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ABSTRACT

Family Megachilidae belongs to cosmopolitan family groups, making nests in the soil, and mostly prefer
pre-existing cavities such as pithy stems, galls, and dead wood for nesting. Mostly they are solitary, long-
tongued, and have pollen-collecting structure scopa present on the ventral side of the abdomen rather
than hind legs (mostly in other bees). Genus Megachilid is generally known as leaf cutter and mason bees.
Family Megachilidae is characterized by different groups of the bees such as solitary, mason, resin, carder,
and leafcutter bees, and are the most important pollinators for agricultural, horticultural, medicinal,
and aromatic plants. Female leafcutter bees have a special character to form brood cells by using their
mandibles to cut leaves. Family Megachilidae is found throughout the world except for Antarctica, lowland
tropical rain forests, deserts, and hilly ecosystems, and 238 species are listed from the Indian region. Our
review is based on the significant role of the family Megachilidae and their different adaptive structures
and behaviour to enhance their contribution to the pollination ecology.

Key words: Leafcutter bees, Megachilidae, pollination, nesting, non- 4pis, ecology, foraging, host plant, biology

The world’s one-third parts of agricultural pollination
are determined by insects and produce seeds and fruits.
Order Hymenoptera is generally known for its wide
number of species almost 1,55,517 species have been
recorded worldwide and more than 10605 species
are reported from the Indian region (Chandra et al.,
2019; Ahmed et al., 2020) and pollinate most of the
agricultural and flowering plants of the world. The
manuscript is based on literature and highlights the
role of the family Megachilidae in pollination ecology.
In addition to this, their different structural adaptation
for collecting pollen grains, efficiency, foraging trips,
visitation frequency, and pollen carrying capacity
have been broadly assorted in this literature. Family
Megachilidae consists of 83 genera, 249 subgenera, and
4112 species have been reported globally of which 238
species under 30 genera are recorded from the Indian
region (Ascher and Pickering, 2020).

Among all non-A4pis bees, the family Megachilidae
is the second largest family according to the number
of species after Apidae and pollinate a large number
of cultivated and wild-flowering plants. Non-Apis
bees are considered as efficient pollinators rather than
Apis bees under different states because non-Apis bees
are buzz pollinators, have a long tongue, oligo lectic
foraging behaviour, faster-foraging trips, and rate.
These characteristics are very helpful in pollination
and enhance productivity in the ecosystem. Solitary

bees (Megachilidae) have magnificent morphological
characters and interactive adaptation so, they are more
efficient pollinators in most plants.

Member of the family Megachilidae is the most
important pollinator in many agronomic, medicinal,
aromatic, and horticultural plants. Their energetic
and swimming-like movement inside the flower helps
in releasing a large amount of pollen easily from
flowers. This family belonged to the cosmopolitan
group in which solitary, mason, resin, carder, and
leafcutter bees were characterized. The Scopa (pollen-
gathering structure) of the solitary bee is restricted to
the abdomen rather than the hind leg (mostly in other
bees). Mason and leafcutter bees are belonging to the
genera Megachilid and reflect the materials from which
erected their nest cells. Leafcutter bees are solitary and
oligolectic (Robertson, 1929; Cane, 2014), make linear
nests from pre-existing cavities, and have a scope on the
ventral side of the abdomen which helps in transporting
pollen grains. Some bees collect plants and hairs of
animals for making their nests, are called carder bees
while other bees use plant resin for nesting, known as
resin bees. In this family, bees usually feed on pollen and
nectar while some other bees forage on collected pollen
by other species (Megachilidae), generally known as a
kleptoparasite. Parasitic species do not carry a scope
for pollen collection.
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Diversity and conservation strategies for threatened
species of leafcutter bees (Megachilidae) and focused
on effective conservation strategies such as creating
diversity information (collected from the different
climatic regions of Karnataka), richness, and related
floral plants was studied. In this study authors
documented 4 tribes, 11 genera, 20 subgenera, and 50
species of leafcutter bees and observed that species
diversity in the arid zone was higher as compared
to other zones. A study data revealed that June- July
and September- October are more favourable for the
leafcutter bees and recorded as abundantly during these
months. While May, August, November, and December
exhibit a moderate presence, and the lowest number
of bees were noted from January to April because of
unfavourable conditions. In ranking order of most
abundant species was Megachile lanta about 27.01%
followed by 14.06% of M. lerma, 13.39% of M. disjucta,
8.93% of M. disjuncta, 5.13% Lithurgus atratus,
and 4.46 % of M. bicolor.They also focused on the
conservation of leafcutter bees by using simple practices
such as encouraging flowering plants to provide blooms
through the budding season, reducing the uses of
insecticides, escaping the spraying during blooming and
increasing the use of bee’s friendly pesticides, providing
nesting sites by using drilled wooden blocks & stems
and for trap nesting place hollow reeds of Ipomoea
carnea Jacq. for leafcutter bees.

