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pollination ecology; Jabal Al Akhdar; Libya. This study evaluated the relationship between flowering phenology
and honeybee (Apis mellifera L.) visitation to apple (Malus
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License of open flowers and visiting workers were counted. Honeybee
(https://creativecommons.org/licenses/by/4.0/) visitation varied among the three fruit-tree species and changed
with flowering intensity. In plum, flowering began on 14 April

2015 and bee visitation showed the closest correspondence with

® flower abundance, although peak visitation did not always coincide

exactly with peak bloom. In pear, flowering began on 20 April

2015, but the relationship between flower abundance and bee
visitation was comparatively weak, with the highest visitation
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phenology was associated with temporal variation in honeybee
visitation, but the strength and timing of this relationship differed
among plum, pear, and apple. These findings indicate that flower
abundance alone does not fully explain honeybee visitation and
suggest that additional factors, including floral reward and
environmental conditions, may influence visitation patterns.

74


mailto:salma.yaseen@uod.edu.ly
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.71147/ch8gwd21

: paselall

Malus ) z\&dl )Y (Apis mellifera L Jusd) Jo5 Shbig )W drawgall palglall cp d8Ma)l Ayl 0o unid
Lad Qﬁzx';ﬁ‘ Jedb 3,1 dalaie & (Prunus domestica) 38339 (Pyrus commusnis) & S\ (domestica
08:00 30 8411 § delr S Joutdl bl cddideg oLl dad jlie (e ldgod 59 )3 e oy Ty 9,801 A8l
douaiell YY) de ae cdeln '3 4885 15 Bdalg so 1 x e 1 alS &l dolus posd 3lue 16:00 329 >bo
T 358l (26 eyl ABUS pasy capady BN 4gSAIl Hlomal £15 oy Juseadl Joxs by gl 3101 Joladl Yol
2o bolos Losls @allass o byl 8953 OF oy L3Vl 8,850 oLyl 531 Jomidl bl aygloly <2015 oyl 14 § L3y
Qo Ay <38 Yol ©hbjg 5131 8,89 ¢y AN S0 62015 ol 20 oW1 T A e AU § Lol a1 893
s gl lasll (3 Biles Jaas La>glg L) A8 8953 wic Lualg HLHYI 858 dly (3 BL3 e¥aae el el Cos
ol 02) Jol 24 @ Uil 505 w¥uae T ezl i ¢yl 26 @)WY 89,3 cdd> 3] €2015 ol 23 G sY)
O] ¢l J2 @l § drall sl Sy daowsgall palglall cdadyl cple Ky lgh doxinall Hla)l sue
Jo S s Y g )i 8,89 OF 4] gl oo ady .z laly AUl (398 ,d1 oy Lakis) Lgiud g9 A8Mal 0 84
Dlalloda e 355 @ dundl By lally wblall 6,31 48] Jalge Hla 0 lass Las ¢l Jo 8)) blasl

) $ualad] & ¢ Jad! Joe 3 $AgSWal x5l $do i)l L o gl A piis mellifera : dutidadl kI
Lad ¢ sy

