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Abstract: Autumn season in Pakistan lasts from October to November. During these months most
of the bees decline in their populations, and by the end of November, they start getting into
hibernation to endure upcoming winter. Present study was carried out to investigate the
abundance of different ground and cavity-nesting bees of the autumn season at the Baghdad-ul-
Jadeed campus of the Islamia University of Bahawalpur, Punjab, Pakistan during 2019. The
population of their natural enemies (predatory and parasitic wasps and cleptoparasitic cuckoo bees)
and their floral host plants were also recorded. A total of ten bee species (including three
cleptoparasitic cuckoo bees) and nine predatory or parasitic wasp species were recorded, however;
bees were more abundant than wasps. Ground-nesting bees comprised 90.09% of total bee
abundance. Wasps were higher in abundance than cleptoparasitic cuckoo bees. A cavity and a
soil-nesting bee, i.e. Ceratina sp. and Pseudapis sp.1, respectively visited the maximum number
of plant species. The maximum number of bee species visited Leucaena leucocephala,
Trianthema portulacastrum and Carthamus oxyacantha. Current study gives a baseline for future
conservation and pollination management programs in the region.
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1. Introduction

More than 20,000 species of the bees have been

studies have established a significant relationship
between pollinators decline and decreased ecosystem
service of crop pollination (Hausmann and Petermann,

taxonomically described (Michener, 2000). Wild bees
pollinate 87% of flowering plants and ensure 35% of
the global food supply by pollinating 75% of global
food crops (Ollerton et al., 2011). Not only in the
wild and agricultural habitats, but they also
accomplish pollination of plant species in urban
habitats, i.e. public parks and re-vegetated wasteland
(Cane, 2005). Several bee species have been
documented as the effective pollinators of fruits and
vegetables in southern Punjab, Pakistan (Akram et al.
2019; Zameer et al. 2017; Ali et al. 2014). Bees are
usually hairier and perform different functions than
wasps, such as the collection of pollen from flowers
as a protein source (Michener, 2000). The diversity,
abundance and richness of bees are reported to
enhance the crop yield (Goulson, 2003). Previous

2016).

Processes occurring at the landscape scale have a
substantial influence on local diversity and dynamics
(Kareiva and Wennergren, 1995; Polis et al., 1997).
Habitat loss, fragmentation, agrochemicals, pathogens,
alien species and climate change are mainly
responsible for the decline in pollinator species (Potts
et al., 2010). Organic cropping can be one of the
conservation strategies of bees as it promotes the
diversity of wild bees and density of managed bumble
bees (Holzschuh et al., 2008). The reduction of bee
population has led to serious concerns over ecosystem
service of pollination and crop yield. Therefore, there
is a need to conserve, monitor and maintain their
population, especially in agricultural ecosystems
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(Perfecto and Vandermeer, 1996, Kremen et al.,
2002).

As most of the native bees hibernate in the winter
season, late autumn is a critical time to help conserve
native bees by adopting some suitable conservation
measure. However, this requires strong baseline
knowledge of their populations, floral host plants,
nesting requirements and natural enemies. Current
study was planned in the same context aiming to
document the diversity and assemblage of ground and
cavity-nesting bees, their floral host plants and
natural enemies during the autumn season (a time
when most of the bees are preparing for hibernation)
under the sub-tropical climatic conditions of
Bahawalpur, Pakistan.

2. Materials and Methods

2.1. Study area

The study was conducted in Baghdad-ul-Jadeed
campus of the Islamia University of Bahawalpur
(IUB), Punjab, Pakistan (29°22'16.3"N 71°45'52.9"E;
181 meters above sea level), scattered over an area of
518 hectares. Climate of the study area is sub-tropical
with a long hot summer and short cold winter. There
are four different seasons: spring (March to May),
summer (June to September), autumn (October to
November) and winter (December to February), in the
study area. Most of the plant species (about 60%)
blossom during the spring season (Sajjad and Saeed,
2010; Sajjad et al., 2012). The campus is
characterized by a variety of landscapes and land-use-
types including naturally occurring desert, planted
forest, agricultural land, ornamental grassy plots,
roads and buildings.

