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HISTORY Abstract: The aim of this study to survey the bees species using nesting traps, deter-
mine the diameter and material of which the nests were made. This study was conducted

REcei at the Researches and experiments Station of the Faculty of Agriculture, University of

Tripoli, using nesting traps. Traps were designed with diameters of 5,8,10 mm paper and
5 mm plastic drinking straws(tubes) with 20 cm long), the traps were mounted on trees
that surrounding alfalfa field. The results showed that the percentage of occupied nests,
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Libya the straw was crucial in determining the sexual ratio, straws with 5 mm of diameter as
the ratio of males to females was 19:1J, whether paper or plastic strews, while 8 mm
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Recently with the management of bumblebee
colonies (Apidae: Bombini), which are com-

INTRODUCTION

Apoidea bees are the most important pollina-
tors (Kevan, 1983), their release into farmland
is the fastest and most effective way to pro-
vide sufficient numbers to meet the pollina-
tion requirements of many crops, and this is
most often achieved with the use of honey
bee hives (Apidae: Apini) (Free, 1993).

mercially available all year round, they have
proven to be invaluable in pollinating plants
in greenhouses (Kevan, 1991; Thorp, 2003).
The study of the biology of nesting has ena-
bled many researchers to explain its mecha-
nisms and clarify its simplicity and its full-
ness for ease and the possibility of developing
it. Alkali bees, (Halictidae: Nomiinae), which
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have been extensively studied, have been suc-
cessfully developed and commercially pro-
duced for pollinating of some crops, especial-
ly alfalfa (Steffan-Dewenter et al., 2002;
Steffan-Dewenter, 2003; Stephen & Osgood,
1965) reported a method of propagating No-
mia bees by means of artificial beds, Where
he built artificial beds, they all succeeded as
nests for Nomia, but he found that the shallow
beds needed frequent water treatments.
(Stephen & Osgood, 1965) also demonstrated
in another way that a 50 ft by 30 ft which oc-
cupied with a good population of Alkali bees
could be responsible for producing from
50,000 to 80,000 pounds of alfalfa seeds. Fi-
nally, it should be noted that the industrial
bed may serve the pollination of alfalfa for
many years, but it may be lost quickly if the
water overflows or insects are exposed to
predators, diseases, pesticides, or agricultural
operations. Cavity-using bees, particularly of
the Megachilidae family, also showed the
greatest potential for evolution as controllable
pollinators, as they readily accepted artificial
nesting materials, including nesting traps
(Cane et al., 2007).

Nesting traps are a method of collecting sam-
pling for bees that use cavities and tunnels to
make their nests, and they have been used for
many years to study the numbers of Hyme-
noptera used cavities, and to monitor their
diversity and abundance (Buschini, 2006;
Danks, 1971; Frankie et al., 1998; Godfrey &
Hilton, 1983; Krombein, 1967; Steffan-
Dewenter, 2003; Taki et al., 2008) and by
providing them with artificial cavities, such as
holes drilled in wood blocks or cardboard
tubes (Potts et al., 2005).

The nests are gathered and incubated until the
full bees come out, and they are classified ac-
cording to the species. This type of bees has
been propagated on a large scale in western
countries by producers of alfalfa seeds, using
artificial nests. (Bohart, 1962; Stephen, 1961)
tested crumpled paper, brewed straw, and per-
forated wood as artificial insect nests they
called Domiciles. The crumpled paper was

prepared either by rolling it in the form of a
cylinder with a diameter of 15 cm, which
would be sufficient for 600 nests, or by cut-
ting it into flat pieces that were placed on top
of each other and separated each one, and
when using paper tubes (drinking straws) they
were dipping it in a thin layer of wax at the
bottom of a tin can, then placed on the carton
and protected from heat and rain with covers
made of wood or glass straw, the diameter of
the used tubes were 4,5,6 mm and a length of
about 9 cm. (Bohart et al., 1964; Hobbs,
1956) produced semi-circular tunnels made of
wood, these semi-circular grooves can be
glued together to form a complete circular
tunnel, where incomplete phases can be re-
moved and stored.

(Hobbs, 1967) made improvements to these
nesting material using Polysterene, instead of
wood and reduced its weight to one-tenth.
(Stephen & Every, 1970; Stephen & Osgood,
1965) mentioned that the media were pre-
pared to provide nesting tunnels for females
with inside diameters ranging from 4.0 to 6.0
mm and lengths ranging from 1.25 to 15.0
cm, and were made of paper soda straws,
wood, blown poly-urethane, stacked Mason-
ite, and acoustical tile. Because of commer-
cial limitations of materials, no single medi-
um was provided in which tunnels of all the
diameters and lengths were represented.

(Nardone, 2013), used trap nest (144 trap
nests in total) to study bees’ diversity of Al-
gonquin Provincial Park in Ontario, Canada.
Traps consisted of a two-liter milk and 36
cardboard tubes, acting as cavities, placed
through holes drilled into the polystyrene.
The tubes were 15cm long, and there were
nine each of four different diameters (3, 5, 7,
and 9mm). Trap nests were covered in burlap
for camouflage and tied to trees with clear
fishing line at the edge of the plots, facing the
center of the plot, at about 1-1.5m from the
ground.

