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Abstract

Occurrence and variety of flowering host plant of native Bombus pollinators are viewed as basic

alternatives than the imported species. The use of native bumblebee species for pollination was
considered more significant than imported bumblebees to reduce environmental impact and pest
problems. B. haemorrhoidalis is the most dominant species of Chitwan Annapurna Landscape in
agricultural and wild flora during April to September 2019. We followed assessable walking trails
and used insect net for sample collection. The effect of different environmental variables on the floral
host plant resources of this native bumblebee was examined. With eight locations ranging from 1407
to 2506 meters above sea level, twenty-seven species of seventeen plant families were identified as
pollen and nectar foraging host plants. B haemorrhidalis distribution frequency is correlated with
relative humidity (0.07438968) and altitude (0.495657857). The most visited plant family was
Balsaminaceae and plant was Imatian scrabida. This study gives the knowledge of abundance of host
plants, ecological and biological relationship of the B. haemorrhoidalis in Nepal.
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Introduction

Bumblebees (Hymenoptera, Apidae) are pollinators of many wild as well as agricultural
plants. They have high thermoregulatory behavior. Rapid pollination, burst the pollen
sac by vibrating the wings and ability to forage at low ambient temperature (Miller-
Struttmann etal., 2014) and light makes them the most consistent and efficient pollinators
(Heinrich, 1979; Abrol, 2012). So, they behave as significant pollinators, mainly in an
alpine surroundings (Yu et al., 2012), gradually, accelerated world human population
stresses the usage of such crop pollinators specifically for commercial plants grown
under extensive (Griffiths and Robberts, 1996). Pollination by these important actors’
aids in fruit production, weight, size, and other chemical characteristics to achieve cost-
effective production (Aizen et al., 2008; Klein et al., 2007).

Different species bumblebees like Bombus terrestris, B. impatiens, B. occidentalis and
anumber of other are used for commercial pollination of various crops within the world
(Kwon and Saeed, 2003; Velthuis and van Doorn, 2006). These species are expensive
to import (Velthuis and van Doorn, 2006), and they compete for nesting locations, food,
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and other resources with native pollinator species, particularly Bombus (Couvillon et
al., 2010).

34 species of bumblebees have been recorded from Nepal (William et al., 2010). Among
them, B. haemorrhoidalis is a dominant pollinator of wild as well as agricultural flowers
in the lower to mid altitude region of mid himalya (William 2010 and Streinzer M., et al.,
2019) and it is the major pollinator in commercial farm of cardamom (Sinu et al 2007).
Fourteen CHAL species of plants have been classified in the CITES Annexes, and their
extinction is due to a variety of factors, one of whom is reproductive success. Plant
reproductive success has diminished due to the decline of suitable pollinators. However,
no research has been done on the interaction between pollinators and hostplants, that
results in a decline in plant reproductive rate due to a shortage of adequate pollinators.
This study fills a knowledge gap in CHAL on the abundance of B haemorrhoidalis and
their forage plants at various elevation levels.

Materials and Methods

Fig: 1- study area
Surveys were conducted along an altitudinal gradient (from 500 to 3500 m asl) in
three river valleys of the Chitwan Annapurna Landscape (CHAL) Kaligandaki (west
site), Marsyangdi (mid site), and Budhigandaki (east site) in central Nepal (Figure 1)
throughout flowering season between April and November 2019 at 9am to 6 pm. We
observed around the flowering plants present at any location along the walking path
when a foraging bumblebee was noticed, and the bumblebees on the site were collected
and recorded. An entomological net was used to capture Bombus species, which were
then killed with ethyl acetate. We noted habitat types, altitude, and the GPS position
of the collecting points during the survey. To prevent mold growth during shipment,
specimens were kept in airtight containers with a few sheets of tissue paper and a
drops of ethyl alcohol and were subsequently dry-mounted using standard insect pins.
The collected specimens were deposited in the Entomological Museum of the Central
Department of Zoology, Tribhuvan University, Kirtipur (www.cdztu.edu.np). The
Collected specimens were observed under a stereoscopic microscope and identified
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using published keys for adjoining regions, eg. Nepal ( William 2010), North China (An
et al 2014), India (Saini et al 2015), Kashmir (Williams 1991) and Sichuan (Williams
et al 2009).

