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1  |  INTRODUC TION

Pollinators are important agents for a stable ecosystem (De Groot 
et al., 2010; Kremen, 2008). They enhance pollination for both wild and 
cultivated flowering plants and help humans to increase agricultural 

production (Corbet et al., 1991; Kevan et al., 1990; Widhiono et al., 
2016). These insects also benefit the economic, aesthetic, and cultural 
aspects of mankind (Gill et al., 2016). In general, social and solitary 
bees, butterflies and moths, beetle and flies account as dominant polli-
nators (Vanbergen & Initiative, 2013; Wojcik, 2021).
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Abstract
Insect pollinators are important means for a stable ecosystem. The habitat types 
play a crucial role in the community composition, abundance, diversity, and species 
richness of the pollinators. The present study in Shivapuri- Nagarjun National Park 
explored the species richness and abundances of insect pollinators in four different 
habitats and different environmental variables in determining the community compo-
sition	of	the	pollinators.	Data	were	collected	from	1,500	m	to	2,700	m	using	color	pan	
traps and hand sweeping methods. Non- Metric Multidimensional Scaling (NMDS) and 
Redundancy	Analysis	(RDA)	were	conducted	to	show	the	association	between	insect	
pollinators and environmental variables. The results firmly demonstrated that species 
richness and abundances were higher (158) in Open trail compared to other habitats. 
The distribution of the pollinator species was more uniform in the Open trail followed 
by the Grassland. Similarly, a strong positive correlation between flower resources 
and pollinators' abundance (R2 = .63, P < .001) was found. In conclusion, the Open 
trail harbors rich insect pollinators in lower elevation. The community structure of the 
pollinators was strongly influenced by the presence of flowers in the trails.

K E Y W O R D S
community composition, open trail, pollinators, Shivapuri- Nagarjun National Park, species 
richness

T A X O N O M Y  C L A S S I F I C A T I O N
Entomology

http://www.ecolevol.org
mailto:﻿
https://orcid.org/0000-0002-3934-7568
https://orcid.org/0000-0002-8746-7601
https://orcid.org/0000-0003-3439-8267
https://orcid.org/0000-0003-2375-9303
https://orcid.org/0000-0003-2730-6678
mailto:﻿
https://orcid.org/0000-0002-6302-0354
http://creativecommons.org/licenses/by/4.0/
mailto:dyolaurmila@gmail.com
mailto:ksapkota.cdztu@cdz.tu.edu.np


2 of 14  |     DYOLA et AL.

Most of the cultivated plants around the world are pollinated by 
bees (56.5%), flies (19%), and butterflies (4%) (Bashir et al., 2019). 
Honeybees are better- known bees for pollination in comparison 
with	wild	pollen	bees	 (Losey	&	Vaughan,	2006;	Potts	et	al.,	2010)	
while flies and butterflies are the least known as pollinating insects 
(Jennersten,	1984;	 Larson	et	 al.,	 2001).	 Several	 studies	 show	 that	
there is decline in pollinators globally (Carvalheiro et al., 2013; Dirzo 
et al., 2014). Especially, the population of bumblebees (Cameron 
et	 al.,	 2011;	 Fitzpatrick	 et	 al.,	 2007)	 and	 butterflies	 (Van	 Swaay	
et al., 2010; Warren et al., 2001) is shrinking in the world due to 
natural as well as anthropogenic threats. The major drivers of pol-
linator loss are recognized as habitat loss, landscape modification, 
intensification in agriculture, and even climate change (Kearns et al., 
1998;	Kovács-	Hostyánszki	 et	 al.,	 2017;	Potts	 et	 al.,	 2010).	Hence,	
maintaining pollinator diversity in the given landscape requires an 
understanding of a clear pattern of pollinator diversity along with 
the habitat types.