Several studies have been conducted in which
nest traps have been used for many years to
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study the population of Hymenoptera, and to
monitor their diversity and abundance (Stef-
fan-Dewenter et al., 2002; Steffan- Dewenter,
2003). However, this study is considered the
first of its kind in which nest traps were used
in Libya by providing artificial cavities, in-
cluding paper and plastic drinking straws.

This study aims at a general survey of bees
species utilizing cavity nesting, and determine
whether leaf-cutter bees are included in them,
and study the effect of the diameter and mate-
rial of which the tubes were made.

MATERIALS AND METHODS

This study was conducted at the Research and
Experimental Stations at the Faculty of Agri-
culture - University of Tripoli, using nesting
traps. These traps were designed according to
the method developed by (Sheffield et al.,
2008), and according to the method of (Taki
et al., 2008) to collect Hymenoptera.

The traps consisted of a one litter milk carton
(measurement 7cm x 7cm for the base and
22cm length) (Fig,la), a piece of Styrofoam
measuring 49cm?and 2.5cm thick (Fig, 1b),
this piece fits with the open top end of the
milk carton. The drinking straws (tubes) were
20 cm long, the diameter paper drinking
straws (tubes) were (5, 8 and 10 mm) while
the plastic drinking straws (tube) were(Smm)
in diameter (Fig, 1c). For each milk carton,
twelve paper and four plastic drinking straws
(tubes), were placed through holes made in
the piece of Styrofoam.

The purpose of the polystyrene is to provide
spacing between the tubes, a lack of which
could be a deterrent for some cavity-nesting
bee species (Bosch & Kemp, 2001). Twenty
five nests were used in this study. These traps
were set up at the Crop Research Station near
the field of alfalfa crop and were mounted on
trees one meter above the ground with clear
fishing line, and laid in April 2018, they were
monitored twice a month and collected in
March 2019. Tubes that were occupied by

insects were collected and stored within a
piece of clear piping (1.5 cm in diameter) for
incubation, and the ends blocked off with fine
aluminum mesh to allow air to enter in, these
aluminum mesh prevent emerged insects from
escaping,the incubated nests were checked
every couple days for emerged insects.

Figure (1).Traps designe,

a) The traps consisted of a one litter milk carton,
b) a piece of Styrofoam and
¢) The drinking straws (tubes).

RESULTS

Nesting Diameter: The drinking straws
(tubes) used in this study were 20 cm long,
and (5, 8 and 10 mm) in diameter for paper
drinking straws (tubes) and (5mm) in diame-
ter for plastic drinking straws (tube). The re-
sults of this study showed that not all nests
were exploited, the percentage of occupied
nests (nests were occupied by insects), as fol-
lows: 60% of the nests made of paper strews
of a diameter of 5 mm, and 5% with a diame-
ter of 8 mm, while those with a diameter of 10
mm were not exploited (zero), however the
nests made of plastic (5 mm), were only 5%
were exploited (Fig, 2).

© 2023 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Figure (2).The percentage of occupied nests with dif-
ferent material and diameters, (5, 8 and 10 mm) in di-
ameter for paper drinking straws (tubes) and (Smm) in
diameter for plastic drinking straws (tube).

Bees’ Identification: The rustles of this study
revealed that these nests were exploited by
one species of bee and identified as the alfalfa
leaf-cutter bee which follows (Mega-
chilerotundata, F: Megachilidae - Hymenop-
tera). These rustles agreed with previous stud-
ies, which showed that such nests are of lim-
ited diversity and usually only gather one or
two species (Sheffield et al., 2011; Widhiono
et al., 2017).

Figure (5).Ventral view of alfalfa leaf-cutting bees, a)
female and b) male.

Life cycle: Under natural conditions, adult
insects appear after 3:6 weeks after the alfalfa
flower, usually from May to July, depending
on the region. Females are fertilized while
they are warmed by the sun, often near the
mother's nest. The male can fertilize several
times, but females fertilize only once. As for
the fertilized female, she makes a series of
cells in the tunnels or tubes that she chooses
for the nest. This insect makes the walls and
base of the cells from the leaves that the fe-
male cut, often from alfalfa leaves, where she
sticks them together by salivary secretion.