Results

Collected 103 specimens of B. haemorrhoidalis showed wide range of variations
providing the successful adaptation in the nature. It was found in agricultural and natural
mountainous landscape between 1407 and 2505 meters in altitude. Grassland, home
gardens, dense forest trees, and cultivated crops were among their preferred forage
plants. The distribution frequency of B. haemorrhoidalis was highest in lower altitudes
and low in high altitudes (Fig 3). This species was not recorded highest altitude of the
2505 masl in our study areas. During our field, 40% specimens were recorded from
agricultural land, 31 % from forest, 25% from grass land and 4% from home garden

(fig. 2)
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The correlation between frequency of B. haemorrhoidalis with environmental variables
(temperature and relative humidity) and altitude was calculated, we obtained (Relative
humidity = 0.07438968), (Temperature = -0.193060815) and altitude (Altitude =
0.495657857). Then, we concluded that frequency of B haemorrhoidalis was negatively
correlated with relative temperature but positively correlated with altitude and humidity.
Twenty-six species belonging to seventeen plant families were observed as host plants
in eight new habitat ranging from 1407-2505 m altitude (Fig 4 and 5).

The families of plants visited for nectar and pollens belonged to Asteraceae,
Balsaminaceae, Brascicaceae, Caprifoliaceae, Cucurbitaceace, Fabaceae, Hypericaceae,
Lamiaceae, Liliaceae, Malvaceae, Melastomataceae, Oleaceae, Papaveraceae,
Polygonaceae, Rosaceae, Solanaceae and Verbanaceae. The most commonly visited
Imatiens scabrida, Solanum tuberosum and Cucurbita sp, belonging to the families
Balsiminaceae, Solanaceae and Cucurbitaceae respectively (Fig 4 and fig 5). The hills
of Tatopani and Dharapani in Mustang and Manang Districts (fig. 6) had the least
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number of bumblebees, which could be attributed to a lack of flowering host plants for
these bees to forage on. The highest frequency of B haemorrhoidalis was recorded to be
the foremost common wild /matiens scabrida flowering host plants on Lower kerauja
and Lapu with common visitation of the determined humblebee species. Sunflower,
cucumber, and potato were among the cultivated plant species visited by bumblebees
for nectar and pollen, while Jasminum hummile (yellow Jasmine) was a common wild
herb with a medium level of bumblebee visitation.

Haemorrhoidalis species forage on the specific host
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Fig: 4 Foraging frequency of B haemorrhoidalis on specific host plants

families wise distribution of B
haemorrhoidalis

W Frequency

Frequency

Plant Families

Fig: 5- Foraging of B haemorrhoidalis on families of host plants
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Fig: 6 Site-wise abundance of B. haemorrhoidalis in study areas
The thoracic pubescence of B. haemorrhoidalis is black, and it has a huge body
(20+£4.4mm) with long and large wings (20+£3.2mm); the forewing is three times longer
than the width. Tergal-2 had a bright yellow color, whereas Terga3-5 was an orange-
red color. The length of antennal segment 3 was 1.5 times that of antennal segment 4.