1. INTRODUCTION

Insect pollination is a fundamental ecosystem service that contributes directly to the reproduction of flowering plants and
to the productivity and quality of many crops. Among insect pollinators, the western honeybee, Apis mellifera L., is one
of the most widely managed species for crop pollination. Nevertheless, the contribution of pollinators to crop production
depends not only on their abundance but also on the timing and frequency of their visits during flowering. Pollination
limitation has been demonstrated in several economically important crops, emphasizing the importance of understanding
the factors that regulate pollinator activity within agricultural landscapes (Reilly et al., 2020). Tree-fruit orchards provide
abundant but highly seasonal floral resources. Apple (Malus domestica), pear (Pyrus communis), and plum (Prunus
domestica) are mass-flowering crops whose bloom periods can attract large numbers of managed and wild bees. The
temporal coincidence between flowering and pollinator activity is therefore important for effective flower visitation and
subsequent pollination. Recent reviews of tree-fruit orchards have emphasized that bee abundance, species composition,
floral preferences, and foraging behavior can change during the relatively short flowering period of orchard crops (Kline
et al., 2023) .Flower abundance is an important component of floral resource availability, but it does not necessarily
determine honeybee visitation in a simple proportional manner. Honeybee workers are selective foragers that respond to
differences among plant species and to temporal changes in resource availability. Using DNA metabarcoding, Leponiemi
et alhoneybee hat honeybees used only a fraction of the flowering plants available in the surrounding environment and
that the time of the flowering season was one of the strongest determinants of floral-resource use. Similarly, flowering
phenology, floral characteristics, time of day, and the type of resource collected can influence bee foraging patterns and
pollination efficiency (Layek et al., 2022). The importance of these relationships is particularly evident in fruit orchards.
Apple production is strongly dependent on insect-mediated pollination for achieving adequate fruit set and fruit quality,
although the relative contributions of honeybees and wild pollinators may vary among orchards and regions (Pardo and
Borges, 2020). More recent observations in apple orchards have confirmed that A. mellifera can be one of the most
abundant visitors to apple blossoms and that visitation varies substantially among sampling dates during the flowering
period (Barda et al., 2023). Honeybees can also make a substantial contribution to pear pollination. Li et al. (2022), for
example, found that honeybees accounted for a large proportion of flower visits in pear orchards and that increased
pollinator visitation was associated with improved fruit set and fruit quality. These observations demonstrate that
quantifying flower visitation during the flowering period can provide useful information about the temporal availability
and use of floral resources by pollinators. However, the number of open flowers is only one of several factors influencing
honeybee activity.
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Nectar quantity and quality, sugar concentration, pollen availability, floral morphology, competing floral resources, and
colony requirements can influence the decisions of individual foragers. Honeybees may therefore concentrate their
activity on particular floral resources even when other flowering plants are abundant. Recent research has confirmed that
honeybees discriminate among available floral resources and that nectar and pollen sources can be selected differently
according to their nutritional characteristics and availability (Leponiemi et al., 2023). Environmental conditions further
modify these plant—pollinator relationships. Temperature, relative humidity, solar radiation, rainfall, and wind can directly
affect honeybee flight and foraging activity and can simultaneously influence nectar production and concentration. A
recent review by Vincze et al. (2025) concluded that honeybee flight and nectar collection are particularly sensitive to
short-term weather conditions, with temperature, relative humidity, solar radiation, precipitation, and wind contributing
to temporal variation in foraging activity. Despite the agricultural importance of fruit-tree pollination, information from
several geographical regions remains comparatively limited. A global review of apple pollination identified substantial
geographical gaps in the available literature, including limited information from African production systems (Pardo and
Borges, 2020). Consequently, field observations from the Mediterranean environments of North Africa can contribute
useful baseline information on the interaction between flowering dynamics and honeybee activity under local orchard
conditions. The Al-Abrag area of Jabal Al Akhdar, Libya, supports orchards of several temperate fruit species, including
plum, pear, and apple. Because these species differ in flowering timing and potentially in the quantity and quality of floral
rewards offered to bees, their flowering periods provide an opportunity to examine whether changes in flower abundance
are accompanied by corresponding changes in honeybee visitation. Such information may contribute to a better
understanding of honeybee foraging patterns in Libyan fruit orchards and provide baseline data for future studies of
orchard pollination and pollinator management. Therefore, the present study aimed to evaluate the relationship between
flowering phenology and honeybee worker visitation in plum (Prunus domestica), pear (Pyrus communis), and apple
(Malus domestica) under field conditions in Al-Abrag, Jabal Al Akhdar, Libya.

2. MATERIALS AND METHODS

Study Area
The study was conducted on a farm of approximately 50 ha located in the Al-Abrag region, Jabal Al Akhdar, Libya. The

farm was characterized by relatively dense vegetation and included several fruit-tree species, particularly plum (Prunus
domestica), pear (Pyrus communis), and apple (Malus domestica). The orchard contained approximately 200 apple trees,
24 pear trees, and 200 plum trees. Field observations were carried out from early April to early June 2015, corresponding

to the flowering periods of the three fruit-tree species investigated.