The insect fills each cell from half to two-
thirds with a mixture of honey and pollen.
When the female returns from foraging, she
enters her head into the tunnel first, then puts
the nectar she collected, then goes to the en-
trance of the tunnel, wraps around it, and en-
ters the tunnel with her back, where she puts
the pollen load. When a sufficient amount of
food is collected in the cell, she lays one egg
on top of it and covers the cell after kneading
it with 3:10 circular pieces of leaves. After
rubbing it, it begins in another cell above it,
and the chain of cells ends slightly below the
entrance to the tunnel, as the end of the tunnel
is closed with about 130 pieces of leaves. Af-
ter that, it begins to build another series of
cells in another tube, if the nectar and pollen
grains are still available in the field. The bee
that grows from the last egg placed in the tun-
nel is the first to exit, while the first egg that
was placed at the base of the tunnel is the last
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to exit as a whole insect. This female produc-
es approximately 35:30 eyes and lives for
about two months, during which she lays 30-
40 eggs. Approximately, two insects out of
every three adults that emerge from the eyes
are males, meaning that the sexual ratio is 2
males: 1 females.

The egg hatches within 2:3 days, where the
caterpillar feeds on the lunch stored in the
eye, and the growth of the caterpillar is com-
pleted after about two weeks. As some indi-
viduals continue to grow and develop and
emerge as full insects, about 23:25 days after
laying eggs. As for some other individuals,
they remain without development, as they re-
main in the form of an incomplete phase until
the following year, and then they complete
their growth and development and emerge as
a complete insect.

Males emerge about 5 days before females.
And when the females come out, they are fer-
tilized immediately. Leaf-cutter bees can be
handled safely, as in the case of the alkaline
bee, since although the female has a stinger,
she rarely stings. Even when used as a stinger,
it causes only slight pain (Hobbs, 1967; Rios-
Velasco et al., 2014) showed that the adult
Megachilid does not leave if the temperature
is below 21°C. It was found that these insects
can remain motionless inside their tunnels for
48 hours at a temperature of 2:4 degrees Cel-
sius.

Gender Emergence: The study results found
that the emergence of occupied nests started
15 days after brining the nest from the field to
the laboratory, where the males began to
emerge during the first two days, while the
females came out after all males exited in one
tube, i.e. over the next five days. Some nests
were fully occupied by 12 cells and all cell
were normal and all adults emerged alive,
while other nests had some dead larvae or pu-
pae stage, whereas, some nests were half oc-
cupied or three of forth occupied (Fig,5).

Nest Dimensions and Sex Ratio: The sex
ratio, males to females, obtained from this
study was 23:1Qin the paper drinking strew
with 8 mm of diameter, while the sex ratio
with diameters of 5 mm was 1J:1Qwhether
the tube used was paper or plastic (Fig, 6).

pieces of cutting leaves were used to built
each larva cell.

Although 5% of paper drinking strews with a
diameter of 8 mm were exploited as the per-
centage of 5 mm of plastic drinking strews,
however, there were difference found be-
tween the leaves cuts to make larvae cells,
were females used paper drinking strews of 8
mm cut more leaves (32-36 piece) than the
one used Smm (24-26 piece) (Fig, 7). Despite
the fact that females that cut more leaves to
built their larvae cells visiting more plants,
they don't invest their time and don't pollinate
more flowers.

Figure (7). Leaves pieces of leaf-cutter bees’cells.
© 2023 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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DISCUSSION

Nesting Diameter: The results of this study
showed that the percentage of occupied nests
(nests were nested inside), as follows: 60% of
the nests made of cardboard were with a di-
ameter of 5 mm, and 5% with a diameter of 8
mm, while those with a diameter of 10 mm
were not exploited (zero), as for the nests
made of plastic (5 mm), only 5% were ex-
ploited. It was also found that the old tunnels
are more attractive to bees than the new tun-
nels, as the old ones still have the smell of the
insects that used to occupy them.

The death of larvae that occurs in tunnels with
a diameter of 4 mm were four times more
than what occurred in tunnels with a diameter
of 5.5 mm,in addition, the number of males
that emerge from the tunnels with a diameter
of 4 mm are three times as the number of
females,but in tunnels with a diameter of that
larger(5.5mm), the proportion of males is
equal to that of females (Hobbs, 1967).

Bee samples collected from nests are of low
diversity because they only collect cavities-
nesting bees, although they usually collect
species that have not been captured using oth-
er sampling methods (Westphal et al., 2008)
and thus these traps can give a good estimate
of diversity (Tscharntke et al., 1998).

(Nardone, 2013) mentioned that only 20 of
144 nests contained bees, with most of the
remaining nests containing wasps. These bees
from 5 different species in 3 genera were
found within these nests. One possible reason
for the low capture of the trap nests is that
there may have been an excess of natural cav-
ities in the study sites that bees could use for
nesting. Natural cavity use has been suggested
in a few other studies as a possible explana-
tion for lower bee abundance and richness
collected in trap nests in certain study sites
(Giles & Ascher, 2006; Sheffield et al., 2008)
and in forested habitats (Buschini, 2006).
There were large amounts of deadwood in
some sites that could serve this purpose.

(Nardone, 2013) claimed that bees seemed to
select different tube diameters for their nests
based on genera; all Hylaeus bees were found
collected in the smallest tube diameter (3mm),
all Osmia bees in the second smallest (Smm),
and both Megachilid nests were in second
largest (7mm). All of these species were also
collected using other trapping methods,
though trap nests collected over 50% of the
total individuals of each of these species ex-
cept for O. proxima. In the case of the most
abundant species collected, O. fersula, trap
nests collected over 80% of all individuals.