The species richness, diversity, distribution, and commu-
nity structure of pollinators depend upon the local environment 
(Neumüller	et	al.,	2020;	Williams	et	al.,	2010).	Availability	of	flower	
resources, humidity, and temperature need to be taken into ac-
count especially while comparing the pollinators among habitats 
(Neumüller et al., 2020). The activity of pollinators is strongly cor-
related with air temperature, plant species richness (Hudewenz et al., 
2012), and humidity (Pellissier et al., 2010). Bees and butterflies 
prefer warmer temperatures than flies (Kühsel & Blüthgen, 2015). 
Furthermore, elevation also determines the abundance and commu-
nity	 structure	of	 insect	pollinators	 (Adedoja	et	al.,	2020).	There	 is	
an interesting distribution pattern among different groups of insect 
pollinators. Hymenoptera is the dominant pollinator in the lowland 
while	Lepidoptera	and	Diptera	dominate	the	high	land	(Warren	et	al.,	
1988). This kind of distribution in a range of habitats is probably for 
fulfilling their ecological requirements and these ecological necessi-
ties are mostly species or guild specific (Proesmans et al., 2019). For 
instance, bees prefer to forage the flowering plants close to their 
nesting	area	(Gathmann	&	Tscharntke,	2002;	Greenleaf	et	al.,	2007).	
They also construct the nest in deadwood (Sydenham et al., 2016) 
and the sun- exposed soil ground (Everaars et al., 2011). However, 
hoverflies and butterflies fly away from the egg- laying areas for 
foraging	and	do	not	construct	 the	nest.	Aphidophagous	hoverflies	
such as Episyrphus, Sphaerophoria depend on agricultural habitat 
(Jauker	et	 al.,	2009;	Pinheiro	et	 al.,	2015),	while	 saproxylic	hover-
flies (Xylota) are benefitted from the forest (Reemer, 2005). Similarly, 
butterflies	can	make	a	flight	over	greater	distances	(Herrera,	1987).	
They make such range of flight in search of different kinds of flowers 
for	pollen	(Gilbert,	1972)	and	nectar	(Tiple	et	al.,	2005).	Additionally,	
oviposition- plant's location signifies habitat selection for smaller and 
less mobile butterflies, such as the ‘blues’ while the larger butterflies 
like Erebia epipsodea and Colias probably have large ranges of the 
search	 for	 their	widespread	ovipositing	plants	 (Sharp	et	 al.,	 1974).	
The above examples show that pollinators share different habi-
tats and hence the habitat types potentially impact the community 

composition, abundance, diversity, and species richness of the 
pollinators.

Many studies have evaluated how environmental factors influ-
ence pollinator composition. However, the effects of many envi-
ronmental factors on pollinator composition can be very different 
among climate/vegetation zones (Neumüller et al., 2020; Senapathi 
et	 al.,	 2017).	 Shivapuri-	Nagarjun	 National	 Park	 (SNNP)	 lies	 in	 the	
southern foot of the Himalayas, a mountainous area with a complex 
landscape. The unique landscape of the park could harbor interest-
ing pollinator fauna and number of environmental factors may dif-
ferently influence their composition. So, it is necessary to test the 
roles of these factors on pollinators in SNNP. The general under-
standing about natural habitat is, if freed from pesticides, it probably 
possesses more diversity than the managed habitat. However, the 
habitat heterogeneity would also affect the pollinator community 
as the interaction between plant– pollinator is specific (Oliver et al., 
2010; Rundlöf et al., 2008; Weibull et al., 2000).

We examined species richness, abundance, and the community 
composition of insect pollinators in different habitats along the el-
evation gradient. We hypothesized that there is an effect of habitat 
types in the diversity, distribution, and composition of pollinating 
insects. Our research questions were as follows: ‘What is the distri-
bution pattern of pollinating insects? Which environmental factors 
significantly influence this distribution pattern, diversity, and com-
munity composition of pollinators?’.

2  |  MATERIAL S AND METHODS

2.1  |  Study area

Shivapuri- Nagarjun National Park (Figure 1) is the only protected 
area in the mid- hill region of Nepal. The Park covers an area of 
159 square kilometers with a buffer area of around 118.61 square 
km.	It	lies	within	27°45′	to	27°52′N	Latitude	and	85°16′	to	85°45′E	
Longitude.	It	has	an	altitude	ranging	from	1,360	m	to	2,732	m	above	
sea level. The Park is rich in freshwater resources with abundant bio-
diversity	and	cultural	heritage	(SNNP,	2017).	The	Park	possesses	a	
subtropical to warm temperate weather with an average maximum 
and	minimum	temperature	of	19.9°C	and	11.15°C,	respectively,	and	
the mean annual precipitation of 236.5 mm (Climatic data from 1985 
to	2017	AD,	Department	of	Hydrology	and	Meteorology/DHM).

The mountainous topography of SNNP with steep slopes of 
>30%	uses	a	pattern	that	constitutes	74.45%	forest,	20.45%	shru-
bland, 3.22% grassland, 1.80% cultivated area, and 0.055% other 
features	 (SNNP,	 2017).	 Different	 forest	 types	 are	 present	 under	
different	altitudes	of	 the	Park:	Lower	Mixed	Hardwood,	Chir	pine	
Forest,	Oak	 Forest,	 and	Upper	Mixed	Hardwood	 Forest	 (Amatya,	
1993). The major tree species are Schima wallichii, Alnus nepalen-
sis, Castanopsis spp., Myrica esculanata, Madhuca indica, Pinus rox-
burghii, Pyrus pashia, Aesculus sp, Acer sp., Salix sp., Lithocarpus sp, 
Ilex dipyrena, etc.
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F I G U R E  1 Map	of	study	area	showing	the	location	of	sampling	sites

Habitat
Elevation 
(meter)

Number of 
transects Description

Forest trail 1,500–	1,700 11 Forest trail is denoted as the forest with 
canopy	coverage	of	more	than	70%	with	a	
walking trail of 15 m width