2.2. Survey of bees

For observing soil-nesting bees, random walks
were made in the study area by four observers from
10:00 h to 16:00 h on a weekly basis (i.e. two hours
per observer per census). Total sampling effort was
72 hours around 12 observation days. During each
census, each observer performed a random walk and
observed any bee or wasp entering or leaving some
hole in the soil. The bees or wasps were caught with a
collection net and preserved in the laboratory of
Department of Entomology, University College of
Agricultuer and Environmental Sciences, Islamia
University, Bahawalpur, for later taxonomic
identification. Similar procedure and sampling efforts
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were made for cavity-nesting bees while observing
dry wood logs and mud wall nesting in the study area.

2.3. Visitation census of bees on flowering plants

In order to know bee host plants, a weekly census
was also conducted on all the available plants in the
flowering phase. These include all trees, shrubs,
seasonal weeds, ornamental plants, orchard trees and
vegetables. In each census, five individuals of each
plant species were randomly selected, and each plant
was observed for five minutes for visitation of bees
during peak activity timing (9:00 h to 11:00 h). The
temperature and relative humidity during the whole
study period (September to November) ranged from
22 °C to 40 °C and 51% to 74%, respectively. The
visiting bees were collected, killed and preserved in
the laboratory for later taxonomic identification.

2.4. Taxonomic ldentification

Bees were identified to genus level by using keys
of Michener (2007). Wasps were identified to family
level by using keys of O'neill (2008).

3. Results

A total of ten bee species in three families (i.e.
Megachilidae, Halictidae, Apidae) and nine wasp
species in four families (i.e. Crabronidae, Scoliidae,
Sphecidae, Vespidae) were recorded. A total of 125
individual were recorded, including 99 bees and 26
wasps. The soil-nesting bees were dominant over
cavity-nesting bees in terms of their abundance, i.e.
90.09 % ground-nesting bees and 9.90% cavity-
nesting bees. Two ground-nesting bees, i.e. Pseudapis
sp.2 and Amegilla sp. comprised 57% of total bee
abundance. Family Halictidae was the most abundant
among all other families of bees.

Cleptoparasitic cuckoo bees (i.e. they do not make
their nests; instead they lay their eggs in the nests of
their host bees) belonged to genus Euaspis
(Megachilidae), Thyreus (Apidae) and Sphecodes
(Halictidae). The parasitic wasps (i.e. they usually lay
their eggs in the larvae of their hosts) belonged to
genus Podalonia (Sphecidae) while Predatory wasps
belonged to genus Polistes, Vespa and Astata (Table
1). The ratio between pollinating bees and
cleptoparasitic cuckoo bees was 8.8:1.3 and the ratio
between pollinating bees and predatory wasps was
8.8:1. The overall ratio between pollinating bees and
natural enemies (predatory and parasitic wasps and
cleptoparasitic cuckoo bees) was 8.8:2.3.
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Table 1. List of bees and wasps collected during field survey at Baghdad-ul-Jadeed campus of The Islamia
University of Bahawalpur, Pakistan (September to November, 2019).

