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ABSTRACT

This work is considered as a first study in Western
Egypt to evaluate the effect of honeybee presence on
solitary bee species abundance, a case study of four crops
in Alexandria Governorate at Al Hawaria region. Our
results reported that the full blooming (mid-season) was
more attractive to bees than the other blooming periods
during different hours especially, at noon hours from 11
am. to 1 p.m. in the two types of bees. In general, the
visitation rates of insect pollinators were influenced by the
blooming period of crops and the hours of the day. The
competition between honeybees and solitary bees for floral
resources was varied significantly between solitary bee
species and from plant to another. However, the visitation
rates of solitary bees to flowers of Egyptian clover were
reached its peak in all study sites in the absence of
honeybees. By analyzing the soil texture of the study area
revealed that the soil texture is sandy loam which is most
favorable for many ground- nesting bee species. Three
different nest types were found in the study region, the
first one in ground- nesting represented a nest of the tribe
Anthophorinii, the second was in stem nesting bees of
Xylocopa pubescens and the third type inside shell of a
species of Osmia.

Key words: Honeybees, Solitary bees, Competition,
Floral resources.

INTRODUCTION

Bees are one of the most diverse and important
insect group. They are diverse in terms of species
diversity, sociality, and nesting biology (Michener,
2007). Among 107 global crops 90 are visited by bees,
being the most important group of pollinators (Klein et
al., 2007). Certain wild bees are more superior to
honeybees for pollination (Kamel et al., 2007). There
are 20.000 species of bees are known worldwide
(Michener, 2007). The high production and successful
yield of apple orchards depended on insect pollinators
(Garratt et al., 2014). Some authors found a competition
between honeybees and solitary bees on floral resources
(Shavit et al., 2009; Ropars et al., 2020 and Weekers et
al., 2022).

The bee fauna in the Mediterranean region is varied,
which could be due to variations in size, local
vegetation, temperature, rainfall, edaphic, and
topographic conditions (Al Ghzawi et al., 2006), but for
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Egypt very few information is known (Shebl et al.,
2013).

Most of the previous studies were targeting
honeybees and beekeeping practices (Zaghloul et al.,
2017), ignoring other bee species. Therefore, there are a
lot of unknown information about non-Apis, and more
research should be done. Since then, few works were
done in the last two decades intensively in Eastern
Egypt. Hence, the western Egypt is expected to have
diverse bee groups.

The current study is one of more steps for further
research in Alexandria (Western Egypt) to evaluate the
effect of honeybee presence on solitary bee species
abundance.

MATERIALS AND METHODS

The study area was Al-Hawaria region 30 57’ 13” N
29 40°27” E. at Burj -Al Arab city located on the west
of Alexandria in Egypt. This area was away from
urbanization and other anthropogenic changes
conditions. The area of study had no beekeeping
activity, but one swarm of honeybees (Apis mellifera L.)
was present in a gap between two walls.

Bee collection:

The field area was about one feddan per crop which
divided into four replicates, each one was 100 m?, the
distance between each replicate was 40 meters in case
of broad bean, squash and Egyptian clover, whereas in
apple the feddan also divided into four replicates, each
one was represented by 5 apple trees. The distance
between one replicate to another was above 40 meters.
The insects visiting blooms of four crops were
continuously collected at three different hours of the
day, morning (9-11 a.m.), noon (11 a.m. — 1 p.m.) and
afternoon (1-3 p.m.) during three different periods of
blooming as shown in Table (1). Collection of bees
using the sweeping method was carried out. The
sweeping net had a circular opening of a 42 cm. in
diameter and a hand of a 68 cm. in length. The insects
were collected during the flowering periods of broad
bean, squash, and Egyptian clover by taking 20 single
sweeps per replicate during three times per day. The
total number of sweeps which represented the samples
were 240 sweeps per day for each flowering period
whereas in apple trees, the insects were collected by
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Table 1. Flowering periods of crops

Crops Broad bean Apple Squash Egyptian clover
Blooming
periods
Early blooming 16-1-2022 20-3-2022 22-4-2022 29-4-2022
Mid blooming 10-2-2022 27-3-2022 1-5-2022 13-5-2022
Late blooming 7-3-2022 3-4-2022 10-5-2022 27-5-2022

taking 25 single sweeps between and down rows of
apple trees for each replicate during three times per day.
The total number of sweeps which represented the
samples were 300 sweeps per day for each flowering
period.