Discussion

In nature, a variety of bee species play an important role in pollination and the survival
of plant species. A few bee species have been used for agricultural pollination and
expansion in order to meet people's food needs and the economic value of the yields
in specific areas. The B. haemorrhoidalis was important pollinator of wild as well as
agricultural plants of wide range of altitude (1407-2505 m asl) and the abundance
frequency of this species was also higher lower altitudinal region of mid Himalaya
region Nepal. (William et al., 2008) recorded B. haemorrhoidalis at 1000m asl in
Kasmir India whereas (William et al 2010) recorded this species at the altitude of 850
m asl, in Nepal and (Saini et al, 2015) recorded at the altitude of (1000-2700 m asl) in
India. The abundance frequency of B. haemorrhoidalis was correlated to temperature.
Foraging of B. haemorrhoidlis was found positively correlated with altitude and
humidity while negatively correlated with temperature. The study correlates with (Peat
and Goulson, 2005) who stated that foraging rates of B. haemorrhoidalis was positively
correlated with humidity while temperature did not significantly influence foraging
rate. Positive correlation between foraging of bumblebee and humidity is because
nectar secretion rates were higher at high humidity (Peat and Goulson, 2005). They also
indicated that bumblebees avoid collecting pollen when the foliage is covered in dew
or rain-water droplets, which would make grooming pollen into the corbiculae harder.
Also, bumblebee’s frequency was found positively correlated with altitude which also
correlates with (Williams et al., 2010; Streinzer et al., 2019) who has decided species
diversity of bees increases with altitude. At contrast with (Hoiss et al., 2012) who
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concluded that species richness and abundance of bees showed a linear decline with
increasing altitude because the diversity of species decline linearly with decreasing
temperatures. But bumblebees are able to forage at extremely low temperatures
(Allen-Wardell et al., 1997; Saini et al., 2012) so their frequency was found negatively
correlated with temperature and positively correlated with altitude in the study area.
B. haemorrhoidalis had found frequently visiting host plant of family Balsaminaceae,
Solanaceae and Polygonaceae. Bumblebee prefers to visit flowers that are larger and
more symmetrical and hence enhances pollen transport Moller (1995). So the flowers
of the host plants of these families being symmetrical with higher availability of nectar
for foraging might be preferred more by bumblebee than the flowers from other rest
families. Flowers of balsaminaceae are attractive to pollinators when they are open,
since they provide either pollen or nectar, which provides sugar to pollinators (Delaplane
and Mayer, 2000). This could be the reason for the greater visitation of bumblebee
towards the host plants of balsaminaceae. We also observed that the open flowers of
Solanaceae were highly visited by bumblebee, it correlates with the study on Comarum
palustre (Rosaceae), in which bumblebees were the main visitors (Somme et al., 2014).
Flower aroma is thought to be a crucial long-distance signal for native bees looking for
their first floral meal, and it can impact bee behavior, including flower attractiveness
(Heinrich et al., 1977; Dotterl et al., 2005). The flowers of Rutaceae are symmetrical
and are often sweet-scented which might be the reason that the bumblebees were found
to be attracted towards the flowers of the host plants of this family. According to, the
bumblebee's species composition is influenced by the landscape context and habitat
quality (Carvell et al., 2011).

The agricultural field, forest and grassland was rich in B haemorrhoidalis than the
home garden. The diversity and abundance of the bumblebee in the specific habitat is
affected by distance between nest and floral resources (Hines and Hendrix, 2005) so
it may be the reason for higher diversity and abundance of bumblebee in agricultural
land of study area. Also Ockinger and Smith (2007) recorded higher species richness of
the bumblebees in the field boundaries within the 100 m of a semi natural habitat. The
reason for high diversity is due to the resources provided by the agricultural land and
the presence of the perennials and herbaceous food plants in the in agricultural land.
Goulson (2010) revealed the reasons for the highest abundance of bumblebee in the
specific habitat is due to the inflow of the foraging bumblebee in the specific habitat
from the other areas so the abundance of the bumblebee in agricultural land was higher
than the grass land and the human settlement in the study area. The landscape context
and the habitat quality influence the species composition of bumblebee as stated by
(Carvell et al., 2011).

B. haemorrhoidalis had found repeatedly visiting host plants in the balsaminaceae,
solanaceae and cucurbitaceae families. Bumblebees prefer to visit open, more
symmetrical blooms, which improves pollen transmission (Moller 1995). Therefore, the
flowers of these host plants are symmetrical and have a higher availability of nectar for
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foraging, bumblebees may prefer them over flowers from other rest families. Pollinators
are attracted to /matiens blooms as they open, especially as sources of pollen or nectar,
both of which provide a rich source of sugar to pollinators (Delaplane and Mayer,
2000). This could also explain why bumblebees are foraging to Solanum tuberosum host
plants in higher numbers. The funnel shaped flowers of cucurbita sps. were also heavily
visited by bumblebees, which is consistent with the findings of a previous study on
cucurbita sps. Of host plants, in which bumblebees were the primary visitors (Somme
et al., 2014). Eugenol and geraniol are frequent floral scent molecules present in bee-
pollinated plants (Dobson 2006; Knudsen et al. 2006), and hence could be employed
to influence bumblebee-plant interactions. The flowers of the Balsaminaceae family are
symmetrical and frequently sweet-scented, which could explain why bumblebees were
drawn to the blooms of the plant.

Conclusion

B. haemorrhoidalis Smith was mostly observed in the altitudinal range of 1407- 2505
m asl on agricultural field. As floral resources, this species was found on twenty-seven
plants from seventeen different plant families, those floral plants were the main source
for provision of nectar and pollens found in wild and agricultural land. The range of
the simplest determined species, B. haemorrhoidalis became quite numerous and the
maximum typically visited plants belonged to circle of relatives Balsaminaceae but,
flowers with longer to be had floral resources have been visited greater than quick
season flowering.
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