Supe_r Family Species Abundance Nesting type . Role in nature
Family (ground or cavity)
Apidae Amegilla sp. 21 Ground-nesting Pollinator
- Cleptoparasite,
Apoidea Thyreus sp. 10 pollinator
Ceratina sp. 2 Cavity-nesting Pollinator
Halictidae Lasioglossum sp. 12 Ground-nesting Pollinator
Pseudapis sp.1 36 Ground-nesting Pollinator
Pseudapis sp.2 7 Ground-nesting Pollinator
- Cleptoparasite,
Sphecodes sp. 3 pollinator
Megachilida  Megachile sp.1 3 Cavity-nesting Pollinator
e - Cleptoparasite,
Euaspis sp. 5 pollinator
Megachile sp.2 2 Cavity-nesting Pollinator
Crabronidae  Astata sp. 5 Ground-nesting Predator
Sphecidae Podalonia sp. 1 Ground-nesting Predator
Vespidae Polistes wattii 3 Eusocial, Paper nests Predator
Vespa orientalis 1 Eusocial, ground-nesting Predator
Vespoidea Vespa sp. 1 Eusocial, Paper nests Predator
Scoliidae Scoliidae sp. 1 2 Ground-nesting Parasitoid, Pollinator
Scoliidae sp. 2 6 Ground-nesting Parasitoid, Pollinator
Scoliidae sp. 3 4 Ground-nesting Parasitoid, Pollinator
Scoliidae sp. 4 2 Ground-nesting Parasitoid, Pollinator

Ceratina sp. visited the maximum number (12) of
plant species followed by Pseudapis sp. 1 (9),
Lasioglossum sp. (8) and Pseudapis sp.2 (7). The
minimum interaction with flowering plants was
recorded in case of Amegilla sp. (2) and Sphecodes sp.

(2). The maximum number (5) of bee species visited
Leucaena leucocephala, Trianthema portulacastrum
and Carthamus oxyacantha while the minimum
number of species (2) visited Calotropis procera
(Table 2).

Table 2. List of plant species visited by bee species at Baghdad-ul-Jadeed campus of The Islamia University of
Bahawalpur, Pakistan (September to November, 2019).

Bee species
Plant species Lasioglossu Megachile Amegilla  Megachile Pseudapis Pseudapis Sphecodes ~ Thyreus Ceratina  Euaspis
m sp. sp.1 Sp. sp.2 sp.2 sp.1 sp. sp. sp. sp.
Calotropis procera + T

Cassia occidentalis
Leucaena
leucocephala
Capparis deciduas
Trianthema
portulacastrum
Haloxylon recurvun
Salsola baryosma
Cucumis
prophetarum
Lantana camara
Acacia nilotica
Malvastrum sp.
Tribulus terrestris
Convolvulus sp.
Carthamus persicus
Verbena officinlis
Arivela viscosa
Achyranthes aspera
Ziziphus jujube

+

+

+

+

+

+
+

+

Rehman et al., 2020

©)

J. Environ. Agric. Sci. 22(3): 1-6



Abundance of Bees and their Natural Enemies

4. Discussion

In the present study, the bees were more abundant
than the wasps. A total of ten bee species in three
families and nine wasps in four families were
recorded. We surveyed from September to November
and found that bees were more abundant than wasps.
This finding is supported by a recent study by Sajjad
et al. (2019), who reported that bees remained more
abundant than wasps in the study area throughout the
year. The abundance ratio of bees and wasps vary
with climates and regions, i.e. bees are dominant over
wasps in sub-tropical regions while wasps dominate
over bees in tropical regions (Abrahamczyk et al.,
2011). This is because, in sub-tropical regions, the
availability of pollen and nectar resources is higher
than the tropical regions. On the other hand, in
tropical regions, besides feeding on bees, wasps also
feed on other arthropods (Potts et al., 2003).

In the present study, cuckoo bees belonged to
genus Thyreus (Apidae), Euaspis sp. (Megachilidae)
and Sphecodes (Halictidae) while parasitic wasps
belonged to genus Podalonia (Sphecidae) and
Predatory wasps belonged to genus Polistes
(Vespidae) and Vespa (Vespidae) and genus Astata
(Crabronidae). Bashir et al. (2019) reported some
cuckoo bees and parasitic wasps from southern
Punjab; they also reported some genera of family
Crabronidae. However, genus Astata and Euaspis are
being reported for the first time from the study area.