Cyanide jars were used for Killing the captured
insects from which each replicate placed in individual
jar in the field and transferred to the laboratory for
identification. In the lab, each specimen was pinned and
attached to a separate label containing the collecting
time and date, area of collection and scientific name of
plant species. All collected specimens were kept in
wooden boxes supplied with foam plates for pinning a
long with naphthalene balls to enable long storage
without pest damage.

Bee identification:

Identification of bees were done by using reference
collections of Department of Entomology, Faculty of
Science Ain shams University, and Department of Plant
Protection, Faculty of Agriculture, Suez Canal
University, Egypt. In addition, some species were sent
to some European taxonomists especially tribes of
Osminii and Anthidini. Online data base and Atlas of
Hymenoptera were also used to confirm the identity of
some species (Walsh et al, 2022). Stereoscopic
microscope was used to check different taxonomic
characters of bees.

Soil nesting habitat analysis:

Soil samples were collected from four different sites
to characterize soil properties preferred by ground
nesting bees present in Al Hawaria region. Soil samples
were taken on different deeps at 0-10, 10-30, and 30-50
cm. Samples were analyzed for particle size
distribution, texture, pH, soluble salts and soluble
cations and anions, as described by Page et al. (1982).
The analysis was done in Soil and Water Science
Department in Faculty of Agriculture, at Alexandria
University.

Statistical analysis:

The experimental design in this study was split-plot
design with 4 replicates. The main plots were assigned
to season of blooming periods, while the sub plots were

assigned to daily periods for the two types of bees
(solitary and honeybees). Analysis was performed
according to Gomez and Gomez (1984) using SAS
(statistical Analysis System) version 9.1 (2002).
Comparison of means was performed using Least
Significance Difference (L.S.D) at 0.05 level of
probability. Numbers of bees were transformed using
square root transformation prior to analysis of variance.
The Statistical analysis was done in Crop Science
Department in Faculty of Agriculture, at Alexandria
University.

RESULTS AND DISCUSSION

Survey of the most insect pollinators captured
during the flowering period of broad bean (Vicia
faba L.) at different hours of the day:

Honeybees were calculated as the most important
abundant pollinators with higher visitation rates with
(120) visits, while solitary bees recorded (90)
individuals during the flowering period of broad bean
from 16" of January 2022 to 7" of March 2022 at
different hours of the day as shown in Table (2).

The significance between averages during different
hours of the day of solitary bees showed that there were
significant differences between noon hours from 11 a.m.
to 1 p.m. and afternoon from 1 to 3 p.m., but
insignificant differences existed between morning from
9to 11 a.m. and noon from 11 a.m. to 1 p.m. as well as
between morning from 9 to 11 a.m. and afternoon
during 1 to 3 p.m. Concerning the blooming period of
broad bean. The data showed that the differences
between averages were not significant during the three
periods of blooming.

With respect of the visitation frequency of
honeybees was also estimated as shown in Table (2).

Significance of average visitation rate of honeybees
revealed that insignificant differences between hours
from 9-11 a.m. and 11 a.m. to 1 p.m. were existed, but
significant differences were occurred at afternoon
between 1-3 p.m. and morning from 9-11 a.m. The same
trend was also noticed between afternoon from 1-3 p.m.
and noon from 11 a.m. to 1 p.m.
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Table 2. Number of insects collected during the blooming period of broad bean (Vicia faba L.) at different

hours of the day

Bees & Solitary bees *Total *Average Honeybees *Total *Average
Hours Day hours Day hours

Season 9-11 11-1 1-3 9-11 11-1 1-3
Early season 9 13 8 30 250a 12 9 9 30 250hb
16-1-2022
Mid-season 11 13 9 33 2.75a 18 23 47 88 7.33a
10-2-2022
Late season 7 12 8 27 2.25a 1 0 1 2 0.17c
7-3-2022
*Total 27 38 25 90 31 32 57 120
*Average 225ab 3.16a 2.08b 750 a 258b 2.66b 475a 10.00 a

*Total for four replications.

