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ABSTRACT

Ecology and conservation status of bumblebee species remains poorly understood, especially in rapidly degrad-
ing urban ecosystems, which is important considering the role of bumblebees in the pollinations. We collected
more than 200 bumblebee (Bombus spp.) specimens under six species in different parts of the Kathmandu valley
(Kathmandu, Lalitpur, and Bhaktapur cities) in Nepal. The species of bumblebees were analyzed with their host
plant types and the land use change using remote sensing and field observation data. We found that the bum-
blebees exert strong variation and were significantly affected by the families of the host plants and the nature
of flowers (open and closed type) rather than colors and categories (invasive and noninvasive). We underline
that the rapid habitat loss by changing land use in the study area can be a potential threat to the conservation
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of these important pollinators, and thus, need focused habitat conservation efforts.
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INTRODUCTION

Bumblebees are pollinators of many flowers that have high
thermoregulatory abilities and are able to be active even at
very low ambient temperatures (Miller-Struttmann et al.,
2014; Corbet et al., 1993). Thus, they serve as important pol-
linators, especially in an alpine ecosystem (Yu et al., 2012).
They are pollinators for many cultivated fruits, vegetables and
spices, hence making them economically important. In recent
years, dramatic declines of bumblebees have been reported in
many parts of the world (Cameron et al., 201; Goulson et al.,
2010; Potts et al., 2010; Williams and Osborne 2008) probably
related to climate change, habitat lost, pathogens and land use
change (Jacobson et al., 2018; Kerr et al., 2015; Rasmont et al.,
2015; Cameron et al., 2011; Faeth et al., 2011).

The potential ecological consequences of urbaniza-
tion in bumblebees, especially invasive plants, color of host
plants and land use change are not well understood. Many
studies have suggested that urbanization may result in some
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important ecological consequences, such as habitat loss for
many pollinators with increasing urbanization (Neil and Wu,
2006; Geslin et al., 2013). It is known that the decline of host
plants is linked with the parallel decline of pollinators in re-
sponse to land use change (Weiner et al., 2014; Goulson et
al., 2010; Potts et al., 2010; Williams and Osborne, 2008). The
growing urbanization has change the land use pattern, habitat
quality and availability of host plant for bumblebees leading
to the negative impact in urban ecosystem and sustainable
ecosystem service (Gunnarsson and Federsel, 2014; Jha et
al., 2013; Carvell et al., 2011; Potts et al., 2010; Biesmeijer et
al., 2006). Bumblebees use flower traits, such as odor, shape,
size and color to locate pollen—nectar sources therefore dis-
criminate different flower species (Reverte, 2016; Dotterl et
al., 2014; Chittka and Raine, 2006). Similarly, there is a rapidly
growing impact of invasive alien plants on native insect pollina-
tors including bees and bumblebees. Such impacts are likely
to vary according to the taxon of host plant, the functionality
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of pollinators across ecosystem context (Bezemer et al., 2014).
More field-based studies are needed to elucidate this issue un-
der the current global change scenario.

This study assessed the bumblebees (Bombus) and
their foraging plants, explored the response of bumblebees on
host plants and also analyzed the land use change of study area
to envision the possible consequences on its bumblebee fauna.

1. MATERIALS AND METHODOLOGY

1.1. Study area

This study was focused in the Kathmandu Valley (27°32'13” to
27°49'10” N latitude and 85°11’31” to 85°31'38” E longitude).
The area covers the four major cities (Kathmandu, Kirtipur, Lal-
itpur and Bhaktapur) of Nepal.

1.2. Sample collection and identification

The species survey was conducted extensively from April 2017
to November 2018 in different locations of the Kathmandu val-
ley. Accessible walking trail in different habitat was considered
to collect the bumblebees. The specimens were collected by
the sweeping net method. Coordinate of bumblebee collection
points were recorded, the host plant of the bumblebees, and
the flower color, family, category (invasive/noninvasive) and
the nature of flowers (open and close) of those foraged plants
were observed and recorded. Finally, the collected bumble-
bees were kept in the refrigerator (-4°C) to preserve them. Af-
ter that, the specimens were dry-mounted on standard insect
pins for identification.

