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Abstract
Carpenter bees (Xylocopa spp.), belonging to the family Apidae, are efficient, large-bodied pollinators with
significant ecological and agricultural relevance, particularly in solanaceous and cucurbitaceous crops.
Their foraging behaviours-buzz pollination, traplining, and occasional nectar robbing-facilitate effective
pollen transfer, especially in floral structures inaccessible to honey bees. Nesting in wooden substrates
and bamboo, they exhibit solitary, tunnel-building behavior. Xylocopa spp. have demonstrated potential for
managed pollination in protected cultivation systems through the use of trap-nesting techniques. However,
habitat degradation, loss of nesting sites, and declining floral diversity due to anthropogenic activities
threaten their populations. Conservation and promotion of carpenter bees are imperative for sustaining

pollination services and agroecosystem resilience.
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Introduction

Carpenter bees, also known as large black
bees, are robust bees belonging to the largest
family, Apidae, within the super family Apoidea
of the order Hymenoptera. They are also known
as wood-boring bees. Carpenter bees are broadly
classified in two different genera: Ceratina
represented by small carpenter bees and, Xylocopa
consisting of large carpenter bees. The genus
Xylocopa comprises approximately 469 species
(Michener, 2000) grouped in 31 to 51 subgenera.
Xylocopa shows a cosmopolitan distribution over
most continents, mostly in tropical and subtropical
climates and rarely in temperate areas (Hurd and

Moure, 1963). Large carpenter bees are among the

largest bees in the world, often measuring over 3
cm in length. The females are easily distinguished
by their striking black, blue, or yellow metallic
coloured bodies, often speckled with lighter-
coloured pubescence. Males are smaller than
females and their entire body is coated with light
brown, light green, yellowish green, or yellow
pubescence in some species. The male and female
carpenter bees show noticeable sexual distinctions,
including the number of antennal segments
(males have thirteen segments, whereas females
have twelve), the number of abdominal segments
(males have more than seven, but females have
only six), the size and prominence of the tibial scale

(larger and more prominent in females but barely
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Figure 1. Carpenter bees (Xylocopa spp.) foraging (Left: on Marigold Flower; Right: on Clay Sage Flower)

noticeable in males), and the number of spines on
the posterior tibia (females have two, but males
have only one). The abdomen is pilose and well-
punctured, especially on the sides. The abdominal
dorsum is bare. Unlike honey bees, the hind legs
of carpenter bees are devoid of well-differentiated
pollen baskets. Many Xylocopa species are effective
pollinators of diverse plants, including agricultural
crops around the world (Table 1). Hence, they are
already being utilized for managed pollination
purpose in various countries. In natural habitats,
Xylocopa forages on a wide variety of flowers and
canremain active up to 402C, making them excellent
pollinators. Carpenter bees possess several
advantages as potential crop pollinators compared
to other non-Apis bees. They are contributing most
to crop pollination when honey bees are ineffective
especially in cucurbitaceous and solanaceous
plants. Carpenter bees exhibit various foraging
behaviours such as buzzing, traplining, territorial,
and opportunistic. These foraging behaviours

greatly benefit plants that are obligate outcrossers.
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Some species of Xylocopa even exhibit nocturnal
activity and forage on night-blooming flowers,
which are not accessible to honey bees and other
pollinators that are active during daylight. Since
they are relatively large pollinators, they can carry
more nectar than any flower visitors and they visit
more flowers or plants on their foraging trips. This
enhances their efficiency as pollinators. By their
legitimate foraging mode on flowers resulting
inefficient transfer of pollen from anthers to stigma
of the flower, thereby playing a significant role
in crop pollination. Some plant species that are
obligate outcrossers are exclusively dependent on

pollination by carpenter bees.

Foraging behaviour

In carpenter bees voltinism is determined
by ambient temperature and the availability of
floral resources. Flowers are major source of food
and required water for carpenter bees. Both male
and female carpenter bees collect nectar. The floral

arrangement, structure and size of the flowers
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Table 1. Crop pollination by various carpenter bee species around the World

Carpenter bee species Crop Country References

Xylocopa mordax Smith Passionfruit (Passiflora edulis | West Indies Cobertand
Sims. f. flavicarpa Deg.) Willmer, 1980

Xylocopa varipuncta Patton | Passion fruit (Passiflora edulisf. | Hawaii Nishida, 1963
flavicarpa Degener)

Xylocopa spp. Passionfruit (Passiflora edulis | Philippines Barrera et al,,
Sims. f. flavicarpa Deg.) 2021

Xylocopa pubescens Spinola | Honeydew melons (Cucumis [srael Sadeh, et al.,
melo L.) 2007

Xylocopa calens Lepeletier | Runner bean(Phaseolus Cameroon Pando etal,, 2011
coccineus)

Xylocopa (Lestis) Tomato (Solanum lycopersicum | Australia Hogendoorn et
L.) al,, 2000

Xylocopa varipuncta Patton | Cotton (Gossypium hirsutum L.) | U.S.A Waller et al.,