*Average followed by the same letter are not significant according to L.S.Dy s

Regarding the flowering period of broad bean, the
significance between averages showed that there were
significant differences between the three flowering
periods occurred.

From the previous results, it could be reported that,
the visitation rate of honeybees to flowers of broad bean
was peaked at afternoon hours between 1-3 p.m. during
the mid-season blooming, while in those of solitary
bees, this rate was highest at noon hours from 11 a.m. to
1 p.m. and during the mid- season as well as the
honeybees’ visits.

All collected specimens were belonged to five
genera under three families (Apidae, Andrenidae, and
Megachilidae). The insect pollinators visiting flowers of
broad bean include the following genera, Anthophora
were the most bee visitors with 71 individuals (78.88%
of the total abundance), followed in a descending order
by Andrena with 9 individuals (10%), Xylocopa with 7
individuals (7.77%), Melecta with 2 individuals
(2.22%). The lowest value with one individual (1.13%)
was recorded belonged to the genus Osmia. The present
results confirm those of Shebl and Farag (2015) and
Badawy et al. (2020), they found that Anthophora
species are the most abundant species and very good
pollinators to flowers of broad bean in northern
temperate and African regions especially in Egypt
fauna.

Concerning the competition between solitary bees
and honeybees for floral resources. The average
visitation rate of honeybees to flowers of broad bean
tends to be higher with (10) individuals than (7.50)
individuals which was recorded in those of solitary
bees. Although the visitation rate of honeybees tends to
be higher than solitary bees, the differences between
averages were not significant. As previously mentioned,
it could be reported that Anthophora species (Large
sized bees) were the most abundant and active
pollinators to the flowers of broad bean. These results
are nearly similar to those of Henry and Rodet (2018),
they reported that large solitary bees are more impacted
than small bees by competition from managed
honeybees, and also Iwasaki and Hogendooren (2022)
reported that the size of solitary bees plays an important
role in the competition between honeybees and solitary
bees.

Survey of the most insect pollinators captured
during the flowering period of apple (Malus
domestica Borkh.) at different hours of the day:

Honeybees were the most frequent apple blooms
visitors with a total of (101) individuals followed by
(84) visits were recorded in those of solitary bees during
the blooming period of apple from 20™ of March 2022
to 3 of April 2022 at different hours of the day as
shown in Table (3).
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Table 3. Number of insects collected during the blooming period of apple (Malus domestica) at different hours

of the day
Bees & Solitary bees *Tota *Average Honeybees *Tota *Average
Hours Day hours | Day hours |
Season 9- 11-1 1-3 9-11 11-1 1-3
11
Early Season 2 11 3 16 1.33b 9 11 6 26 2.16b
20-3-2022
Mid -Season 14 15 6 35 291 a 17 23 16 56 4.66a
27-3-2022
Late Season 8 16 9 33 2.75ab 5 8 6 19 1.58b
3-4-2022
*Total 24 42 18 84 31 42 28 101
*Average 20 350a 150b 6.91b 258b 350a 233b 84la
Ob

*Total for four replications.

*Average followed by the same letter are not significant according to L.S.Dy s

The differences between averages of solitary bees
showed that there were significant differences between
noon hours from 11 a.m. to 1 p.m. and morning hours
during 9-11 a.m. as well as between noon hours from 11
am. to 1 p.m. and afternoon between 1-3 p.m., but
insignificant differences between morning from 9-11
a.m. and afternoon during 1-3 p.m. were found.

Concerning the blooming period of apple, the
significance of the average visitation rate revealed that
there were significant differences between mid-season
and early season occurred, but insignificant differences
between mid — season and late season were existed as
well as between late season and early season.

With respect of the foraging activity of honeybees
was also studied as shown in Table (3). The differences
between averages showed that there were significant
differences between noon hours from 11 a.m. to 1 p.m.
and morning hours between 9- 11 a.m. The same trend
was noticed between noon hours from 11 a.m. to 1 p.m.
and after noon hours during 1-3 p.m., but insignificant
differences were existed between morning hours from
9-11 a.m. and after noon hours during 1-3 p.m.