Parasitisation on leafcutter bees from India was
first time recorded and studied highly parasitisation by
Melittobia hawaiiensis (Hymenoptera: Eulophidae)
from 148 out of 173 megachilid cells belonging to
four species from 29 nests. The species group of M.
hawaiiensis has complexes morphological characters.
Among the four species of leafcutter bees, M. lanata
was recorded as the highest parasitized at 54.55% in
which 1581 parasitoids emerged from 30 cells with an
average of 52.7 each cell. In M. lerma 647 parasitoids
(72.22%) emerged from 13 cells with an average of
49.76 per cell. All the unidentified species of Megachile
515 parasitoid adults emerged from 63.88% of the
cells with an average of 57.22 per cell. The lowest
parasitisation (33.33%) observed in M. disjuncta
constructed 163 parasitoid cells from three cells. 100%
parasitisation was recorded by only Mellittobia from the
rest of the 16 nests consisting of 93 cells. 3116 parasitoid
adults have emerged from nests with a mean of 33.50
per cell. Overall, an average of 40 melittobia adults
emerged from a single cell of the nest of Megachile sp.

Foraging behaviour and efficiency in pollination

Review

of Osmia cornuta (Megachilidae) and Apis mellifera
(Apidae) on “Comice” pear. Extremely self-incompatible
(Callan and Lombard, 1978) and a very low yield found
in “Comice” pear. O. cornuta (Latreille) belongs to
the family Megachilidae, is a mason bee and has been
recorded as an orchard pollinator. (Asensio, 1984;
Torchio and Asensio, 1985; Bosch, 1994 a,b). O.
cornuta is sturdily fascinated by the flowers of the
food plants and nesting sites are situated in 78 to 99%
pollen carrying orchards of their host plants. (Marquez
et al., 1994; Vicens and Bosch, 2000 a; Maccagnani
et al., 2003). A current study shows that O. cornuta
is the predominant pollinator on pear orchards. Some
cultivars found that if increase the distance between
orchards and the nesting shelters of O. cornuta, found
poor productivity. Authors concluded that O. cornuta
visited more flowers and their visiting frequency was
observed by 13.8 minute™, it was more than A. melifera
(7.1 to 9.8). Both species of the bees visited the same
number of flowers in each tree (6.7 to 7.9). Interaction
between stigma and O. cornuta was observed by 98.7%
and female bees provided pear pollen about 94.4% for
their nests. In A. melifera, nectar—pollen foragers and
nectar foragers were observed by 51.8% and 19.0%,
respectively. As a result, found that O. cornuta was an
exclusively highly efficient pollinator for pear orchards
as compared to A. melifera and should increase the
population of O. cornuta in pear orchards for high
productivity (Monzon et al., 2004).

Diversity, abundance, and seasonal action of the
different species of family Megachilidae from Pantnagar,
Uttarakhand state (India) from March, 2013 to April,
2015 were studied. Family Megachilidae bees favour
warm climates for flying but still active in the winter
season and visit during the blossoming time (Felicioli
and Pinzauti, 2008). Data showed that Megachilid bees
were found for the whole of the year but during the
observation time in the field, bees were not found in the
month of February. The authors observed 19 from the
field in which 2 species M. disjuncta and M. cephalotes
were active throughout the year. The highest number of
species (18) were noted in the month of April, followed
by in March and May and, 10 to 12 species were recorded
in the months of October and November. Maximum
activity of the bees was recorded by two generations
(i) in March when an average of the maximum and
minimum temperature was 27.4° C to 38.9° C, 13.0°
C to 23.4° C and RH% was recorded by 26% to 44%
and (ii) In October and November when an average of
maximum and minimum temperature was 26.9° C to
30.4° C & 10.2° C to 19.8° C and RH% was 40% to
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59%. The lowest activity and least number of the species
(0 to 5) were recorded during December to February
(winter season) and 2 to 4 species were recorded in the
month of July to September (rainy season). The authors
recorded 19 different species of Megachilid bees during
the field survey in which 7 leafcutter bees that are M.
bicolor, M. chlorigaster, M. anthracene, M. conjuncta,
M. relata, M. studiosa, M. albifrons, and 6 resin bees
viz., M. hera, M. inepta, M. lanata, M. umbripennis,
M. cephalotes, M. disjuncta, and 6 different bees such
as M. rajasthaniensis, M. tetradenta, M. gathela, M.
femorata, M. elizabathae and M. binghami recorded
from Pantnagar (Uttarakhand) (Kunjwal et al., 2016).