In the present study, the ground nesting bees were
dominant over cavity-nesting bees, i.e. 90.09 % and
9.90 %, respectively. Bahawalpur city mostly lies in
Cholistan desert gifted with brown sandy loam soil
(Matiullah et al., 2004) and a majority of the soil-
nesting bees preferred to construct their nests in
sandy loam soil (Cane, 1991). Kim et al. (2006)
reported that in sub-tropical regions ground nesting
bees were higher in abundance than wood nesting
bees. Cleptoparasitic bees have a stabilizing role
inside bee communities. The profusion and diversity
of cleptoparasitic bees concerning non-parasitic bees
indicates the overall status of bee community, and
their monitoring can play an essential role in
evaluating bee communities (Sheffieled et al., 2013)

Almost 70% of the 30,000 known bee species
make a nest in the ground (Cope et al., 2019)
Appropriateness of nesting site features for ground-
nesting bees is prejudiced by soil moisture, soil
texture, slope, depth, vegetation cover, and
availability of floral resources (Cane, 2001). Foraging
behaviours to collect leaves, resins and mud for
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segregation of nests also affect the habitat preference
(O’Toole and Raw, 1991). However, factors affecting
the reproductive success of ground-nesting bees over
cavity-nesting bees remain unclear (Morato and
Martins, 2006).

In the present study, Ceratina sp. visited the
maximum number of plant species followed by
Lasioglossum sp. and Pseudapis sp. The minimum
interaction with flowering plants was recorded in case
of Amegilla sp. and Sphecodes sp. A previous study
also suggests similar findings in the study area, i.e.
Ceratina and Lasioglossum species visited the
maximum number of flowering plants in the study
area than Amegilla sp. (Saeed et al., 2012).

In the present study, the maximum number of bee
species visited L. leucocephala, T. portulacastrum
and C. oxyacantha while the minimum number of bee
species visited C. procera. Leucaena leucocephala is
a tree with high socioeconomic importance as it is
used as fodder for livestock, and the wood is used as
fuel (Ngongolo et al., 2014). The brush shaped pale
flowers of L. leucocephala are visited by an array of
generalist pollinators (Gibson et al., 1989). Ngongolo
et al. (2014) reported Apis mellifera, Ceratina and
two species of Megachile as essential pollinators of L.
leucocephala in Tanzania. Trianthema
portulacastrum on the other hand, is a critical weed
and act as a vital source of honeybee forage even at
the critical time of floral scarcity in India and
Pakistan (Dalio, 2015; Sajjad et al. 2019). Carthamus
oxyacantha is another noxious weed of agricultural
lands and other semi-natural landscapes. Although the
flowering ends in early autumn it attracted several bee
species in this study.

Flowers of C. procera are melittophilous
(Sobrinho et al., 2013) however, few bees visited
because nectar is concealed in an almost fully
enclosed chamber surrounded by thick tissue with a
tiny opening (Wantrop, 1974). Eisikowitch (1986)
reported that C. procera was visited only by two
species of Xylocopa. Irshad and Stephen (2013) also
noticed the minimum number of bee visits on a
Calotropis species.

5. Conclusion

The present study gives a brief overview of the
assemblage of ground and cavity inhibiting
pollinating bees and their natural enemies during the
autumn season under sub-tropical climatic conditions.
Ground nesting bees were more abundant than cavity-
nesting bees. Only a few bee species were much
higher in abundance while many species were much
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lower in abundance. In terms of their abundance,
wasps appear to be the more destructive natural
enemies of pollinating bees than cleptoparasitic
cuckoo bees. The plant species holding the maximum
number of bee species interactions can be used to
conserve bees in this part of the year, i.e. L.
leucocephala, T. portulacastrum and C. oxyacantha.
The overall ratio between pollinating bees and natural
enemies (8.8:2.3) suggests study area as a balanced
ecosystem for the overall process of pollination.
Future studies should focus on in-depth tri-trophic
interactions of flowering plants, bees and their natural
enemies with a viewpoint of quantitative food web
predictors and their seasonal turnover as well.
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