Gender Emergence: Studies reveal that iden-
tifying male and female offspring in the nest
is strategic and that cell size plays a large role
in the size of the offspring, regardless of the
size of the mother (Krombein, 1967).The in-
nermost cells of each series usually contain
females and the outermost contain males. Fe-
males, which may construct several cell series
during their lifetime, repeat this pattern con-
sistently and are therefore believed capable of
controlling the sex of each egg deposited. It
was observed that mothers lay female eggs in
the inner cells and male eggs in the outer cells
(Bohart et al., 1960; Hobbs, 1956; Hobbs &
Richards, 1976), this is consistent with what
was found in the nests that were used in this
study, where the males began to emerge dur-
ing the first two days, followed by females
over the next five days.

Exceptions to the general pattern of sex loca-
tion in each series of cells are not uncommon.
It is suggested that consecutive occupation of
1 tunnel by several females or the construc-
tion of the series by a single female may ac-
count for these deviations (Stephen &
Osgood, 1965).

Although great variability in the position of
sexes in the cell series has been observed, the
innermost cells of each series usually con-
tained females and those nearest the entrance,
males. Cell series have ranged from all males
to all females; have had females located in the
outer cells and males in the inner; or had an
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intermixture of sexes within the series. The
usual pattern, however, suggests that females
are capable of controlling the sex of each egg
deposited. This conclusion was confirmed by
a study in which several females were tagged
and the tunnels that each filled were removed
for rearing (Stephen & Undurraga, 1976).

(Stephen & Every, 1970; Stephen & Osgood,
1965) during their work for 4 years found that
several nests have been reared containing all
females, while other nests represent uncom-
mon occurrences in the location of sexes
within each series, some have females in the
last-formed or top cell while other nests illus-
trate an admixture.

Nesting Diameter and Sex Ratio.: With re-
gard to sex ratios, larger cell provisions corre-
late with increased female offspring produc-
tion. There are two explanations for these be-
haviours in terms of nutritional maternal be-
haviours: 1) the mother brings more food to
the inner cells because she expects to produce
female offspring there and 2) the mother
chooses to fertilize the egg, thus enhancing
production (Stephen & Osgood, 1965).

The high male to female ratio has been at-
tributed to the diameter of the nesting tunnel,
length of the tunnel, and the type of medium
in which the nest is formed. It has been as-
sumed that a 1:19sex ratio is dominant
among solitary bees, but apart from the few
records about completed nesting tunnels in
Megachile, there is no published information
available on this subject (Stephen & Osgood,
1965).

In the leaf-cutter bee Megachile rotundata
(F), sex ratios of 33:19 and 23:19 can be
consistently obtained from media with nest-
ing-tunnel diameters of 5.5 and 6.0 mm, re-
spectively. Smaller tunnels with inside diame-
ters of 4.0 mm yielded bees with sex ratios of
5-113:1Q. The type of medium of which the
tunnels are composed appears to exert little
effect on the sex ratio. However, the data
suggest that sex ratios of 33:12Q and 2:1Qcan

be obtained consistently from soda straws,
wood, or polyurethane with nesting tunnels of
5.5 and 6.0 mm in diameter, respectively
(Stephen & Osgood, 1965).

(Bohart, 1972) stated that the sex ratio varies
depending on the nest size, height, and nest-
ing material, this ratio is controlled by the
mother. These observations were made of fe-
males who nest in tunnels, for example, a
tunnel diameter of 5.5 mm correlates with a
14:1%Qratio and a tunnel diameter of 6.0 mm
correlates with a 23:19 ratio of male to fe-
male, shorter tunnels, those less than 5.0 cm
in length, are less convenient.

(Stephen & Osgood, 1965) concluded from
their data that the lowest number of females
were consistently obtained from the tunnels at
their smallest diameters. The sex ratios of the
4.0 mm diameter tunnels ranged from 1131
Qin a 7.5 ¢cm straw to 5 J:1 Qin a 15.0 cm
straw. The sex ratios of 6J: 19 were recorded
of 4 mm tunnels in wood, 73:1Qfrom acous-
tical tile, and 971 in polyurethane.

This study indicated that the ratio of males to
females in the paper drinking straws with
8mm ofdiameter was 23:1%, while the ratio
of males to females in pipes with diameters of
5 mm was 14:1Qwhether the tube used was
paper or plastic drinking straws, these results
partially agreed with (Stephen & Osgood,
1965) astheirdata suggested that sex ratios of
3319 and 23:1%can be obtained consistent-
ly from soda straws, wood, or polyurethane
with nesting tunnels of 5.5 and 6.0 mm. These
results also consistent with the statement of
(Bohart, 1972), as these statements agreed
with you that the sex ratio is 1J3:1Qwhen us-
ing a 5 mm diameter tunnel, while when uti-
lizing a 6 mm diameter tunnel the sex ratio
was 23:19.