Male and female bees of Megachile cephalotes have
different pollen foraging capacity on Grewia asiatica
(Malvaceae). Besides, their pollination efficiency,
pollen-gathering capacity, different morphological
characteristics, adaptive structures for pollen collection
in M. cephalotes (Megachilidae) were also studied by
authors. In this study authors selected 458 individuals to
18 species belonging to three different orders in which
13 bees belonging to Hymenoptera, 2 butterflies and one
moth from Lepidoptera, and two flies from Diptera, all
visited on G. asiatica (Phalsa flower). Among all the
visitors, the highest floral visitation rate (65%) was
recorded by M. cephalotes on recipient floral plants.
Phalsa flowers attract most of pollinators because they
provide energy resources, especially in Megachile,
Apis, and Xylocopa (Abrol, 1992). 21 species of bees
were recorded on G. asiatica from India (Kumar et al.,
2017). Different morphological and behavioural factors
determine the pollination efficiency in both male and
female bees of M. cephalotes. The body length of female
bees (12.36 to 13.52 mm) is larger than male bees (10.47
to 12.02mm) (Kumar, 2015) and has more scopal hairs
than male bees on the ventral side of the abdomen,
which helps in a large amount of pollen accumulation
(Bzdyk, 2012; Kumar, 2015).

Harder (1983) notified in his study that a long
proboscis can absorb a large amount of nectar than
short proboscis and female bees of M. cephalotes have
long proboscis than male bees. Female bees require
more pollen collection than male bees because female
bees build their nests, collect nectar for their offspring,
lay eggs and require energy and nutrients for mating
(Feuerbacher et al., 2003). Male and female bees have
the same visiting periods on host plants but during
visiting period female bees collect more nectar than
male bees. The authors are first time documented how
abiotic factors such as climatic temperature, relative
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humidity, speed of airstream, and intensity of sunlight
influence the visitation rate, frequency and stay time in
both male and female bees. In this study, the authors
concluded that visiting rate and pollen deliver capacity
of female bees were observed more than male bees.
Female bees can fly for shorter distances hence their
visiting rate and foraging proficiency increase while
male bees fly for a longer distance (Neeman et al.,
2006). Male bees are active throughout the day because
they perform two major activities i.e., nectar foraging
and searching female bees for mating while female
bees forage for their offspring and provide nectar that’s
why female bees are active only during when the floral
resources are available (Akram et al., 2019).

Pollination efficiency of O. cornuta (Megachilidae)
and Luciana sericata (green bottle fly) depends on
quality, shape, size, weight and colours of strawberry
fruits. The authors used 40 cages and each cage
contained 6 trees of strawberries. All strawberries plants
were exposed by four O. cornuta and four L. sericata
separately, and seven days for two individuals of each
species or no pollinators (control). Pollination by the
insects increases the production and quality of many
agricultural plants, rather than wind and self-pollination
(Brittain et al., 2013). Wild bees are considered as most
significant group of pollinators and also considered as
a chief pollinator on wild flowering plants and crops
(Klein et al., 2007) such as watermelon (Kremen et
al., 2004), canola (Morandin and Winston, 2005),
coffee (Ricketts, 2004), Sunflower (Kremen, 2006)
and strawberries (Albano et al., 2009). Most of the
species of flies pollinate wildflowers (Larson et al.,
2001) and agriculture (Jauker et al., 2012; Rader et al.,
2016) and some flies such as Lucilia sericata is used
for the commercial level in pollination. Diptera is not
considered in pollination because of their uncertain
biology and pollination activity is still unrevealed. A
large number of insects attract by strawberry plants for
pollination (Free, 1993; Zaitoun et al., 2006; Kakutani
et al., 1993; Wilkaniex and Radajewska, 1996) and
produce large quantity and marketable fruits (Hoehn et
al., 2008; Klatt et al., 2014). In this study, authors studied
the reaction on strawberries of wild bees and fly and
hypothesized that (i) practice of both species separately
for pollination to increase the quality of strawberry
fruits as compared to wind and self-pollination. (ii)
use a combination of both species for pollination to
increase the quality of fruits because of their functional
diversity. As a result, found that O. cornuta produced
a large number of fruits but small in size with less
deformation as compared to without insect pollination
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while L. sericata reduce the deformation of fruits but
do not increase weight and size in fruits. By using bees
along with flies did not find the better quality of fruits
production as compared to bees and flies individually.
The discoloration was also observed in fruits by using
different insect pollinators in which 10% discoloration
was recorded by bees, followed by 11% of flies and 19%
of both bees and flies, compared with 26% discoloration
by control cages (Herrmann et al., 2019).