1985

Xylocopa sp. Alfalfa (Medicago sativa L.) U.S.A Ball et al,, 1929

Xylocopa olivacea Fab. Pigeon pea (Cajanus cajan) Cameroon Fohouo et al,,
[L.]) 2014
Cowpea (Vigna unguiculata Cameroon Mineo et al., 2024
[L.])
Sponge gourd (Luffa aegyptiaca | Ghana Mensah and
[Mill.]) Kudom, 2011

play an important role in carpenter bee foraging.
Carpenter bees select flowers that are compatible
with their size and can hold them while they
collect nectar. The positions of the reproductive
parts of the flowers also determine the pollination
efficiency and the amount of pollen grains the bee
gets. Carpenter bees normally collect nectar from
the flowers in a permitted manner by landing on the
flowers and sometimes entering within the flowers.
However, in some cases, Xylocopa species exhibit an
illegitimate way of collecting nectar called “nectar
robbing” or “nectar theft.” This behavior is common
when flowers have long, slender corolla tubes that
make the nectar inaccessible to the bees. Carpenter
bees make small holes at the base of the sepal or
68

petal wall adjacent to the nectaries using their hard
maxillary galeae and obtain nectar easily. However,
the nectar robbing in some plant species does not
hamper the legitimate visits by the other pollinators
and proportion of the nectar robbing varies from
5 to 15% of the total flower visits. Carpenter bees
also collect pollen grains along with the nectar. The
nectar and pollen are stored in their brood cell
for their upcoming generation. Before laying eggs,
female carpenter bees provision the brood cell
with enough nectar and pollen so that the newly
emerging larvae of carpenter bees can utilize the
reserved floral resources until they disperse from
the cell.
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Nesting behaviour

The nesting habit of the carpenter bee
stands out as an exceptional behavior in the entire
insect group. The name carpenter bee is derived
from their nesting habits and often considered as
structural pests in some countries but the benefits
as pollinators outweighs the structural damage
caused by the bees. Carpenter bees are solitary
bees that make their nests in old wooden logs
and bamboo stems by creating tunnel-like holes.
These tunnels may be branched or unbranched
according to the different species of carpenter
bees. Carpenter bees select nesting areas based
on various external factors. They choose nesting
areas where building materials are abundant and
usually avoid regions with frequent disturbances,
especially anthropogenic activities. Being solitary
and territorial in nature, they are cautious about the
presence of other carpenter bees before selecting a
nesting area. They usually make elliptical-shaped
tunnels as nests, with the entrance hole only
marginally broader than the bee’s diameter and
narrower than the tunnel’s width. The process of
digging is essentially nonstop and can extend into
the night, taking a few days or being completed in
sessions spread over several days. Tunnelling can
begin on the substrate’s damaged or sliced surface,
as well as on its vertical or horizontal surfaces.
Carpenter bees usually avoid polished or painted
areas on the wooden logs. Once the nest is made,
the female carpenter bees lay eggs inside the cells
provisioned with mixture of nectar and pollen and
prioritize guarding the eggs and cells. Carpenter
bees usually brood eggs two to four times per year,
from February to November, or this may be limited
to particular months according to the availability
of floral resources. Their breeding period varies
on different continents. The nests can be reused

multiple times after a generation emerges unless
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the nesting area is disturbed or destroyed.

The efforts are made to domiciliation of
carpenter bees and utilize them for augmented
pollination of crops in open field and protected
conditions. The carpenter bee Xylocopa fenestrata
prefers the bamboo nodes of 1.5 to 1.7 cm
diameter for the construction of their nests when
placed in angled position under shadow/shade
for protection from sunlight or rain. Frames made
from bamboo nodes are used for trap nesting
of X. fenestrata and then they can be used for
the pollination of the crops like cucumber and
ridge gourd under protected conditions. The
farmers’ practices in north eastern states like
providing the bamboo supports in the cultivation
of cucurbitaceous crops in help in conserving and
augmenting the population of the carpenter bees.
However, the more detailed studies on the foraging
behaviour under protected conditions are required
to have a recommendation on the augmentation of
carpenter bees for pollination of solanaceous crops
in protected conditions.

Carpenter bees exhibit an enormous
interdependent relationship with various plants.
Some plants provide them with pollen and nectar,
while others are excellent options for lodging their
nests. At the same time, carpenter bees are an
important example of pollinators on the planet.
They play a significant role in the pollination
of various plants, including beneficiary crops.
Frequent habitat loss and lack of food resources are
major threats to their survival. Extensive collection
of wooden logs, previously utilized by carpenter
bees as their nests, by fuel wood collectors has
caused significant habitat loss in the carpenter
bee community. Such disturbances caused by
anthropogenic activities pose a major threat to

their existence. These insects also play a role in
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the decomposition and recycling of underutilized
woods. Hence, it is necessary to conserve these
valuable creatures for the sake of a sustainable

future and for our ecosystem.
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