Effect of Flowering Phenology on Honeybee Worker Activity
The activity of honeybee workers (Apis mellifera L.) on the flowers of the selected plant species was monitored. For each

fruit-tree species, observations were conducted over nine consecutive flowering days. Bee visitation was recorded from
08:00 to 16:00 h within a 1 m observation area. Observations were conducted for 15 min during each hour, and the number
of honeybee workers visiting the flowers for nectar collection was recorded.

Selected flowering branches were marked at the beginning of anthesis and monitored throughout the flowering period
until flower senescence. The number of open flowers on each selected branch was recorded concurrently with honeybee
visitation. A hand-held counter was used to facilitate the counting of visiting workers and open flowers.

Statistical Analysis
All collected data were statistically analyzed using Minitab software, version 16. Mean values were calculated, and

regression analysis was performed to evaluate the relationship between the investigated variables, using the coefficient
of determination (R?) to determine the strength of the relationships. Graphs representing these relationships were
generated using Microsoft Excel.
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3. RESULT

1. Honeybee Visitation During Pear (Pyrus communis) Flowering

Pear (Pyrus communis) flowering began on 20 April 2015. On the first day of observation, the mean number of open
flowers was 215.6 flowers m?, while the mean number of visiting honeybee workers was 117.6 bees m?. (Figure 1).
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Figure 1. Mean number of Apis mellifera worker bees visiting Pyrus communis in relation to the mean number of open
flowers during the study period, with observations conducted daily from 08:00 AM to 04:00 PM (Libyan Summertime).

On the second day (21 April 2015), the mean number of open flowers increased to 228.6 flowers m?, whereas the mean
number of visiting workers declined markedly to 53.0 bees m?. On 22 April 2015, both flower abundance and bee
visitation decreased, with mean values of 217.6 flowers m? and 32.0 bees m?, respectively. On 23 April 2015, the mean
number of open flowers decreased further to 202.2 flowers m?, while the mean number of visiting workers was 34.8 bees
m?. During the remaining observation days (24, 25, 26, 27, and 28 April 2015), the mean number of open flowers was
substantially lower than during the initial flowering period, at 123, 90.4, 65, 55.4, and 44.4 flowers m?, respectively.
Correspondingly, relatively low and variable numbers of honeybee visitors were recorded, averaging 21.82, 0.551, 22.2,
12.6, and 0.00 bees m?, respectively (Figure 1). Overall, these observations indicate that honeybee visitation generally
varied with flower abundance during the flowering period; however, the lack of a consistent proportional increase in bee
numbers with increasing flower abundance suggests that flower density alone did not fully explain the temporal variation
in honeybee visitation. Other factors, including nectar availability, weather conditions, and time-dependent changes in
floral attractiveness, may also have contributed to the observed pattern. The results indicated a positive but relatively
moderate association between the number of open flowers and honeybee visitation (Figures. 2).
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Figure 2. Relationship between the number of open flowers of Pyrus communis and honeybee visitation, during
the flowering period from 20 to 28 April 2015; observations were conducted from 08:00 to 16:00 h local time.