1.3. Specimen identification

Specimens were identified using the published identification
keys for the Himalaya region from Kashmir to Nepal (Williams
et al., 2010), and India (Saini et al., 2015). The collected bum-
blebees were observed in a stereoscopic microscope under dif-
ferent magnifications (10x, 20x, and 40x). Similarly, food plants
were also identified up to family level. The collected specimens
were deposited in the Entomological Museum of the Central
Department of Zoology, Tribhuvan University, Kirtipur.

1.4. Data analysis

Analysis of variance (ANOVA) with frequency of bumblebees,
color of flowers, category (invasive and noninvasive plants),
and families of host plant from the sampling points was per-
formed. Similarly, our data were analyzed by applying gener-
alized linear mixed effect model (GLMM) with the negative
binomial distribution to find the effect of natures, categories
and families of host plants. We considered the nature (close
and open ) of flowers as the random effect in the distribution
of bumblebees. Similarly, non-matrix multidimensional scal-
ing (NMDS) was used to ordinate the relation of host plant
families and bumblebee species with distance based (bray)
meta-MDS dissimilarity function from the vegan package in
R-software.
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1.5. Land use change analysis

Land use data of 2000 and 2010 were compared and the trends
of land use changed in Kathmandu valley was examined. The
land use classes were obtained from the previous land use data
of Nepal, derived from the REDD Implementation Cell, Minis-
try of Forest and Soil Conservation (http://mofsc-redd.gov.
np/). To evaluate the classification performance, the outputs
of the Geographic Information System analysis were compared
with the field observation and the high resolution Google Earth
imagery.

2. RESULTS

2.1. Abundance of bumblebees in study sites

In this study, 525 bumblebee specimens were collected repre-
senting six species of the bumblebees. We found that the high-
est individual abundance was Bombushaemorrhoidalis and the
least abundance was B. trifasciatus (Fig. 1). We observed these
bumblebees from 11 host plant families having six flower col-
ors. We analyzed the effect categories, nature, color and fami-
lies of flowers of species of bumblebees (Table 1). The families
and natures of host plants were significantly affected, but we
found no significant effect with categories and colors of flowers
in abundance of bumblebees in our study.

2.2. Relative frequency of bumblebees with colors types of
host plants

The relative frequency of bumblebees with the color of flowers
was also analyzed (Fig. 2). The highest variation of all six spe-
cies was represented from the yellow-colored flowers and the
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Figure 1. Map of Study area: A false color composite image of Kathman-
du valley based on Landsat Imagery (vegetation is represented by red

color). Inset map showing the location of Kathmandu valley in Nepal.
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Table 1. Analysis of variance (ANOVA) with frequency of bumblebees, color of flowers, category (invasive and noninvasive plants), and families of host plant from the

sampling points

Factors Sum Sq. df F-test p-value
categories 40.3 1 2.5084 Ns
nature 38.3 1 2.406 0.05
color 131.1 6 1.3607 Ns
family 265.1 9 1.8352 0.0527

lowest variation of bumblebees presented in the blue-colored
flowers.

2.3. Effect of host plant types on bumblebees

We implied Generalized linear mixed effect model (McFadden’s
pseudo R?=0.312), with the negative binomial distribution (AIC
= 14.7) to find the effect of natures, categories and families of
host plants (Table 1). We performed random effects test (Var =
-1.21 and SD =-0.0011) of the nature of flowers. There is a sig-
nificant effect of nature (open and close) and different families
of host flower, but not categories (invasive and non-invasive
host plant, as shown in Table 2). Similarly, we performed non
matrix multidimensional scaling (NMDS) to ordinate the rela-
tion of host plant families and bumblebees’ species. We used
distance based (bray stress = 0.05) meta-MDS dissimilarity
function (Fig. 3).

2.4, Land use change analysis of Kathmandu valley

A total of 100 random points were generated (Fig. 5) from the
satellite-based classified image and the points were overlaid
and evaluated from the Google Earth image. Overall, the clas-
sification efficiency was more than 88%. The possible impact of
land-use changes (Table 3) in the natural habitats of bumble-
bees and the possible change of their relevant host plant types
can be evaluated, especially declining status of agriculture land
(-5%) and forest area (-3%) and grassland (-19%). The major
host plant families documented in this study were recorded
specifically from forest, farmlands, and grassland habitats.