1,800– 1,900 12

2,000–	2,700 10

Grassland 1,500–	1,700 3 Grassland habitat is herb- dominated in the 
transect with sparsely located trees1,800– 1,900 6

2,000–	2,700 5

Open trail 1,500–	1,700 4 Open trail habitat of the forest means an area 
with no tree coverage within 15 m width 
on either side of the survey transect

1,800– 1,900 5

2,000–	2,700 6

Managed 
habitat

1,500–	1,700 7 The Open trail of managed habitat is the 
transect along the walking trail of the 
managed habitat with no canopy tree 
within 15 m width of the trail that 
incorporates the buffer zone area of 
the National Park. The area is a human 
settlement with cultivated lands. The 
major crops cultivated during spring are 
mustard and coriander while mustard, 
buckwheat, balsam apple, and squash are 
in autumn

1,800– 1,900 2

2,000–	2,700 4

Note: The fourth column of the table describes the characteristics of each habitat.

TA B L E  1 Number	of	sampling	transects	
in four different habitats along the 
elevation gradient of Shivapuri- Nagarjun 
National Park, Nepal
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2.2  |  Sampling sites

We identified five representative study sites across the SNNP, namely, 
Sundarijal	 (27°.77′N	 Latitude	 and	 85°.42′E	 Longitude),	 Shivapuri	
(27°.79′N	 Latitude	 and	 85°.37′E	 Longitude),	 Gurjebhanjyang	
(27°.81′N	 Latitude	 and	 85°.31′E	 Longitude),	 Nagarjun	 (27°.74′N	
Latitude	and	85°.27′E	Longitude),	and	Manichud	(27°.77	N	Latitude	
and	85°.46′E	Longitude).	We	selected	these	five	sites	as	they	rep-
resent the chosen habitat and elevation for survey. We sampled all 
five sites in three different elevations; a lower transect occurred be-
tween	1,500	m	and	1,700	m,	middle	transect	at	1,800	m–	1,900	m,	
and	upper	transect	at	2,000	m–	2,700	m.	These	elevations	included	
four	different	habitats:	Forest	trail	(FT),	Grassland	(GL),	the	trail	of	
the Managed habitat (MH), and the Open trail of the forest (OT). 
In each elevation, five transects, each of 100 m × 5 m with 100 m 
inter-	transect	distance,	were	fixed.	So,	a	total	of	75	transects	were	
surveyed	in	the	study	sites.	The	number	of	transects	in	FT,	GL,	OT,	
and MH were 33, 14, 15, and 13, respectively (Table 1).

2.3  |  Pollinators' sampling

Pollinators here mean flower- visiting and nectar- feeding insects. 
The transect line was fixed in walking trail of Forest, Open forest, 
and Managed habitat, while in the Grassland transects were drawn 
at the edge and the middle of the Grassland with 20- m inter- transect 
distance (Stanley, 2013). The survey was performed in the spring and 
autumn seasons for the consecutive years 2018 and 2019. In each 
season, the pollinators were sampled for 3 consecutive days in sunny 
weather between 9 am and 4 pm (Pollard & Yates, 1994). The pollina-
tors were collected using hand sweeping and color pan traps. White, 
yellow, and blue color pans were used for insect sampling. During 
each sampling day, a transect walk of 30 min was made along the 
100 m of the trail in the Open trail of the forest, Forest trail, and 
trail of the Managed habitat, while in Grassland the transect walk 
was made at the edge and the middle (Stanley et al., 2013). The tran-
sect walk method was used to sample butterflies (Pollard & Yates, 
1994), bumblebees (Fussell & Corbet, 1992), hoverflies, and other 
bees (Proesmans et al., 2019). During the walk, all insect pollinators, 
which fed on flowers within 2 m of the observer, were captured, 
except for those that could be identified to a species level in the 
field (Neumüller et al., 2020). Unidentified insect pollinators were 
collected in separate vials, transferred in the icebox, and brought to 
the laboratory for identification.

Similarly, colored pan traps were deployed in each transect. This 
method aids in the simultaneous sampling of multiple locations, cov-
erage of a large number of sites, and is the efficient method of bee 
sampling (Nielsen et al., 2011; Westphal et al., 2008). The pans were 
plastic bowls of about 15 cm in diameter and painted with non- toxic 
three	different	colors;	white,	yellow,	and	blue	(LeBuhn	et	al.,	2003).	
Each pan was attached to a post using a metal clamp adjusting the 
bowl in the rim. The pan was filled with 400 ml of detergent water. 
Three posts were deployed at a 100- m distance, 20 m apart from 

each other. The traps were visited for collecting the fallen insects 
after	24	h	and	were	transferred	in	labelled	vials	with	70%	ethanol.