Concerning the blooming period of apple, the
significance reported that there were significant
differences between mid-season and early season
occurred as well as between mid-season and late season,
but insignificant differences were existed between early
season and late season. Generally, the data strongly
showed that, the visitation frequencies of solitary bees
and honeybees were significantly higher in mid -season
blooming than the other periods of blooms, and the
largest number of insect pollinators were observed
during noon hours from 11 a.m.- 1 p.m.

All collected specimens were belonged to five
genera related to three families (Andrenidae, Halictidae
and Apidae). The insect pollinators visiting flowers of

apple include the following genera, Andrena were the
most bee visitors with 78 bees (92.85% of the entire
catch), followed by Lasioglossum with 2 bees (2.38%),
Sphecodes with 2 bees (2.38%), Anthophora with one
bee (1.19%), finally Xylocopa with one bee (1.19%).

With respect of competition between solitary bees
and honeybees for floral resources, the data showed that
the average visitation rate of honeybees to flowers of
apple was significantly higher with (8.41) individuals
than those recorded in solitary bees with (6.91)
individuals. From the previous data, it could be
mentioned that Andrena sp (small-sized bees) were the
most abundant and active pollinators of apple flowers.
These results corroborate those of Smith et al. (2013),
they reported that managed honeybees might limit small
solitary bees to exploit cucumber blooms as a food
source.

Survey of the most insect pollinators captured
during the flowering period of squash (Cucurbita
pepo L.) at different hours of the day:

We surveyed a total of (30) solitary bees and (26)
visits by honeybees during the blooming period of
squash from 22" of April 2022 to 10" of May 2022 at
different hours of the day as shown in Table (4). In
general, the data showed a low attractiveness of squash
to insect pollinators, this may be due to the little number
of flowers which open each day.

The significance of average visitation rate of solitary
bees showed that there were significant differences
between morning from 9-11 a.m. and afternoon hours
during 1-3 p.m. occurred as well as between noon from
11 a.m. to 1 p.m. and afternoon hours during 1-3 p.m.,
but insignificant differences were found between
morning from 9-11 a.m. and noon from 11 a.m. to 1
p.m.
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Table 4. Number of insects collected during the blooming period of Squash (Cucurbita pepo L.) at different

hours of the day

Solitary bees *Total *Average Honeybees *Total *Average
Day hours Day hours

Season 9-11 11-1 1-3 9-11 11-1 1-3
Early season 3 3 0 6 0.50b 2 6 0 8 0.66 a
22-4-2022
Mid- season 8 4 1 13 1.08a 4 6 1 11 091a
1-5-2022
Late season 6 5 0 11 0.91 ab 5 2 0 7 0.58 a
10-5-2022
*Total 17 12 1 30 11 14 1 26
*Average 141a 100a 0.08b 250 a 09la 116a 0.08b 2.16 a

*Total for four replications.

*Average followed by the same letter are not significant according to L.S.Dy s

Concerning the blooming period of squash, the
significance between averages revealed that there were
significant differences between mid-season and early
season occurred, but insignificant differences were
existed between mid-season and late season as well as
between early season and late season.

With respect of the visitation rate of honeybees was
also estimated and the data are given in Table (4).

The different between averages reported that there
were significant differences between morning hours
from 9-11 a.m. and afternoon from 1-3 p.m. occurred as
well as between noon during 11 a.m. — 1 p.m. and
afternoon from 1-3 p.m., but insignificant differences
were existed between morning hours from 9-11 a.m. and
noon from 11 a.m. — 1 p.m.

Regarding the blooming period of squash, the
significance of average visitation rate of honeybees
showed that insignificant differences between the three
flowering periods were existed.

All specimens were belonging to five genera related
to four families (Andrenidae, Apidae, Megachilidae and
Halictidae). The insect pollinators visiting flowers of
squash include the following genera, Andrena were
most abundant one with 13 individuals (43.3% of the
entire catch), Xylocopa came next in frequency being 11
individuals (36.6%), Osmia with 3 individuals (10%),
Halictus with 2 individuals (6.6%), lastly Nomada with
one individual (3.3%).