2. Honeybee Visitation During Apple (Malus domestica) Flowering

Flowering of apple (Malus domestica) began in late April. On the first observation day (23 April 2015), the mean number
of open flowers was 235.8 flowers m?, while the mean number of visiting honeybee workers was 165.4 bees m2. On 24
April 2015, the mean number of open flowers decreased to 295.2 flowers m?, whereas honeybee visitation increased
markedly to its highest recorded level of 225.3 bees m? On 25 and 26 April 2015, the mean number of open flowers
increased t0340.6 and 259.2 flowers m?, respectively. However, the corresponding mean numbers of visiting workers
were 21.5 and 145.0 bees m?, indicating substantial temporal variation in bee visitation despite the relatively high
abundance of flowers. On 27 and 28 April 2015, the mean number of open flowers were 293.4 and 103.8flowers m2,
respectively, while the mean number of visiting honeybee workers was 145.2 and 115.4 bees m?, respectively. On 29 April
and 1 May 2015, flower abundance declined considerably to 144.2 and 0.0 flowers m?, respectively, accompanied by
relatively low honeybee visitation rates of 5.18 and 28.4 bees m2. On 30 April 2015, both flower abundance and honeybee
visitation increased relative to the preceding observation, reaching mean values of 104.4 flowers m? and 71.96 bees m?,
respectively (Figure 3). Overall, the results suggest that honeybee visitation tended to increase with flower abundance
during some stages of the flowering period. However, this pattern was not consistent across all observation days, as
relatively high flower densities were sometimes accompanied by low bee visitation rates. This indicates that flower
abundance alone did not fully account for variation in honeybee visitation, and that other factors, such as nectar
availability, temperature, relative humidity, time of day, and changes in floral attractiveness, may also have influenced
foraging activity.
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Figure 3. Mean number of Apis mellifera worker bees visiting Malus domestica and the corresponding mean number of
open flowers during the study period; observations were conducted from 08:00 to 16:00 h local time.

The results showed a relationship between the number of open flowers and the number of honeybee workers visiting,
although the association was relatively weak (Figure 4).
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Figure 4. Relationship between the number of open flowers of M. domestica and honey beesvisitation, during the study
period from April 23, 2015, to May 1, 2015; observations were conducted from 08:00 to 16:00 h local time.
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3. HoneyBee Visitation During Plum (Prunus domestica) Flowering

The results obtained showed a strong positive association between the number of open flowers and the number of visiting
honeybee workers (Figure 5). Flowering of plum (Prunus domestica) began in mid-April. On the first day of observation
(14 April 2015), the mean number of open flowers was 288.8 flowers m?, while the mean number of visiting honeybee
workers was 120.6 bees m?. The number of open flowers increased further during 15, 16, and 17 April 2015, with
noticeable day-to-day variation in the number of bee visitors. On the third day (16 April 2015), the mean number of open
flowers reached 374.6 flowers m?, and this coincided with the highest recorded rate of honeybee visitation, with a mean
0f225.9 bees m?. On the fourth day (17 April 2015), the flowering period reached its peak, with the mean number of open
flowers rising to 497.6 flowers m?; however, the mean number of visiting workers declined to 175.80 bees m?, showing
an inverse pattern on that day. Thereafter, the number of open flowers declined progressively during 18, 19, 20, 21, and
22 April 2015, accompanied by a clear reduction in the number of honeybee workers visiting. The lowest flowering
intensity was recorded on the ninth day (22 April 2015), when the mean number of open flowers was 112 flowers m?,
compared with a marked decline in bee visitation to 0.20 bees m2. Overall, these results indicate that an increase in the
number of open flowers was generally associated with an increase in the number of visiting honeybee workers. However,
on some observation days, an opposite pattern was also observed, in which higher flower abundance did not correspond
to a higher number of visitors.
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Figure (5). Mean number of Apis mellifera worker bees visiting Prunus domestica in relation to the mean number of
open flowers during the study period; observations were conducted from 08:00 to 16:00 h local time.

The results obtained showed a strong positive association between the number of open flowers and the number of visiting
honeybee workers (Figure 6).
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Figure 6. Relationship between the number of open flowers of P. domestica and honeybee visitation during the study
period (April 14-22, 2015). Observations were conducted from 08:00 to 16:00 h local time.