(Rahimi et al.,, 2021) reviewed previous
studies and mentioned that some of them have
dealt with the effects of the length of the tubes
used for bee nest (Rebougas et al.,
2018),while others have discussed the effects
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of tube diameter in the efficiency of bee nest
in attracting bees. (Westerfelt et al., 2015)
claimed that nest diameter was the most im-
portant factor explaining the occupation of a
certain aculeate species. Some studies found
that Megachilezaptlanaoccupy tubes with a 6-
mm diameter (dos Santos et al., 2020), while
Megachileconcinnaprefere 6 mm and 5 mm
diameter with 88.2 % compared with only
11.8% for 4 mm (Alvarez et al., 2012).

Nesting Material: The material of the tubes
also affects the efficiency of bee nests in at-
tracting bees, where different materials were
used to provide nests for bees, (Bohart, 1962;
Stephen, 1961) However, they found that the
bees prefer wooden nests over nests made of
paper tubes or wrinkled paper, as the latter
does not have the ability to resist the weather,
there is also great difficulty in dealing with
and storing these artificial nests. (Bohart et
al., 1964; Hobbs, 1956) produced semi-
circular tunnels made of wood, these semi-
circular grooves can be glued together to form
a complete circular tunnel, where incomplete
phases can be removed and stored. Although
in an area where moisture condensation in the
holes is a serious problem, (Hobbs, 1964),
maintained them and claimed that he could
minimize mold in grooved polystyrene by us-
ing wide diameter holes, by preventing the
bees from nesting in "clusters," and by steri-
lizing the polystyrene after removing the
cells. He controlled mold in cold storage by
letting the leaf cells dry out before storing
them in tight containers.

(Hobbs, 1967) made improvements to these
nesting materialusing Polystyrene, instead of
wood and reduced its weight to one-tenth.
The advantage of this, bees paper cells can be
removed more easily than in the case of
wooden tunnels, however, they can be spoil
easily, and bees can chew them.

(Stephen & Osgood, 1965) compared the ef-
fect of paper soda straws, polyurethane, and
wood of the same diameter and length on sex
ratios of the bees and found that there is no
correlation between the nesting medium and

sex ratio, while (Johansen et al., 1969), stated
that weathered wood was more attractive than
fresh and that Douglas fir was usually more
attractive than pine, and mentioned that the
problem of poor ventilation, common to all
plastic materials.

Moreover, (Bohart, 1972) indicated that each
material has its advantages and disadvantages,
however, drilled boards are used most com-
monly, Plastic blocks with holes, items are
adapted for cell removal (drilled boards with
removable backs, grooved wood, grooved
polystyrene), paper and plastic straws and
corrugated paper. Of the many kinds of nest-
ing materials tried, those listed above are still
used to some extent.

(Johansen et al., 1969; Stephen & Every,
1970) emphasized the advantage of wider di-
ameter holes in laminated boards and grooved
units for removal of cells without crushing the
larvae. The latter authors also stated that the
larger bees that emerge from wider holes are
superior, but they did not present data to sup-
port this contention. (Bohart, 1972) claimed
that when bees re-nest in these wider holes,
the offspring are smaller than average because
the bees fail to clean out much of the old leaf
material. Consequently, the larger holes
would yield larger bees only when the cells
are removed each year.

A study revelledthatOsmia rufa occupied all
tubes made of straw and printer sheeting but
in plastic straws, the occupation rate was 80%
(Wilkaniec & Giejdasz, 2003), in addition,
cardboard tubes could reduce the infestation
rate of mites (Fernandes et al., 2020). Moreo-
ver, (McCallum et al., 2018) found that nest
occupation was significantly affected by nest
design, with more bees nesting in tubes of
milk cartons (71%) than wooden nests, while
(Gaston et al., 2005; Guimaraes-Brasil et al.,
2020) claimed that there was a nesting prefer-
ence for bamboo as nest materials.

Time Investment: The flight of the ferrets
takes a relatively short time, as it takes from

© 2023 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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20:10 seconds to collect the cut leaves and
150:90 seconds to collect the pollen load,
while we find that the female pollinates every
flower she visits in the flight, the males do not
leave constantly, but collect nectar only and
often Without pollinating the flower you visit.
During warm periods in the spring, pre-pupae
turn into pupae.

(Stephen & Osgood, 1965) claimed that bees
reared in large-diameter straws are 2 to 4
times the size of those reared from small tun-
nels, collect more pollen per foraging trip, and
provide each cell with a greater quantity of
provisions. These statements disagree with
the results of this study, where these results
found no difference between bees size
emerged from straws of 5 or 8mm. However
the difference where found between the
leaves cuts to make larvae cells, where the
female used straws of 8 mm cut more leaves
(32-36 piece) than the one used Smm (24-26
piece), while it correspond with M. rotundata,
like M. relativa, which provide more leaf lay-
ers to a cell cup when the cell is constructed
in larger-diameter tunnels (Kim, 1992).