Different species of leafcutter bees have different
floral preferences for the pollination. Collected pollen
samples from nests and compared them with reference
pollen slides made by them. They examine 512 brood
cells from 373 nests. Each nest had 76.81% brood cells
comprised of pollen grains from only one plant species
and 19.96% brood cells contained pollen grains from
two different species of plants. Only 3.17% of brood
cells had pollen from more than two species of plants
such as Justicia, Ocimum, Ipomoea, Abelmoschus
because these bees are not much specific for the
particular plant species for nectar. Bees preferred 18
species of flowers for pollen, in which 12 species
(highest number) belonged to the Fabaceae family and
more than 95% of the food delivered by this family to
brood. Most of the pollen grain (67%) recorded from
the Fabaceae family pre-dominantly, followed by 11%
of Asteraceae, 6% of Lamiaceae, 6% of Malvaceae, 6%
of Convolvulaceae, and Acanthaceae accounted for 6%
(Pradeepa and Belavadi, 2018).

Leafcutter bees are significant and effective
pollinators and making nests in soil, wooden pits, plant
stems. They prefer dead snail shells, holes of walls, man-
made objects for their nesting sites. They cut 0.25to0 0.5
inches rounded pieces of broad leaves of ornamental
plants such as roses, azaleas, ash, redbud, bougainvillea
to construct cigar-shaped nests and make numerous cells
in the nest; each cell consists of one larva and some
pollen grains for their larval nourishment. Then after
each cell produces a single bee. Several flowers, fruits,
vegetables, and crops are pollinated by leafcutter bees
and some bees are used as commercial bees (Osmia sp.)
to produce a large quantity of production in crops such
as blueberries, onion, carrots, and alfalfa. Leafcutter
bees are medium in size, mainly extended from Smm
to 24mm, stout body, and black in colour. Female
bees transfer pollen grains from anthers to hairs of the
abdomen rather than the hind leg. Leafcutter bees are
solitary and do not guard their nests violently and their
sting is less harmful to the people except holding it.
Most of the insects (parasitoids) such as flies, wasps
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belonging to families Chrysididae, Mutillidae, and
beetles belonging to families Rhipiphoridae, Meloidae,
and Cleridae and ants. Crematogaster sp. attack the
nests of leafcutter bees and decrease the aesthetic values
of the plants because they cut ornamental plants for
making nests hence, considered as a pest and hardly
damage the plants. Insecticides do not prevent plants
from cutting leaves. Using physical obstacles such as
cheesecloths on plants shall be successful prevention
from damaging leaves from leafcutter bees.

Study was conducted on life cycle, sex ratio, natural
enemies and nesting behaviour of Megachile maculate
(Megachilidae) in a montane forest in Brazil. They
used nesting trap for knowing the natural history of
these important bees’ groups. They observed 87 nests
consisting of seven brood cells in each nest during 27
months. Nesting activity appeared all over the rainy and
dry seasons and 344 adults emerged from 87 trap nests.
Bees constructed nests in tubular form with different
sizes 6, 9, 13, and 16 mm in diameters, in which the
majority of the nest’s cavities (77%) were 0.9 cm in
diameter, consisting of 1 to 11 brood cells. The sex
ratio of the bees was observed by 1: 0.42, which was
male-biased and the body mass of male bees was lower
than female bees. First 6 months of the study there were
no nests assembled, representing the no dormancy in
M. maculate. After the females closed the nests, adults
emerged during 3 to 9 weeks. Nesting activity was active
throughout the season but adult hatching of their nest
constructs during the dry season (7 weeks) longer than
a rainy season (5 weeks). Female bees (M. maculate)
build an average of 5.34 brood cells from 1 to 11. Cells
were made by leaves in a rod-shaped and organized in
linear sequences. The mortality rate was observed by
26% of which 5% was due to unidentified factors and
18 brood, cells were attacked by three different species
of natural enemies; 13 brood cells were attacked by
Coelyoxis sp. (Acrocoelioxys), one brood cell attacked
by wasp Melittobia australica Girault, 1912 and four
brood cells were attacked by Chrysis sp. For the first time
existence of M. maculate in nesting trap was observed
(Sabino and Antonini, 2017).