5. DISCUSSION
The present study showed that the activity of honeybee workers (Apis mellifera L.) varied throughout the flowering
period of the three fruit-tree species investigated. However, the correspondence between flower abundance and bee
visitation differed among plum (Prunus domestica), pear (Pyrus communis), and apple (Malus domestica), indicating that
changes in the number of open flowers alone were not sufficient to explain the temporal pattern of honeybee activity.
In plum (P. domestica), flower abundance and honeybee visitation showed the closest correspondence among the three
fruit species. Flowering began on 14 April 2015, when relatively high numbers of both open flowers and visiting workers
were recorded. Peak flowering occurred on 17 April 2015, whereas the highest honeybee visitation rate was recorded one
day earlier, on 16 April 2015. Thereafter, the decline in flower abundance was generally accompanied by a reduction in
bee visitation, although some day-to-day variation occurred. This overall pattern is consistent with the importance of
spring-flowering fruit trees as concentrated sources of nectar and pollen for bees, while also showing that maximum floral
abundance does not necessarily coincide precisely with maximum foraging activity. Recent work on early-spring floral
resources has similarly demonstrated that plum, pear, and apple contribute sequential pulses of nectar and pollen
availability, with pollinator use varying through this relatively short flowering period.
In pear (P. communis), the correspondence between flower abundance and honeybee visitation was less pronounced.
Flowering began on 20 April 2015, when the highest number of visiting honeybee workers was recorded, whereas
maximum flower abundance occurred on 21 April 2015, accompanied by a marked decrease in bee visitation. During the
following days, flower abundance generally declined, while the number of visitors remained variable. These findings
suggest that the attractiveness of pear flowers to honeybees was not determined solely by flower density. This
interpretation is supported by recent research showing that pear orchards may experience relatively low pollinator
visitation because pear nectar can contain lower sugar concentrations than nectar from some simultaneously flowering
fruit trees and because weather during bloom can further restrict pollinator activity (Lenzi et al., 2026).
The apple (M. domestica) results showed a comparable pattern. Flowering began on 23 April 2015, and peak bloom
occurred on 26 April 2015. Nevertheless, the highest number of honeybee visitors was recorded on 24 April 2015, when
the number of open flowers was lower than at peak flowering. Consequently, peak honeybee visitation did not coincide
with maximum flower abundance. Similar temporal variation has been reported in apple orchards. (Barda et al. 2023).
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found that honeybee visitation changed significantly among observation dates during apple bloom and that the abundance
of open apple flowers contributed to attraction, although visitation was also influenced by conditions operating at
particular dates. More recent work in intensive apple orchards has likewise shown that date, time of day, and temperature
are important determinants of flower-visiting insect abundance (Granata et al., 2025).

The present findings partly differ from those reported by Salem (2005) for Arbutus pavarii, Marrubium vulgare, and
Thymus capitatus in Jabal Al Akhdar. Salem reported that the number of honeybee workers increased as the number of
open flowers increased, reaching a maximum close to peak flowering, followed by a decline in visitation as flowering
decreased. In the present study, this pattern was more evident in plum, whereas it was less consistent in pear and apple.
Such differences among plant species are biologically plausible because honeybees do not forage simply according to the
number of flowers available; rather, they make selective choices among floral resources according to their profitability
and accessibility.

This interpretation is strongly supported by recent studies of honeybee foraging. (Leponiemi et al. 2023), using DNA
metabarcoding, demonstrated that honeybees utilized only a fraction of the flowering plants available in the surrounding
environment and that floral-resource selection changed markedly over the flowering season. Their results indicate that
resource availability does not automatically translate into proportional use by honeybees and that bees exhibit
considerable selectivity among available plant resources.

The quantity and quality of floral rewards may therefore explain part of the differences observed among plum, pear, and
apple. Nectar represents the principal carbohydrate reward for honeybees, but its attractiveness depends not only on
volume but also on sugar concentration and chemical composition. Nectar quality may vary substantially among plant
species, individual flowers, and environmental conditions. (Nicolson ,2022) emphasized that nectar quality cannot be
reduced to sugar concentration alone because amino acids, secondary metabolites, water content, and other chemical
components may also influence pollinator behavior. Honeybees are also capable of assessing nectar quantity and sucrose
concentration and incorporating these rewards into their foraging decisions (Brunet and Minahan, 2024).

This explanation is particularly relevant to the present study because previous work conducted in Jabal Al Akhdar, Libya,
on the same three fruit species demonstrated differences in nectar secretion and honeybee foraging behavior among P,
domestica, P. communis, and M. domestica.( Essa and Bataw (2020) reported temporal variation in nectar production and
honeybee activity, with plum producing comparatively high nectar volume at certain observation times and pear showing
much lower nectar availability at other times of the day. They also reported differences in handling and travelling times
among the three fruit species. These findings provide local evidence that floral reward characteristics may contribute to
the differences in visitation observed in the present study.