2.4  |  Survey of flower resources

The survey of flower resources was carried out in the spring and 
autumn season during the pollinator survey in the same transect. 
We made five quadrats of 10 m × 5 m in each sampling transect. 
For an estimation of abundance flower resources, we scanned in-
sect pollinating herbs and shrubs in each quadrat and identified 
the genus and species. The cover of flower resources in each quad-
rat was ranked between 1 and 6 (Szigeti et al., 2016). Rank: very 
scarcely = 1, scarce = 2, more or less scarce = 3, more or less abun-
dance = 4, abundance = 5, and extremely abundance = 6. The abun-
dance of flower resources for each sampling transect was calculated 
as FLOWER =

∑N

I=1
t. taxoni (t = mean of the rank of flowering plant of each transect) .

2.5  |  Humidity and temperature

The humidity and temperature during each sampling time were 
measured with a digital Thermo- hygrometer (HTC- 2).

2.6  |  Identification of insect pollinators

Unidentified insect pollinators in the field were identified to species 
level	in	the	laboratory	using	relevant	keys.	Bingham	(1897),	Tadauchi	
and	Matsumura	(2007),	Williams	et	al.	 (2010),	Bodlah	et	al.	 (2016),	
Aslam	et	al.	 (2017),	Ngat	et	al.	 (2017),	and	Kumari	et	al.	 (2018)	for	
bee specimens. Brunetti (1923), Thompson and Ghorpade (1992), 
Ghorpadé (1994), Ghorpadé (2019), Claussen and Weipert (2003), 
Sengupta	 et	 al.	 (2017),	 Hassan	 et	 al.	 (2019),	 Hassan	 et	 al.	 (2020),	
Sankararaman et al. (2020) for hoverflies, and Smith (2011) for but-
terflies specimen's identification.

2.7  |  Statistical analysis

For each habitat type, we decided the cumulative species richness 
and species abundance across all samplings and assembled the com-
munity matrix. The species accumulation curves were plotted by 
using the package ‘vegan’, function specaccum to test the adequacy 
of sampling effort. Pollinator's richness and abundance were com-
pared between different habitats, using linear mixed- effect models 
with habitats as predictor variables and pollinators as response vari-
ables. The statistical analysis was performed in Program R (R Core 
Team, 2021). Kruskal– Wallis test was carried out to find significance 
because data were not normal and different in the number of habitat 
types.

PAST:	 Paleontological	 Statistics	 (Hammer	 et	 al.,	 2001)	Version	
3.17	 computed	 the	 diversity	 indices.	 Random	 matrices	 with	 two	
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samples were generated, each with the same row and column totals 
as in the original data matrix, which provided the significance of di-
versity between groups.

Pollinator's community compositions of different habitats (FT, 
GL,	 OT,	 and	MH)	 were	 analyzed	 by	 Non-	metric	Multidimensional	
Scaling (NMDS) of the abundance data employing the function 
‘metaMDS’ which is incorporated in the statistical package ‘vegan’ 
(Oksanen et al., 2013) and NMDS result with sample plots of differ-
ent abundance scores were fitted with different habitats using the 
package ‘ggplot2’ (Wickham et al., 2016).

NMDS	was	followed	by	statistical	analyses:	Adonis	(Permutational	
Multivariate	Analysis	of	variance),	ANOSIM	(Analysis	of	Similarities),	
and	SIMPER	(Similarity	Percentage	Analysis).

Adonis	was	carried	out	following	NMDS	to	analyze	statistically	if	
the pollinator's community differs between the habitats. It provides 
the p-	value	 to	 determine	 the	 statistical	 significance.	 ANOSIM,	 on	
the other hand, was used to determine if the differences of pollina-
tor's community between the habitats are significant. In addition to 
the significant difference tests, SIMPER analysis was used to iden-
tify those species that contributed the most to the observed pollina-
tor's community differences (Clarke & Gorley, 2001).

To find relations between the environmental variables and the 
species composition, ordinations were performed on insect pollina-
tors. For the pollinator's community of 15 most abundance species, 
five from each group; bee, butterfly, and hoverfly (Supplementary 
1),	a	Detrended	Correspondence	Analysis	(DCA)	was	carried	out	to	
decide whether unimodal or linear ordination methods were appro-
priate	 (Lepš	&	Šmilauer,	 2003).	DCA	analysis	 projected	 a	 gradient	
length	 of	 2.5	 indicating	 Redundancy	Analysis	 (RDA)	 ordination	 as	
an appropriate process. Environmental variables were backward se-
lected (p < .05) and a Monte Carlo permutation test with 999 itera-
tions was used to assess the significance of the ordination.

NMDS,	RDA,	and	all	of	the	three	procedures	(Adonis,	ANOSIM,	
and SIMPER) were carried out in Program R (R Core Team, 2021) 
using the package ‘vegan’ (Oksanen et al., 2013). Venn diagrams 
showing the species distribution between the habitats were per-
formed in Program R (R Core Team, 2021) by using the package 
‘VennDiagram’ employing the function draw.quad.venn.

