flowers per minute (n = 104, s = 

9.46) in 2017. The difference between these means foraging 

speeds per flower was highly significant (t = -3.38; df = 203; 

P<0.001). This difference could be explained by the 

accessibility and availability of pollen or the distance 

separating the flowers visited during the various foraging 

trips. For the two cumulated years, the mean foraging speed 

was 16.75 flowers per minute.  

The bee foragers had a high affinity with respect to L. camara 

compared to the neighbouring plant species, indicating their 

faithfulness to this Verbenaceae, a phenomenon known as 

«floral constancy» [30]. This flower constancy could be 

partially due to the texture of the stamens, the size and the 

quantity of pollen grains which would be stimuli that could 

make L. camara pollen attractive [47]. 

 

3.3. Apicultural value of Lantana camara 

During the flowering period of L. camara, we noted a well 

elaborated activity of A. mellifera foragers at the level of its 

flowers: good daily and seasonal frequency of visits, good 

pollen harvest and fidelity of the foragers to the flowers 

during foraging bouts. These data highlight the good 

attractiveness of the pollen and the unattractiveness of the 

nectar of this plant for A. mellifera. Therefore, L. camara is a 

highly polliniferous bee plant. This Verbenaceae could thus 

be grown to help stabilize A. mellifera colonies during the dry 

season and increase pollen production as a honey bee hive 

product. 

 

3.4. Impact of flowering insects including Apis mellifera on 

Lantana camara production 

During nectar or pollen harvest on L. camara, foraging insects 

always shook flowers and regularly contacted anthers, 

increasing self-pollination and/or cross-pollination 

possibilities of this plant species. 

Table 2 gives the fruiting rate, the percentage of mature fruits 

and the percentage of normal fruits in the different treatments 

of L. camara. It appears from this table that:  

- the fruiting rates were 53.26%, 9.39%, 66.68%, 7.49%, 

17.72%, 10.63%, 22.20% and 11.43% in treatments 1 to 8 

respectively. The differences between these eight percentages 

are highly significant (χ2 = 4852.46; df = 7; P<0.001). Two - 

to - two comparisons showed that the difference observed is 

highly significant between treatments 1 and 2 (χ2 = 1136.58; 

df = 1; P<0.001) as well as between treatments 3 and 4 (χ2 = 

2071.86; df = 1; P<0.001). Consequently, in 2016 and 2017, 

the fruiting rate of bunches left unprotected (treatments 1 and 

3) was higher than that of bunches bagged during their 

flowering period (treatments 2 and 4).  

- the percentages of mature fruits were 96.94%, 68.35%, 

98.15%, 66.19%, 94.33%, 69.16%, 96.18% and 67.46% in 

treatments 1 to 8 respectively. The differences between these 

eight percentages are highly significant (χ2 = 875.19; df = 7; 

P<0.001). Two - to - two comparisons showed that the 

difference observed was highly significant between treatments 

1 and 2 (χ2 = 244.68; df = 1; P<0.001) as well as between 

treatments 3 and 4 (χ2 = 388.43; df = 1; P<0.001). Hence, in 

2016 and 2017, the percentage of normal fruits from bunches 

left unprotected was higher than that from bunches bagged 

during their flowering period.  

- the percentages of normal fruits were 81.49%, 44.44%, 

78.41%, 54.68%, 91.76%, 41.40%, 82.98% and 55.29% in 

treatments 1 to 8 respectively. The differences between these 

eight percentages are highly significant (χ2 = 382.61; df = 7; 

P<0.001). Two - to - two comparisons showed that the 

difference observed was highly significant between treatments 

1 and 2 (χ2 = 113.52; df = 1; P<0.001) as well as between 

treatments 3 and 4 (χ2 = 41.93; df = 1; P<0.001). Hence, in 

2016/ and 2017, the percentage of normal fruits from bunches 

left unprotected was higher than that from bunches bagged 

during their flowering period. 

In 2016, the numeric contribution of the anthophilous insects 

including A. mellifera in the fruiting rate, the percentage of 

mature fruits and the percentage of normal fruits of L. camara 

were 84.35%, 29.73% and 43.82% respectively. In 2017, the 

corresponding figures were 94.33%, 32.99% and 30.78% 

respectively. For the two cumulate years, the numeric 

contributions of flowering insects were 89.34%, 31.36%, and 

37.30% for the fruiting rate, the percentage of mature fruits 

and the percentage of normal fruits respectively. This 

significant increase in fruit production in the presence of 

flowering insects including A. mellifera is the consequence of 

their foraging activity on the pollination of the visited flowers. 