Therefore, a relatively large floral display may not necessarily receive the highest number of honeybee visits if individual
flowers provide a poorer reward than competing floral resources. Honeybees can adjust their foraging decisions based on
nectar profitability, floral signals, prior experience, and alternative resources in the surrounding landscape. Modern
reviews of honeybee pollination ecology emphasize that foraging decisions operate hierarchically, from selecting a floral
patch to selecting a plant species, individual plant, inflorescence, and ultimately individual flowers. Visual and olfactory
cues, together with the perceived quality of the floral reward, can therefore influence whether workers continue to exploit
or abandon a particular floral resource (Brunet and Minahan, 2024).

Weather conditions may provide an additional explanation for the day-to-day variation recorded in the present study.
Honeybee foraging activity is highly sensitive to air temperature, relative humidity, solar radiation, rainfall, cloud cover,
and wind speed. These factors can directly affect flight activity and may also indirectly modify nectar secretion, nectar
concentration, and floral attractiveness. A recent comprehensive review concluded that honeybee foraging generally
responds positively to suitable temperatures and solar radiation, whereas rainfall, excessive wind, and unfavorable
humidity can restrict foraging. Importantly, the effects of weather vary among plant species and according to the
phenological stage of flowering (Vincze et al., 2025).

The timing of observations within the day may also have contributed to the variation in visitation. Nectar and pollen
availability are not constant throughout the day, and honeybees adjust their activity to the temporal pattern of floral reward
production. Recent evidence indicates that pollen and nectar collection from fruit trees may peak at different times, with
pollen collection often reaching maximum levels in the late morning and nectar collection later in the day. Consequently,
the number of bees observed at a given time can reflect an interaction among flower abundance, resource type, nectar
secretion, and prevailing weather rather than flower number alone.
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Taken together, the differences observed among plum, pear, and apple are likely to result from the combined influence of
flower abundance, flowering stage, nectar quantity and quality, floral attractiveness, plant species, alternative floral
resources, time of day, and prevailing environmental conditions. The fact that peak flowering did not consistently coincide
with peak honeybee visitation, particularly in pear and apple, supports the view that honeybee foraging activity is
governed by multiple interacting factors rather than by floral abundance alone.

Future studies should therefore include multiple orchards and flowering seasons, direct measurements of floral rewards,
detailed weather variables, colony characteristics, and statistical models that simultancously evaluate the effects of
flowering intensity and environmental conditions. Measurements of fruit set and fruit quality would also help establish
the functional consequences of variation in honeybee visitation.

This study was conducted in a single orchard during one flowering season. The relatively short observation period and
the use of a limited number of flowering days restrict the extent to which the observed relationships can be generalized
across years or orchards. In addition, although temperature and relative humidity were recorded, other potentially
important factors such as wind speed, solar radiation, competing floral resources, colony strength, nectar secretion, and
pollen availability were not incorporated simultaneously into the statistical analysis. The results should therefore be
interpreted as baseline observational evidence of temporal associations between flowering intensity and honeybee
visitation rather than as evidence of direct causal effects.

Conclusion: Honeybee visitation varied markedly during the flowering periods of plum, pear, and apple in Al-Abrag,
Jabal Al Akhdar. Plum showed the strongest correspondence between open-flower abundance and honeybee visitation,
whereas this association was weaker and less consistent in pear and apple. Peak flowering did not necessarily coincide
with peak visitation, indicating that temporal variation in honeybee use of orchard flowers cannot be attributed to flower
abundance alone. Differences in floral rewards and environmental conditions may contribute to these patterns, but these
factors require direct testing. The present study provides baseline information on honeybee fruit tree interactions in
northeastern Libya and highlights the need for replicated, multi-season studies incorporating floral rewards, weather
conditions, colony characteristics, and measures of pollination outcome.
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