3  |  RESULTS

3.1  |  Insect pollinators in Shivapuri- Nagarjun 
National Park

During	 the	 total	 sampling	 period,	 8720	 insect	 pollinators	 were	
caught,	 belonging	 to	 167	 different	 species	 (see	 Supplementary	 1)	
from	both	pan	traps	(1,339)	and	sweeping	net	(7,381);	the	butterfly	
with the most dominant species (48.50%) followed by a bee (29.94%) 
and hoverfly (21.56%). Representative 12 insect pollinators collected 
from different habitats of SNNP are shown in Figure 2. Sixty flower 
herbs and shrubs were recorded from both sampling seasons in both 
years (Supplementary 2). The abundance of flower resources varied 

between habitats, elevations, and seasons (see Supplementary 3). 
Species accumulation curves for pollinators showed saturation in all 
habitat types indicating adequate sampling effort (Figure 3).

3.2  |  Abundance and species richness of insect 
pollinators in different habitats

Species richness and abundances were higher in Open trail than in 
other habitats (Figure 4). There is a significant difference in spe-
cies richness (Kruskal– Wallis test, χ2 = 104.96, df = 3, p < .001) and 
abundance among habitats (Kruskal– Wallis test, χ2 = 110.16, df = 3, 
p < .001).

3.3  |  Diversity and Distribution pattern of insect 
pollinators

Diversity indices in alpha level (Species richness, Shannon index) 
show that the Open trail was comparatively more diverse, followed 
by the Managed habitat. The distribution of the pollinator species 
was much even in the Open trail followed by Grassland. The species 
richness and Shannon index were significant (t- test, p < .05) in all of 
the habitat types. Similarly, similar evenness was observed in Forest 
trail and Grassland (Table2).

Among	167	species,	the	highest	number	of	species	was	found	in	
the Open trail (158), followed by the Managed habitat (124), Forest 
trail (103), and Grassland (92). Sixty- one species were common in 
all of the habitats while the number of species exclusively found in 
one of the habitats was 12 for OT, 6 for FT, and 3 for MH (Figure 5). 
While comparing two types of habitats, the high number of habitats 
sharing of species was found between Open trail and Managed hab-
itat	(121)	followed	by	Open	trail	and	Forest	trail	(97),	Grassland	and	
Open trail (92), and Grassland and Managed habitat (82).

Whittaker Beta diversity showed the high species turnover be-
tween Forest trail and Managed habitat, whereas accounted for low 
species turnover between Managed habitat and Open trail (Table 3). 
Overall, Shannon Diversity of pollinators in SNNP (Gamma diversity) 
was	4.683	with	167	species	(Supplementary	1).

3.4  |  Community composition of insect pollinators

3.4.1  |  NMDS

The distance matrix of Bray– Curtis dissimilarity was calculated to 
plot Non- metric Multidimensional Scaling (NMDS) to analyze in-
sect pollinator's communities in four studied habitats (Forest trail, 
Grassland,	 Managed	 habitat,	 and	 Open	 trail).	 A	 stress	 value	 of	
0.15 cleared convergence of NMDS ordination. Vector fitting of 
environmental variables showed that elevation, humidity, atmos-
pheric temperature, and presence of flower resources have a signifi-
cant association with pollinating insects (Table 4; Figure 6). Flower 
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(a) Andrena gorkhana Tadauchi
& Matsumura, 2007

(b) Amegilla zonata Linnaeus, 1758 (c) Nomia incerta Gribodo, 1894

(d) Thyreus histrio (Fabricius, 1775) (e) Argyreus hyperbius Linnaeus, 1763 (f) Graphium agamemnon
(Linnaeus, 1758)

(g) Cyrestis thyodamas Boisduval, 1836 (h) Precis almana Linnaeus, 1758 (i) Eristalis himalayensis Brunetti, 1908

(j) Eristalinus aeneus (Scopoli, 1763) (k) Phytomia errans (Fabricius, 1787) (l) Asarkina porcina (Coquillett, 1898)
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possessed significantly high NMDS1 score value of 0.62 (p < .001, 
R2 = .63). Elevation and humidity were significantly negative with 
NMDS1	score	value	−0.51	(p = .009, R2 =	.07)	and	−1.00	(p < .001, 
R2 = .10), respectively (Table 4). The highest compositional abun-
dances of species were found associated with the flower resources 
which was at lower elevation (Positive end of NMDS1). Similarly, 
high species compositional abundance was seen in the Managed 
habitat and Open trail (Positive end of NMDS1) which were again 
at low elevation.

Pollinators composition in four habitats is significantly different 
(Adonis,	 p <	 .001)	 with	 a	 significantly	 strong	 strength	 (ANOSIM,	
R = 0.62, p < .001). SIMPER analysis showed that Xylocopa tenuis-
capa	 (0.70),	Danaus genutia	 (0.70),	 and	Pelopidas agna (0.69) were 
three species for different compositions between Forest trail and 
Managed habitat. Similarly, Ceratina dentipes	(0.70),	Xylocopa tenuis-
capa (0.69), and Graphium sarpedon (0.69) were three species for 
the difference in composition between Forest trail and Open trail. 
Furthermore, Syritta orientalis	(0.70),	Eristalis himalayensis	(0.70),	and	
Lasioglossum albipes (0.69) were three species to contribute to the 
difference in the composition between Forest trail and Grassland. 