It can be calculated from the number of flow-
ers per acre benefiting from pollination be-
cause bees visit alfalfa flowers at rates rang-
ing from 11 to 15 per minute. 10,000 female
nests would be required, according to (Bohart,
1962; Stephen, 1962) calculation, to pollinate
a S-acre (2 ha) crop of alfalfa. According to
(Klostermeyer, 1964), 500 pounds of clean
alfalfa beds require at least 2,000 females per
acre. While (Hobbs, 1967) demonstrated that
40,000 females would be needed to complete
the pollination process on one acre of alfalfa
in just three weeks. Regarding the researchers'
other findings, they fall between the two lim-
its (2000: 40000 females / acre). Theoretical-
ly, the number of generations can multiply ten
times if tunnels are available for nesting.
(Bohart, 1962) mentioned that the number of
bees increased by five times from year to year
if good conditions were available.

CONCLUSION

Through this research, we recommend reusing
the nests made of paper tubes with a diameter
of 5 mm to collect the largest number of alfal-
fa leaf-cutter bees and try to manage and ben-
efit from them to pollinate the alfalfa crop to
increase seed productivity.

ACKNOWLEDGEMENT

I would like to express my special thanks to
Maha Ben Noseer and Aisha Albelazi for
their time and help, you were really helpful to
me during the study completion. In this as-
pect, I am grateful to you.

Duality of interest: The authors declare that
they have no duality of interest associated
with this manuscript.

Author contributions: This manuscript was
done by only one author.

Funding: This work was supported by Re-
search and Experimental Stations at the Fac-
ulty of Agriculture - University of Tripoli.

REFERENCES

Alvarez, L. J., Lucia, M., Durante, S.,
Pisonero, J., & Abrahamovich, A. H.
(2012). Occurrence of the exotic

leafcutter bee Megachile
(Eutricharaea) concinna
(Hymenoptera: =~ Megachilidae) in

southern  South  America.  An
accidental introduction? Journal of
Apicultural Research, 51(3), 221-226.
https://doi.org/10.3896/IBRA.1.51.3.0

1

Bohart, G. E. (1962). How to manage the
alfalfa leaf-cutting bee (Megachile
rotundata Fabr.) for alfalfa pollination.
Utah Agricultural Experiment Station

Circular, 144.

Bohart, G. E. (1972). Management of wild
bees for the pollination of crops.

© 2023 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.


https://doi.org/10.3896/IBRA.1.51.3.01
https://doi.org/10.3896/IBRA.1.51.3.01

Al-Mukhtar Journal of Sciences 38 (2): 160-172, 2023

Annual Review of Entomology, 17(1),
287-312.

Bohart, G. E., Nye, W. P., & Knowlton, G.
(1964). Nesting Shelters for Alfalfa
Pollinators (Alfalfa Leaf-cutting Bee,
Megachile rotundata F.). Agricultural
Research, 13(2), 8.

Bohart, G. E., Stephen, W., & Eppley, R.
(1960). The biology of Heterostylum
robustum (Diptera: Bombyliidae), a
parasite of the alkali bee. Annals of the

Entomological Society of America,
53(3), 425-435.

Bosch, J., & Kemp, W. P. (2001). How to
manage the blue orchard bee as an
orchard pollinator.

Buschini, M. L. T. (2006). Species diversity
and community structure in trap-
nesting bees in Southern Brazil.
Apidologie, 37(1), 58-66.

Cane, J. H., Griswold, T., & Parker, F. D.
(2007). Substrates and materials used
for nesting by North American Osmia
bees  (Hymenoptera:  Apiformes:
Megachilidae).  Annals  of  the
Entomological Society of America,
100(3), 350-358.

Danks, H. (1971). Populations and nesting-
sites of some aculeate Hymenoptera

nesting in Rubus. The Journal of
Animal Ecology, 63-77.

dos Santos, A. A., Parizotto, D., Schlindwein,
C., & Martins, C. F. (2020). Nesting
biology and flower preferences of
Megachile (Sayapis) zaptlana. Journal
of Apicultural Research, 59(4), 609-
625.
https://doi.org/10.1080/00218839.201
9.1703 084

Fernandes, J., Antunes, P., Santos, R., Zulian,
G., Clemente, P., & Ferraz, D. (2020).
Coupling spatial pollination supply
models with local demand mapping to
support collaborative management of
ecosystem services. Ecosystems and

People, 16(1), 212-229.
https://doi.org/10.1080/26395916.202
0.1800821

Frankie, G. W., Thorp, R. W., Newstrom-
Lloyd, L. E., Rizzardi, M. A,
Barthell, J. F., Griswold, T. L., Kim,
J-Y., & Kappagoda, S. (1998).
Monitoring solitary bees in modified
wildland habitats: implications for bee

ecology and conservation.
Environmental Entomology, 27(5),
1137-1148.

Free, J. (1993). Insect pollination of crops 2nd
edAcademic Press. San  Diego,
California.