Concerning the competition between solitary bees
and honeybees for floral resources. The average
visitation rate of solitary bees to the flowers of squash
tends to be higher with (2.50) individuals than those was
recorded in honeybees with (2.16) individuals. The
differences between averages were not significant. As
previously mentioned, it could be reported that the two
solitary bee genera, Andrena (small- sized bees) and

Xylocopa (large- sized bees) were the most abundant
visitors to the flowers of squash, and the solitary bees
may compete with honeybees for floral resources,
especially during morning hours from 9-11 a.m. and
noon hours between 11 a.m.- 1 p.m., respectively, while
the lowest abundance of bee visits was recorded at
afternoon hours during 1-3 p.m. These results confirm
those of Shemetkov (1960); Amaral et al. (1963) and
Hossain et al. (2018), they reported that cucurbit
flowers remained open for one day and the bees
gathered cucurbit pollen grains heavily at morning
hours from 8-10 a.m. and nectar between 10 a.m.- noon
hours. Once flowers closed at afternoon hours, they
never reopened. Also, the report of Henry and Rodet
(2018) suggested that large -sized solitary bees were
more impacted by competition from honeybees than
small -sized bees. The competitive effects of honeybees
on solitary bees to exploit the wild Cistus creticus plants
as a food source was mostly expected, but without any
significant differences (Goras et al., 2016).

Survey of the most insect pollinators captured
during the flowering period of Egyptian clover
(Trifolium alexandrinum L.) at different hours of the
day:

The foraging activity of solitary bees to flowers of
Egyptian clover was reached its peak in all studied sites
with (678) individuals in the absence of honeybees. This
might be due to solitary bees did not find any impact
from honeybees on their visitation rates, during the
blooming period of clover from 29" of April 2022 to
27" of May 2022 at different hours of the day as shown
in Table (5).
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Table 5. Number of insects collected during the blooming period of Egyptian clover (Trifolium alexandrinum

L.) at different hours of the day

Bees & Solitary bees *Total *Average
Hours Day hours

Season 9-11 11-1 1-3
Early -season 49 54 44 147 12.25b
29-4-2022
Mid- season 148 129 78 355 29.58 a
13-5-2022
Late season 81 57 38 176 14.66 b
27-5-2022
*Total 278 240 160 678
*Average 23.16 a 20.00 a 13.33b

*Total for four replications.

*Average followed by the same letter are not significant according to L.S.Dg s

The significance between averages during different
hours of the day showed that there were significant
differences between noon from 11 a.m.-1 p.m. and
afternoon during 1-3 p.m. occurred as well as between
morning from 9-11 a.m. and afternoon between 1-3 p.m.
But insignificant differences between morning from 9-
11 a.m. and noon from 11 a.m. to 1 p.m. were existed.

With respect of the flowering period of Egyptian
clover, the data revealed that there were significant
differences between mid-season and early season
existed. The same trend was noticed between mid-
season and late season, but insignificant differences
were existed between early season and late season. As
previously mentioned, the full bloom (mid-season) was
more attractive to bees than the other blooming periods
during different hours of the day, especially at noon
hours from 11 a.m. to 1 p.m. in the two types of bees. In
general, the data strongly showed that the visitation
rates of insect pollinators were influenced by the
blooming period of crops and the hours of the day.

All collected specimens were belonging to 11 genera
under five families (Andrenidae, Halictidae,
Megachilidae, Colletidae and Apidae). The insect
pollinators visiting flowers of clover were included the
following genera, Andrena were most abundant one
with 564 individuals (83.18% of the total abundance)
followed by Halictus with 47 individuals (6.93%),
Megachile with 34 individuals (5.01%), Colletes with
10 individuals (1.47%), Sphecodes 8 individuals
(1.17%), Pseudoapis with 5 individuals (0.73%),
Xylocopa with 4 individuals (0.58%), Lasioglossum
with 2 individuals (0.29%), Nomada with 2 individuals
(0.29%), Eucera with one individual (0.14%), and lastly
the genus Osmia with one individual (0.14%).

These results agree with they of El Aaser (2013);
Shebl and Farag (2015) and Hossain et al. (2018), they
found that the largest number of bees recorded on the

flowers of Egyptian clover was the genera Andrena and
the foraging activity of insect pollinators were increased
gradually during the season progressed and were
reached its peak in mid-season blooming at noon hours
froml1llam.tolp.m.