In Managed habitat and Open trail, Andrena kathmanduensis	 (0.70),	
Neptis hylas	(0.70),	and	Andrena gorkhana (0.69) were three species 
to alter the pollinator's composition, while Elaphropoda impatiens 
(0.70),	Lethe verma	(0.70),	and	Precis iphita (0.69) in Managed habitat 
and Grassland. In the Open trail and Grassland, Eristalinus taeniops 
(0.70),	Pieris brassica	(0.70),	and	Graphium sarpedon (0.68) were three 
species indifferent in the composition.

3.4.2  |  RDA

The correlation of environmental variables and the top 15 most abun-
dance	pollinator's	community	was	shown	by	RDA	ordination	method	
(Figure	7).	Apis mellifera or A. cerana use an active recruitment sys-
tem	(Proesmans	et	al.,	2019;	Winfree	et	al.,	2007),	which	may	result	
in an overabundance at certain spots that do not reflect the actual 
density of the species and vice versa. Thus, the analyses with Apis 
spp. included and excluded were carried out to estimate the effect 
of Apis spp. on the parameters assessed. The results showed that 
there were no such differences (Table 5). Hence, the Apis spp. were 
also	included	in	the	analysis.	Two	canonical	axes	of	RDA	analysis	ex-
plained the variance by 12.83% in the pollinator– environmental in-
teraction	where	the	first	axis	and	second	axis	accounted	for	10.71%	
and 2.12% of the variance, respectively. Environmental factors: el-
evation and abundance of flower resources were found to be sig-
nificantly associated with top 15 most abundant pollinators (p < .05), 
whereas humidity and atmospheric temperature did not have a sig-
nificant impact on them. Managed habitat type represented the 
higher abundance of flowers associated with the high number of Apis 
cerana and Apis mellifera. On the other hand, Pieris canidia was found 
associated with both Open trail and Grassland and Vanessa cardui in a 
Managed habitat. Bombus eximius, Bombus flavescens, Eristalis tenax, 
and Ypthima baldus were more associated with the Forest trail which 
was	a	relatively	humid	area.	Likewise,	Melanostoma univittatum and 
Episyrphus viridaureus were associated with the Open trail, whereas 
Episyrphus balteatus was close to Grassland and Managed habitat.

4  |  DISCUSSION

4.1  |  Abundance and species richness of pollinators 
in different habitats

Our present findings show that there are differences in the abun-
dance and species richness of pollinators in the habitat types of SNNP. 
Such influence of habitat types in pollinators has also been reported 
in a tropical megacity, Bangkok, Thailand (Stewart et al., 2018). Our 

F I G U R E  2 A	range	of	insect	pollinators	collected	from	four	different	habitats	of	Shivapuri-	Nagarjun	National	Park	(Bees:	a–	d,	Butterflies:	
e– h, and Hoverflies: i– l). (a) Andrena gorkhana	Tadauchi	and	Matsumura,	2007;	(b)	Amegilla zonata	(Linnaeus,	1758);	(c)	Nomia incerta Gribodo, 
1894; (d) Thyreus histrio	(Fabricius,	1775);	(e)	Argyreus hyperbius	Linnaeus,	1763;	(f)	Graphium agamemnon	(Linnaeus,	1758);	(g)	Cyrestis 
thyodamas Boisduval, 1836; (h) Precis almana	Linnaeus,	1758;	(i)	Eristalis himalayensis Brunetti, 1908 (j) Eristalinus aeneus	(Scopoli,	1763);	(k)	
Phytomia errans	(Fabricius,	1787);	(l)	Asarkina porcina (Coquillett, 1898)

F I G U R E  3 Species	accumulation	curve	for	pollinator's	
community in four different habitats of Shivapuri- Nagarjun 
National Park. Each line represents a different habitat. Habitat: FT-  
Forest	trail	with	canopy,	GL-		Grassland,	MH-		Managed	habitat,	and	
OT-  Open trail of the forest without canopy
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results indicate that the Open trail of the forest possesses the high-
est abundance and species richness of pollinating insects. The result 
reflects a direct relation of insects with the presence of flower re-
sources. The Open trails of forest harbor a comparatively thick layer 
of herbs and shrubs with varieties of wildflowers that suffice pol-
linators with nectar and pollen sources. The availability of food for 
insect visitors is measured by flower resources (Baldock et al., 2015; 
Sjödin et al., 2008) which is one of the consistent and important vari-
ables	(Ahrne	et	al.,	2009;	Hülsmann	et	al.,	2015;	Stewart	et	al.,	2018)	
observed globally. The quality and quantity of nectar and pollen play 
a major role in the presence of pollinators (Hicks et al., 2016). Trails 
of open forest were densely proliferated and covered by Ageratina 
adenophora along with other wild herbs providing a good resource 

platform especially for hoverflies and bees. Furthermore, weeds 
like Ranunculus repens and Trifolium repens were comparatively more 
abundant in the Open trail. These flowers were preferred by both 
bees and butterflies (Chaguthi & Dyola, 2018; Hicks et al., 2016). 
These plants provide nectar and pollen for the insects (Erbar & 