Gaston, K. J., Smith, R. M., Thompson, K., &
Warren, P. H. (2005). Urban domestic
gardens (II): experimental tests of
methods for increasing biodiversity.
Biodiversity & Conservation, 14, 395-
413.
https://doi.org/10.1080/26395916.202
0.1800821

Giles, V., & Ascher, J. S. (2006). A survey of
the bees of the Black Rock Forest
preserve, New York (Hymenoptera:
Apoidea). Journal of Hymenoptera
research, 15(2), 208-231.

Godfrey, S., & Hilton, D. (1983). Nesting
biology of solitary wasps and bees in
the eastern townships region, Quebec.
Canadian field-naturalist.

Guimaraes-Brasil, M. O., Brasil, D. F,,
Pacheco-Filho, A. J., Silva, C. I, &
Freitas, B. M. (2020). Trap nest
preference of solitary bees in

© 2023 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.

169


https://doi.org/10.1080/00218839.2019.1703%20084
https://doi.org/10.1080/00218839.2019.1703%20084
https://doi.org/10.1080/26395916.2020.1800821
https://doi.org/10.1080/26395916.2020.1800821
https://doi.org/10.1080/26395916.2020.1800821
https://doi.org/10.1080/26395916.2020.1800821

Al-Mukhtar Journal of Sciences 38 (2): 160-172, 2023

fragments of the Baturité massif,
Atlantic Forest, Brazil. Anais da
Academia Brasileira de Ciencias, 92.

Hobbs, G. (1956). Ecology of the Leaf-cutter
Bee Megachile perihirta
Ckll.(Hymenoptera: Megachilidae) in
Relation to Production of Alfalfa
Seedl. The Canadian Entomologist,
88(11), 625-631.

Hobbs, G. (1967). Domestication of alfalfa
leaf-cutter bees. Ottawa, Ontario:
Canadian Department of Agriculture.
Publication. 1313.

Hobbs, G., & Richards, K. (1976). Selection
for a univoltine strain of Megachile
(Eutricharaea) pacifica (Hymenoptera:
Megachilidae). The Canadian
Entomologist, 108(2), 165-167.

Hobbs, G. A. (1964). Importing and
managing the alfalfa leaf-cutter bee.
Publs Dep. Agric. Can.

Johansen, C., Klostermeyer, E., Eves, J., &
Gerber, H. (1969). Suggestions for
alfalfa leaf-cutter bee management.
Washington State University,
Agricultural Extension Service EM,
2775.

Kevan, P. (1991). Pollination: keystone
process in  sustainable  global
productivity. Acta Horticulturae(288),
103-110.

Kevan, P. G. (1983). Floral colors through the
insect eye: what they are and what
they mean. Handbook of experimental
pollination biology, 3-30.

Kim, J.-Y. (1992). Nest dimensions of two
leaf-cutter bees (Hymenoptera:
Megachilidae).  Annals  of  the
Entomological Society of America,

85(1), 85-90.
https://doi:10.1093/aesa/85.1.85

Klostermeyer, E. C. (1964). Using alkali bees
and leafcutting bees to pollinate
alfalfa. Using alkali bees and
leafcutting bees to pollinate alfalfa.

Krombein, K. V. (1967). Trap-nesting wasps
and bees. Life histories, nests and
associates. Washington, DC
Smithsonian Inst. Press, 570p.

McCallum, R. S., McLean, N. L., & Cutler,
G. C. (2018). An assessment of
artificial nests for cavity-nesting bees
(Hymenoptera:  Megachilidae) in
lowbush blueberry (Ericaceae). The
Canadian Entomologist, 150(6), 802-
812.

Nardone, E. (2013). The bees of Algonquin
Park: a study of their distribution,
their community guild structure, and
the use of various sampling techniques
in logged and unlogged hardwood
stands University of Guelph].

Potts, S. G., Vulliamy, B., Roberts, S.,
O'Toole, C., Dafni, A., Ne'eman, G.,
& Willmer, P. (2005). Role of nesting
resources in organising diverse bee
communities in a Mediterranean

landscape. Ecological Entomology,
30(1), 78-85.

Rahimi, E., Barghjelveh, S., & Dong, P.
(2021).  Quantifying how urban
landscape heterogeneity affects land
surface temperature at multiple scales.
Journal of Ecology and Environment,

45(1), 1-13.
https://doi.org/10.1186/s41610-021-
00192-z.

Rebougas, P. O., Aguiar, C., Ferreira, V.,
Sodré, G., Carvalho, C., & Gimenes,
M. (2018). The -cavity-nesting bee
guild (Apoidea) in a Neotropical

© 2023 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.


https://doi:10.1093/aesa/85.1.85
https://doi.org/10.1186/s41610-021-00192-z
https://doi.org/10.1186/s41610-021-00192-z

Al-Mukhtar Journal of Sciences 38 (2): 160-172, 2023

sandy coastal plain. Sociobiology,
65(4), 706-713.