Different types of pollen-collecting mechanisms
in the Megachilidae family have been reported. Most
of the bees rub their body and scopa with anthers
to remove pollen grains and deliver to the body for
accumulation with the help of the hind leg. This type of
pollen-collecting mechanism is seen in Osmia cornuta
(Latreille) and O. lignaria Say (Megachilidae) (Monzon
et al., 2004; Rust and Clement, 1977).
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Several distinct types of morphological
characteristics are present in bees which make them
more efficient pollinators. Most of the bees have
hooked hairs present on the fore tarsi of the foreleg
which are very specific for the narrow corollas of the
flowers. This type of morphological character is seen
in Hoplitis sp. (Megachilidae) on many host plants
(Sedivy et al., 2013). Most of the bee’s mouthparts
such as stipes, galea, labial and maxillary palpi adapted
with hooked hairs for the pollen collection from narrow
corollas shaped flowers, this behaviour can be seen
on Heliotropium (Boraginaceae) by Haetosmia vechti
(Peters) (Megachilidae) (Gotlieb et al., 2014).

Most of the Megachilidae species collect pollen
by “Seesawing” in which scopa directly contact with
anthers to remove pollen grains. This mechanism can
be seen in Hoplitis robusta (Nylander) on Potentilla
(Rosaceae), H. zandeni, Osmia sp. on many different
host plants and Pseudoantbidium eximium (Giraud)
on Asteraceae, and Protosmis minutula (Perez) on
Lamiaceae (Muller, 1996a; Muller, 1996b; Muller
and Mauss, 2016). Tapping mechanism is also seen in
several species of the family Megachilidae in which
bees pick up pollen through a faster up and down
motion of the ventral side of the abdomen which directly
contacts with the anthers. Tapping mechanism can be
seen in Trachusa, Heriades, Pseudoanthidium, Osmia,
Megachile and Lithurgus on Asteraceae family. Rubbing
with the face pollen collection behaviour has been
observed in O. pilicornis Smith (Megachilidae) in
which bees rub their face with anthers of the nototribic
flowers (stamen and styles are downward) of the 4juga
reptans L. (Lamiaceae) to remove a large number of
pollen grains. The rasping mechanism also has been
observed in Osmia sp. (Megachilidae) on Penstemon
(Plantaginaceae) in which bees constantly jerk their
whole body inside and outside to rasp the anthers and
scrap pollen from thorax with the help of midleg.

Members of the family Megachilidae play an
important role in pollination and are considered efficient
pollinators in most agricultural and flowering plants.
Megachilids are generally known as leafcutter bees,
wood borers, mason bees, resin bees, and cuckoo bees.
Leafcutter bees play an important part in the pollination
service and provide large productivity. But they reduce
the aesthetic values of the plants by cutting leaves for
making their brood cells. Due to drought, fire, reduction
of survival habitat, destruction of natural habitat,
urbanization, enormous uses of the pesticide, these
factors decrease the production of crops and flowering
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plants. In this situation, conservation of the pollinators
has appeared major issue. Improve conservation
strategies and utilization of good management policies
shall increase the diversity of the pollinator. Generating
the population of native pollinators resulted in high
yields which support the income of the farmers. Enough
resources and nesting sites increase the activity of the
bees in the habitat. [pomoea carnea Jacq. can use for
the conservation of Megachilid bees by making hollow
reeds. Most of the bees of this family use different
types of pollination mechanisms such as rubbing body
or scopa with anthers, presenting supportive structures
(hooked hairs on foreleg and mouthparts), seesawing,
tapping which help in removing a large number of pollen
grains from anthers. Improve management techniques,
encourage the flowering plants near the nesting site of
the bees, use bee’s friendly pesticide and sprayer shall
control the declining of the bees.
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