F I G U R E  4 Species	richness	(a)	and	species	abundance	(b)	of	insect	pollinators	in	four	different	habitats	of	Shivapuri-	Nagarjun	National	
Park. Horizontal line across each box represents median, whiskers show the data range, and circles indicate outliers. Habitat: FT-  Forest trail 
with	canopy,	GL-		Grassland,	MH-		Managed	habitat,	and	OT-		Open	trail	of	the	forest	without	canopy

TA B L E  2 S:	Species	richness,	H:	Shannon–	Weiner,	J:	Pielou's	
evenness, D: Dominance

S H J D

Habitat MH 124a 4.30a 0.59a 0.024a

FT 103b 4.19b 0.64b 0.020b

GL 92c 4.09c 0.65b 0.022a

OT 158d 4.85d 0.81c 0.010c

Note: On a given column, values followed by the different superscripted 
letter (a, b, c, d) are significantly different at p < .05 by the t- test 
comparing	diversity	in	PAST	software.

F I G U R E  5 The	Venn	diagram	showing	the	sharing	of	insect	
pollinators between four different habitats of Shivapuri- Nagarjun 
National	Park.	Habitat:	FT-		Forest	trail	with	canopy,	GL-		Grassland,	
MH-  Managed habitat, and OT-  Open trail of the forest without 
canopy.	Color-	coding:	FT	(Pink),	GL	(green),	MH	(Skin),	OT	(Blue)

TA B L E  3 Whittaker	Beta	Diversity	among	four	different	habitats	
of Shivapuri- Nagarjun National Park, Nepal

FT GL MH OT

FT 0 0.30 0.34 0.26

GL 0.30 0 0.24 0.26

MH 0.34 0.24 0 0.14

OT 0.26 0.26 0.14 0

Note: Habitat:	FT–	Forest	trail	with	Canopy,	GL–	Grassland,	MH–	
Managed habitat, and OT– the open trail of the forest without canopy.

TA B L E  4 NMDS	scores	on	the	axes	of	NMDS1	and	NMDS2,	
significance values and coefficients of determination for the 
assessed environmental variables

NMDS1 NMDS2 R2 Pr(>r)

Elevation – 0.51 0.86 .07 .009**

Humidity – 1.00 – 0.09 .10 .001***

Atmospheric	
Temperature

0.97 – 0.25 .05 .036*

Flower 0.62 –	0.79 .63 .001***

Note: Significant codes: 0’*** ‘ 0.001 ‘** ‘ 0.01 ‘* ‘ 0.05 ‘.’ 0.1 ‘ ‘ 1.
Permutation: free.
Number of permutations: 999.
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Leins,	2013;	Masters	&	Emery,	2015).	Adult	hoverflies	require	high	
energy for hovering flight that could be obtained from the local 
landscape with abundant flowers (Haslett, 1989; Meyer et al., 2009; 
Proesmans et al., 2019). In contrast, the presence of low flower re-
sources also accounts for the decline in pollinator abundance and 
species richness in Forest trail with canopy. Canopy cover increases 
shade in the understory herb and shrub of the forest lowering flower 
blooms and limiting pollinator's movement (Proesmans et al., 2019). 
Sampled areas of the Managed habitat in SNNP were open, inhab-
ited, and disturbed by some human activities. Some previous study 

also shows that the diversity of butterfly is negatively influenced by 
this factor of human disturbances (Kambach et al., 2013).

4.2  |  Diversity and distribution pattern of insect 
pollinators

Furthermore, our result depicts that Open trail is more diverse fol-
lowed by Managed habitat. There is low species turnover between 
these two habitats. This could again be explained by the influence 

F I G U R E  6 NMDS	showing	the	
influence of environmental variables on 
the community composition of insect 
pollinators in four different habitats 
of Shivapuri- Nagarjun National Park. 
Habitat:	FT-		Forest	trail	with	canopy,	GL-		
Grassland, MH-  Managed habitat, and OT-  
Open trail of the forest without canopy

F I G U R E  7 Redundancy	Analysis	
(RDA)	-		biplot	showing	the	correlation	
between insect pollinator species and 
the environmental variables. Only top 
15 most abundance (five from each group; 
bee, butterfly, and hoverfly) of the total 
species are shown on the plot. Habitat: 
FT-	Forest	trail	with	canopy,	GL-		Grassland,	
MH- Managed habitat, and OT- Open trail 
of the forest without canopy
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of the local environment between habitats. These two habitat types 
are open along with the presence of thicker beds of flower resources. 
Most of the pollinators show a strong preference for the structurally 
different land- use type that add variety in resources they required 
(Bates	et	al.,	2011;	Matteson	&	Langellotto,	2010).	However,	flower	
resources are comparatively less in the Forest trail and Grassland, 
which could be the probable reason for less diverse pollinators and 
similar evenness of pollinators between these two habitats.