Generally, it could be reported that the impact of
honeybees on solitary bees varied significantly between
solitary bee species and from plant to another. The
present results corroborate those of Shavit et al. (2009);
Ropars et al. (2020) and Weekers et al. (2022), they
found that solitary bee’s diversity was decreased in the
presence of beehives and the honeybees had a
significant and negative effect on the species richness of
wild bees in some cases, while in other cases, they did
not find evidence for such competition. Finally, the
competition between honeybees and solitary bees for
floral resources remain unclear and need for further
research to have an overview with other crops in other
regions especially in Egypt fauna. Therefore, future
plans could be prepared for developing migratory
beekeeping in order to protect wild bee fauna and their
pollination services.

Bee nesting habitats:

Most of wild bee nest in soil and stay underground
most of its life cycle. The nest construction differs
between ground- nesting bee species and this
construction depends mainly on abiotic factors such as
soil texture, soil compaction, soil moisture, temperature,
and soil surface features. Other biotic factors such as
floral and nesting resources, natural enemies, and
presence of conspecifics (Antoine and Forrest, 2020).

Soil samples at 0-10, 10-30 and 30-50 cm deeps.
were collected from four sites represented the study
area. Samples were analyzed for particle size
distribution, texture, pH, soluble salts, soluble cations
and anions. Results were illustrated in Tables (6 & 7).
The data showed that the soil texture was sandy loam
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Table 6. Particle size distribution and texture

Texture Sandy Silt Clay
Sandy loam 70.5 % 11% 18.5 %
*Average of the different depth and sites.
Table 7. Chemical properties of the soil extract
EC pH Na Ca Mg K Cl Hcos Cos S04
ds/m meq. /L
1.85 8.28 10.6 3.9 3.7 1.1 6.5 2.7 0.0 9.3
*Average of the different depth and sites.
with relative high sand content (70.5 %) while silt and CONCLUSION

clay was 11 and 18.5 %, respectively as shown in Table
(6).

The results agree with those obtained by Shebl et al.

(2016) and Antoine & Forrest (2020). They found that
the soil texture (sandy loam) is most favorable for many
ground- nesting bee species.
Concerning soil salinity, data exhibited that soil was
non- saline since EC was less than 4 ds/ m (1.85 ds/m).
the dominant soluble cation as sodium (10.6 meg. /L)
followed by calcium and magnesium while potassium
was low as shown in Table (7). On the other hand,
sulfate and chloride were the main anions. However no
obvious change was observed with depth or between
different sites

As previously mentioned, soil properties reflect
moderate aeration, water movement hardness which
enhance the penetration of insects into the soil to build
their nests.

Three different nest types were found in the study
region. The first type was ground- nesting represented a
nest of the tribe Anthophorinii in April 2022.

The second type was stem nesting bees, three wood
nests of Xylocopa pubescens were found at three
different seasons, one nest in winter, one in spring and
one in summer 2022. So, it is expected that Xylocopa
pubescens are active during the whole year. A lot of
holes were noticed and opened to several brood
chambers full of pollen balls and the one larva for each
chamber. The same trend of nesting biology was found
on other species such as Xylocopa fenestrate (Ali et al.,
2016). The third type of nest was noticed inside shell of
a species of the genus Osmia. Inside the snail shell a
yellowish pollen ball was noticed in May of 2022. Many
Osminii and other Megachilids need snail nest and other
materials for building their nests, most of the species are
cavity nesting bees (Shebl et al., 2018).

There are several advantages in Al- Hawaria region
which encourage solitary bee’s populations such as less
beekeeping activities and less anthropogenic effects. So,
with more field expeditions more information could be
explored with more opportunities to discover several
nests and new taxa of the region.

The visitation rates of insect pollinators were influenced
by the blooming periods of crops and the hours of the
day.

The impact of honeybees on solitary bees varied
significantly between solitary bee species and from
plant to another. Finally, the competition between
honeybees and solitary bees remains unclear and need
for further researches to an overview with other crops in
other regions especially in Egypt fauna. However, it is
difficult to reach a conclusion in this respect.

There are several advantages in Al- Hawaria region
which encourage solitary bee’s populations such as less
beekeeping activities and less anthropogenic effects. So,
with more field expeditions more information could be
explored with more opportunities to discover several
nests and new taxa of the region.
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