 

3.5. Pollination efficiency of Apis mellifera on Lantana 

camara 

During pollen harvest, workers of A. mellifera always came 

into contact with anthers, increasing the possibilities of L. 

camara pollination. With this pollen, they flew frequently 

from flower to flower. The percentage of the total number of 

visits during which forager bees came into contact with the 

stigma of the visited flowers was 0% for the two seasons. 

The fruiting rate due to A. mellifera was 17.72% in 2016, 

22.20% in 2017 and 19.96% for the two cumulate years. The 

difference was highly significant between treatments 5 and 6 

(χ2 = 47.99; df = 1; P<0.001) as well as between treatments 7 
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and 8 (χ2 = 99.75; df = 1; P<0.001). Hence, in 2016 and 2017, 

the fruiting rate of bunches protected and visited exclusively 

by A. mellifera was higher than that of bunches protected, 

uncovered and reprotected without insect or any other 

organism visit.  

The percentage of mature fruits was 94.33% in 2016, 96.18% 

in 2017 and 95.26% for the two cumulate years. The 

difference was highly significant between treatments 5 and 6 

(χ2 = 81.83; df = 1; P<0.001) as well as between treatments 7 

and 8 (χ2 = 140.25; df = 1; P<0.001). Our observations 

pointed out that bunches visited by A. mellifera have the 

highest number of normal fruits compare to those protected 

then uncovered and rebagged without the visit of insect or any 

other organism. 

The percentage of normal fruits due to A. mellifera was 

91.76% in 2016, 82.98% in 2017 and 87.37% for the two 

cumulate years. The difference was highly significant 

between treatments 5 and 6 (χ2 = 176.06; df = 1; P<0.001) as 

well as between treatments 7 and 8 (χ2 = 57.25; df = 1; 

P<0.001). Our observations pointed out that bunches visited 

by A. mellifera have the highest number of normal fruits 

compare to those protected then uncovered and rebagged 

without the visit of insect or any other organism. 

In 2016, the numeric contribution of A. mellifera via a single 

flower visit were 40.00% for the fruiting rate, 26.68% for the 

percentage of mature fruits and 54.88% for the percentage of 

normal fruits. In 2017, the corresponding figures were 

48.53%, 29.86% and 33.36% respectively. For the two 

cumulated years, the numeric contribution of A. mellifera on 

the fruiting rate, the percentage of mature fruits and the 

percentage of normal fruits were 44.26%, 28.27% and 44.12% 

respectively.  

The flowers that were exposed to pollinators provided more 

fruits than protected flowers, in agreement with previous 

results reported on the same plant in Queensland [20] where A. 

mellifera has a positive impact on fruit production. 

During the pollen harvest from the flowers of L. camara, A. 

mellifera was always in contact with the anthers of the flower 

visited. In fact, this bee was likely to play a positive role in 

self-pollination, by causing the release of pollen from a flower 

for an optimal occupation of its stigma. This is all the more 

probable that autogamy exists in L. camara [21]. According to 
[20], L. camara has low self-fertility, taking this consideration, 

A. mellifera also intervened in the known cross-pollination in 

this Verbenaceae [48]. The positive and significant contribution 

of A. mellifera in the fruit production of L. camara is justified 

by the action of this bee on the pollination of the flowers 

visited. 
 

Table 1: Diversity of floral insects on Lantana camara in August 2016 and 2017, number and percentage of visits of different insects. 
 

Insects 2016 2017 Total 

Order Family Genus and species n1 p1 (%) n2 p2 (%) nT pT (%) 

Hymenoptera Apidae Amegilla sp. 1 (ne) 0 0 7 4.86 7 2.21 

  
Amegilla sp. 2 (ne) 5 2.89 0 0 5 1.58 

  
Amegilla sp. 3 (ne) 13 7.51 3 2.08 16 5.05 

  
Apis mellifera (po) 71 41.04 57 39.58 128 40.38 

  
Ceratina sp. (po) 13 7.51 9 6.25 22 6.94 

  
Xylocopa inconstans (ne) 3 1.73 10 6.94 13 4.10 

  
Xylocopa olivacea (ne) 2 1.16 0 0 2 0.63 

Lepidoptera Hesperiidae (1 sp.) (ne) 12 6.94 1 0.68 13 4.10 

 
Nymphalidae Cymothoe sp. (ne) 0 0 2 1.39 2 0.63 

 
Papilionidae Graphium angolanus (ne) 28 16.18 5 3.47 33 10.41 

  
Papilio demodocus (ne) 15 6.67 18 12.50 33 10.41 

 
Pieridae Catopsilia florella (ne) 8 20.3 32 22.22 40 12.62 

  
Mylothris chloris (ne) 3 2.26 0 0 3 0.95 

Total 13 species 173 100 144 100 317 100 

n1: number of visits on 120 floral bunches in 11 days; n2: number of visits on 120 floral bunches in 10 days; nT = total number of visits on 240 