Frequency
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Figure 2. Mean abundance of Bumblebee species (B. haemorrhoidalis

(hae), B. albopleuralis (alb), B. breviceps (bre), B. flavescens (fla), B. tri-
fasciatus (tri), B. turneri (tri) in the sampling sites

3. DISCUSSION

In this study, B. haemorrhoidalis was the most widely and
commonly visited species of local flora (Fig. 2); similar behav-
ior was obtained in the eastern as well as western Himalaya
(Sinu et al., 2011) and explained as a significant pollinator in
these landscapes. The variation in distribution in different loca-
tions with different flora showed diverse floral host range for
collection of nectar and pollens of this species (Nagano et al.,
2014). The species richness and abundance of bumblebees are
significantly affected by types of flower resources, indicating
that there is a strong association of bumblebees with families
of host plants across the study area. Many explanations have
pointed out how flora characters such as morphology, color
and scent are associated with the attraction of the bee com-
munities (Stone et al., 2003, Cnaani et al., 2006; Fornoff et al.,
2017). Elliott (2009) resulted the relation of foraging distances,
bumblebee and flower availability (Williams and Osborne,
2009) indicated that species richness of bumblebee depends
on increasing flower cover and the type of host plant and their
richness compared to the other factors. The floral resources
are the factors that alter the species richness, species diver-
sity and abundance of the bumblebees (Potts et al., 2010). The
reduction in species richness, evenness and abundance of the
bumblebee is due to habitat fragmentation and reduction in
the floral resources (Goulson et al., 2008; Xie et al., 2008),but
Inouye (1980) studied the effect of morphological characters
such as corolla length and of proboscis on the rate of flower
visitation by bumblebees where short-tongued bees foraged
faster on short-corolla flowers than long-tongued bees. In our
study, the differential significant effect of plant families and
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Figure 3. Relative frequency of the collected Bombus spp. in different
flower color: Blue (blu), Pink (pin), Purple (pur), Red (red), White (whi),
Yellow (yel)
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Table 2. Summary of the Generalized linear mixed effect model (GLMM) about the effect of natures, categories, and families of host plant with frequency of bumble-
bees. Relation of Natu (open-OP, close-CL), Categ (Invasive-IN, Non —Invasive -NI) and Families of host plants: Cannaceae (Can), Cucurbitaceae (Cuc), Solanaceae (Sol),
Asteraceae (Ast), Malvaceae (Mal), Convolvulaceae (Con), Lamiaceae (Lam), Verbenaceae (Ver), Balsaminaceae (Bal), Rosaceae (Ros), Fabaceae (Fab), Iridaceae (Iri).

Fixed effect: Variables Estimate Std. error z-test p-value
(Intercept) 1.79112 0.15283 11.719 2.00E-16
Natu (OP) -0.5857 0.34709 -1.687 0.05152
Categ (NI) 0.11144 0.08456 1.318 0.18756
Fam (Bal) -0.51626 0.4718 -1.094 0.27385
Fam (Can) 0.25867 0.41428 0.624 0.53237
Fam (Con) 0.42506 0.35233 1.206 0.22764
Fam (Cuc) 0.4059 0.42223 0.961 0.33639
Fam (Fab) 0.22378 0.21706 1.031 0.30257

Fam (Iri) 0.88036 0.61941 1.421 0.15524
Fam (Lam) 1.03451 0.41773 2.477 0.01327

Fam (Mal) 0.58026 0.46285 1.254 0.20997

Fam (Ros) -0.0641 0.57807 -0.111 0.9117

Fam (Sol) 1.05471 0.3829 2.755 0.00588

Fam (Ver) 0.5791 0.33381 1.735 0.05277

Table 3. Land use change in the Kathmandu valley from 2000 to 2010
Class Landuse2000 % Coverage Landuse2010 % Coverage Change (km?) % change
(km?) (km?)

Forest 425.5 47 412.7 46 -12.7 -3
Shrubland 1.6 0 0.6 0 -1.0 -62
Grassland 21.8 2 17.5 2 -4.2 -19
Agriculture 309.0 34 294.6 33 -14.4 -5
Barren land 1.6 0 2.0 0 0.4 27

Water 11 0 0.9 0 -0.3 -24
Settlement 139.7 16 171.9 19 32.2 23

nature of flowers (Table 1) on the abundance of bumblebees
is probably associated with the specific floral characters of that
particular family and nature of flowers. No statistically signifi-
cant effect of categories of host plants (invasive and noninva-
sive) were observed in the study, especially for the abundance
species of bumblebee.