Rios-Velasco, C., Berlanga-Reyes, D. 1,
Ayala-Barajas, R., Salas-Marina, M.
A., Tbarra-Rendén, J. E., Flores, P. B.
Z., Romo-Chacén, A., & Acosta-
Muiiiz, C. H. (2014). Identification of
megachilid species (Hymenoptera:
Megachilidae) and other pollinators in
apple orchards in Chihuahua, México.
Florida Entomologist, 97(4), 1829-
1834.

Sheffield, C. S., Kevan, P. G., Westby, S. M.,
& Smith, R. F. (2008). Diversity of
cavity-nesting bees (Hymenoptera:
Apoidea) within apple orchards and
wild habitats in the Annapolis Valley,
Nova Scotia, Canada. The Canadian
Entomologist, 140(2), 235-249.

Sheffield, C. S., Ratti, C., Packer, L., &
Griswold, T. (2011). Leafcutter and
mason bees of the genus Megachile
Latreille (Hymenoptera:
Megachilidae) in Canada and Alaska.
Canadian  Journal of Arthropod
Identification, 18, 1-107. https://doi:
10.3752/cjai.2011.18

Steffan-Dewenter, 1., Miinzenberg, U.,
Biirger, C., Thies, C., & Tscharntke,
T. (2002). Scale - dependent effects of
landscape context on three pollinator
guilds. Ecology, 83(5), 1421-1432.

Steffan - Dewenter, 1. (2003). Importance of
habitat area and landscape context for
species richness of bees and wasps in

fragmented orchard meadows.
Conservation biology, 17(4), 1036-
1044.

Stephen, W., & Every, R. (1970). Nesting
media for the propagation of leaf
cutter bees. Oreggan State University.

Cooperative Extension. Servo Fact
Sheet 175. 2 pp.

Stephen, W., & Osgood, C. E. (1965).
Influence of tunnel size and nesting
medium on sex ratios in a leaf-cutter
bee, Megachile rotundata. Journal of
Economic Entomology, 58(5), 965-
968.

Stephen, W., & Undurraga, J. (1976). X-
radiography, an analytical tool in
population studies of the leafcutter bee
Megachile pacifica.  Journal of
Apicultural Research, 15(2), 81-87.

Stephen, W. P. (1961). Artificial nesting sites
for the propagation of the leaf-cutter
bee, Megachile (Eutricharaea)
rotundata, for alfalfa pollination.

Journal of Economic Entomology,
54(5), 989-993.

Stephen, W. P. (1962). Propagation of the
leaf-cutter bee for alfalfa seed

production. Agricultural Experimental
Station. Bulletin 586:1-16

Taki, H., Viana, B. F., Kevan, P. G., Silva, F.
0., & Buck, M. (2008). Does forest
loss affect the communities of trap-
nesting wasps (Hymenoptera:
Aculeata) in forests? Landscape vs.
local habitat conditions. Journal of
Insect Conservation, 12, 15-21.

Thorp, R. W. (2003). Bumble bees
(Hymenoptera: Apidae): commercial
use and environmental concerns. In /n
K. Strickler and J. H. Cane. Editors.
For  nonnative  crops,  whence
pollinators of the future? (Proceedings
of Thomas Say Publications in
Entomology; Lanham, Maryland,
Entomological Society of America

Tscharntke, T., Gathmann, A., & Steffan -
Dewenter, I. (1998). Bioindication
using trap - nesting bees and wasps

© 2023 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.


http://dx.doi.org/10.3752/cjai.2011.18
http://dx.doi.org/10.3752/cjai.2011.18

Al-Mukhtar Journal of Sciences 38 (2): 160-172, 2023

and their natural enemies: community
structure and interactions. Journal of
applied ecology, 35(5), 708-719.

Westerfelt, P., Widenfalk, O., Lindelow, A.,
Gustafsson, L., & Weslien, J. (2015).
Nesting of solitary wasps and bees in
natural and artificial holes in dead
wood in young boreal forest stands.

Insect Conservation and Diversity,
8(6), 493-504.

Westphal, C., Bommarco, R., Carré, G.,
Lamborn, E., Morison, N., Petanidou,
T., Potts, S. G., Roberts, S. P.,
Szentgyorgyi, H., & Tscheulin, T.
(2008). Measuring bee diversity in
different European habitats and
biogeographical regions. Ecological
monographs, 78(4), 653-671.

Widhiono, I., Sudiana, E., & Darsono, D.
(2017). Diversity of wild bees along
elevational gradient in an agricultural
area in central Java, Indonesia.
Psyche, 2017.
https://doi.org/10.1155/2017/2968414

Wilkaniec, Z., & Giejdasz, K. (2003).
Suitability of nesting substrates for the
cavity-nesting bee Osmia rufa.
Journal of Apicultural Research,
42(3), 29-31.
https://doi.org/10.1080/00218839.20
03.11101084.

© 2023 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
172


https://doi.org/10.1155/2017/2968414
https://doi.org/10.1080/00218839.2003.11101084
https://doi.org/10.1080/00218839.2003.11101084