floral bunches in 21 days; p1 and p2: percentages of visits; 

p1 = (n1 / 173) * 100; p2 = (n2 / 144) * 100; pT = total percentages of visits; sp.: undetermined species; 

ne: collection of nectar; po: collection of pollen. 

Comparison of percentages of Apis mellifera visits for the two years: χ2 = 0.07 (df = 1; P>0.05) 

 

Table 2: Interrupted visits of Apis mellifera on Lantana camara flowers in August 2016 and 2017 at Dang. 
 

Years Number of studied visits 
Visits interrupted by insects 

Insects responsible of visits’ interruption 
Number Percentage (%) 

2016 87 

9 10.34 Apis mellifera 

5 5.75 Catopsilia florella 

3 3.45 Graphium angolanus 

2 2.30 Papilio demodocus 

2017 63 

8 12.70 Apis mellifera 

2 3.17 Amegilla sp. 3 

3 4.76 Catopsilia florella 

 

Table 3: Fruiting rate, percentage of mature fruits and percentage of normal fruits according to different treatments of Lantana camara in 

August 2016 and 2017 at Dang. 
 

Treatments Years NSF NFF % FR NMF % NMF NNF % NF 

1 (Uf) 2016 2574 1371 53.26 1329 96.94 1083 81.49 

2 (Pf)  2525 237 9.39 162 68.35 72 44.44 

3 (Uf) 2017 2677 1785 66.68 1752 98.15 1379 78.41 

4 (Pf)  2803 210 7.49 139 66.19 76 54.68 
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5 (Fbvp) 2016 2686 476 17.72 449 94.33 412 91.76 

6 (Fbwv)  2135 227 10.63 157 69.16 65 41.40 

7 (Fbvp) 2017 2833 629 22.20 605 96.18 502 82.98 

8 (Fbwv)  2205 252 11.43 170 67.46 94 55.29 

Uf: unprotected flowers; Pf: protected flowers; Fbvp: flowers bagged and visited exclusively by Apis mellifera; Fbwv: flowers bagged, opened 

and closed without visit; NFS: number of studies flowers; NFF: number of fruits; FR: fruiting rate; NMF: number of mature fruits; NNF: number 

of normal fruits; NF: normal fruits. 

 

 

Fig 1: Apis mellifera worker exploring a flower of Lantana camara with her baskets full of pollen at Dang in August 2017 

 

 
 

 
 

Fig 2: Seasonal variation of the number of Lantana camara flowers and the number of Apis mellifera visits on these organs in August 2016 (A) 

and 2017 (B) at Dang r: correlation coeffficient between the number of flowers and the number of visits; df: degree of freedom; P: probability; 

HS: highly significant 
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Fig 3: Daily variation of Apis mellifera visits on Lantana camara flowers, mean temperature and mean humidity of the study site in August 

2016 (A) in 2017 (B). r: correlation coeffficient between the number of flowers and the number of visits; df: degree of freedom; P: probability; 

NS: correlation not significant 

 

4. Conclusion 

From our observations, Lantana camara is a plant species that 

highly benefits from pollination by insects among which Apis 

mellifera is one of the most important and harvested pollen. 

The comparison of fruit yields of bunches visited exclusively 

by A. mellifera with that of the bunches protected from insects 

then uncovered and reprotected without the visit of insect or 

any other organism underscores the capacity of this honey bee 

in increasing fruits production as well as fruits quality. Data 

on the foraging activity of A. mellifera enable the 

classification of L. camara among the highly polliniferous 

honey bee plant. By its positive action on the pollination of 

the flowers visited, A. mellifera caused a significant increase 

in the fruiting rate by 44.26%, the number of mature fruits by 

28.27% and the number of normal fruits by 44.12%. Thus, L. 

camara plant could be grown or protected to increase pollen 

production as a honey bee hive product and stabilize A. 

mellifera colonies during the rainy season.  
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