The bumblebee species were found foraging abun-
dantly in non-invasive categories of plants, while the invasive
species, L. camera, was found as a continuous floral resource
during the study period. The families, Cucurbitaceae, Fabaceae,
and Verbenaceae were the most visited families by the bumble-
bee. This study has no significant effect on the color of flowers
for the abundance of bumblebees, however, there are great
variations of bumblebee frequencies with color types of a par-
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ticular flower (Fig. 3) indicating the differential color preference
by bumblebee species in the area. Raine and Chittka (2005)
explained the color preferences of the bumblebee (Bombus)
in relation to the foraging performance and fitness. They con-
cluded significant variation in their unlearned preference for
violet over blue flowers. The blue color attracts more flower
visitors due to the high amount of sugar availability (Dyer and
Chittka, 2004) in the blue color than other flowers. The highest
abundance as well as the high preference of bumblebee was
observed in the blue color flowers due to the presence of high
rewards (nectar) in the blue color flowers. Similarly, Lunau et
al. (1996) studied the color choices of bumblebees and their
implications for color perception. Similarly, Giurfa et al. (1995,
1996) carried out a research on color preferences of flower na-
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Figure 4. Non-matrix multidimensional scaling (NMDS) between the
bumblebee species and the host families Cannaceae (Can), Cucurbitace-
ae (Cuc), Solanaceae (Sol), Asteraceae (Ast), Malvaceae (Mal), Convol-
vulaceae (Con), Lamiaceae (Lam), Verbenaceae (Ver), Balsaminaceae
(Bal), Rosaceae (Ros), Fabaceae (Fab), Iridaceae (Iri)

ive bees. They concluded that bumblebee prefer colors of high
color purity. The landscape context and the habitat quality in-
fluence the species composition of bumblebee (Carvell et al.,
2011). Myczko et al. (2015 ) examined the flower color choice
such as purple or white in Corydalis cava where they found
that bumblebee queens and bumblebees differ in their choice
of flower color.

Recent scenario of land use change from 2000 to
2010 (Fig. 5) indicated the rapid change in land use pattern
that has resulted in the rapid expansion of urban area, which
is the challenging for the conservation of natural habitat and

urban agro-ecosystem (Table 3) for many insect pollinators. If
this trend of decline in agriculture and other natural habitat in
Kathmandu valley continues in future, it can be expected that
there will be a huge loss of urban pollinators, including bumble-
bees that especially depends upon the agri-based host plants
such as leguminous and solaneceae. Land-use changes may be
having a negative effect through reductions in food plants in
many parts of the world (Weiner et al., 2014; Potts et al., 2010;
Grixti et al., 2009; Williams and Osborne, 2009). Similarly, the
effect of urbanization on plant pollinator interaction is poorly
documented, however, few studies suggested an adverse ef-
fect on plant-pollinator interactions. These studies suggested
a negative effect of urbanization with some herbivore groups
and some pollinators (Geslin et al., 2013). Loss of habitat and
fragmentation due to rapid urbanization are major threats to
the conservation of bumblebees in many parts of the world.
Many studies have shown that the urbanization effects on
structure and communities of insects, resulting vast changes in
their abundance and richness (Grimm et al., 2008; Raupp et al.,
2010; Gardiner et al., 2014). The understanding and the explo-
ration of bumblebees’ host plant dynamics in the present ur-
ban habitats may help conservationists for planning sustainable
conservation strategies as shown in other parts of the world
(Faeth et al., 2011).

In conclusion, Kathmandu valley is probably attrib-
uted to a decline in its floral resources — growing urbanization,
land use changes and changes in habitat might be the possible
threats. Our result highlighted the importance of some host
plants for the conservation of bumblebee in this rapidly urban-
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Figure 5. Land-use change in the Kathmandu valley from 2000 to 2010
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izing valley. The diversity and morphology of floral resources
are the major limiting factors in the species richness and dis-
tribution of bumblebees in the study area rather than specific
color and categories (invasive and noninvasive) of the par-
ticular host plant. The gradual land use change of Kathmandu
valley and the possibility of reduction of potential food plants
has highlighted the need for sustainable conservation of these
important pollinators, including bumblebees. These findings
highlight that the abundance and diversity of bumblebees is
sensitive to increasing urbanization that provides new clues to
improve conservation measures in this rapidly urbanizing site.
Therefore, the conservation of local floral resources via Promo-
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