The distribution pattern of pollinators is varied among different 
species	in	the	present	study.	Among	all	pollinators,	61	species	were	
common in all the studied habitats. This result reflects the different 
needs of pollinators for different activities. There is a heterogeneous 
habitat choice of wild bees and a wider temporal range of activi-
ties of flies (Willcox et al., 2019). Many bee groups require differ-
ent habitats for nesting and foraging (Franzén et al., 2009) and also 
different spatial foraging distances made by bees like Bombus spp. 
and Xylocopa	spp.	(Greenleaf	et	al.,	2007).	This	could	be	a	probable	
reason	for	the	presence	of	some	bees	group	in	all	habitats.	Likewise,	
hoverflies feed on varieties of food resources in different stages 
of their life. For instance, the larva of some hoverfly develops in a 
close canopy while adults of the same fly hover in open flower- rich 
biotopes (Gittings et al., 2006). Furthermore, the abundance of hov-
erflies increases with proximity to the forest (Moquet et al., 2018) 
and some flies are confined to only one kind of habitat like Volucella 
trifasciata and Baccha maculata which were recorded from forest 
habitats only. The latter species usually prefer the shady area of for-
est (Coe, 1964; Hassan et al., 2019). Butterflies too, show a different 
kind	of	habitats	preference	in	their	life	cycles	(Janz,	2005).	Females	
dwell in grassland for oviposition while forage in flower- rich habitats 
(Evans et al., 2020).

4.3  |  The community composition of insect 
pollinators

4.3.1  |  NMDS

There is an influence of environmental variables in the community 
composition of pollinators. In our findings, the measured environ-
mental variables (elevation, humidity, air temperature, and flower 

resources) are found to have a significant association with the pol-
linator's community. Species abundance of pollinators was concen-
trated in the Managed habitat and Open trail which were open to the 
high	 amount	of	 solar	 exposure.	Activities	of	 the	 insect	 pollinators	
are highly influenced by such sun exposures (McKinney & Goodell, 
2010; Sydenham et al., 2016). Similarly, flower resources were the 
next positive influencing factor for insect pollinators. The mixture of 
wildflowers	could	be	a	good	attraction	for	all	of	these	pollinators.	A	
similar kind of relation of a different group was reported in the previ-
ous study (Carreck & Williams, 2002).

The complex environmental gradient of high altitude affects the 
abundance	of	different	taxa	of	pollinators	(Warren	et	al.,	1988).	As	
expected, with the elevation, the abundance of pollinators declined. 
The reason could be either decreasing of bee and fly attracted flow-
ers	or	their	 limited	number	 in	higher	altitude	 (Arnold	et	al.,	2009).	
The plant communities at the high altitude limit the vascular plant 
and thus, availability of insect pollinators (Mani, 1962). The atmo-
spheric temperature and abundance of flower resources have a 
negative correlation with elevation. Temperature and humidity (two 
oppositely related variables) are important factors for defining the 
plant composition at higher altitudes (Subedi et al., 2020) and hence 
alter pollinator's abundance. Only a few species of hoverflies that 
do not have specific food choices (Kearns, 1992) and big size bees, 
for instance, Bombus spp. that can thermoregulate and forage at low 
temperature, were only found in the highest altitude of our study 
area.

4.3.2  |  RDA

The species of pollinators are differently associated with measured 
environmental variables in this study. Apis cerana and A. mellifera 
were mainly determined by the abundance of flower resources of 
the Managed habitat, while Bombus eximius and B. flavescens were 
associated with humid forest. The explanation for the Apis spp. could 
be their preference on floral resources near the nesting area like 
small size bees (Gathmann & Tscharntke, 2002; Vulliamy et al., 2006) 
so that they could gather maximum nectar to support the large bee 
colony	(Potts	et	al.,	2003).	Large	body-	sized	bees	like	Bombus spp. 
could travel away from the nesting area for foraging (Greenleaf et al., 

TA B L E  5 RDA	presents	correlation	of	environmental	variables	with	the	top	15	most	abundance	insect	pollinators	with	analysis	including	
Apis spp. (In.) and excluding Apis spp. (Ex.)

df

Variance F Pr(>F)

In. Ex. In. Ex. In. Ex.

Elevation 1 0.006 0.004 3.248 2.052 0.002** 0.025*

Humidity 1 0.003 0.004 1.588 1.700 0.099 0.070.

Atmospheric	
Temperature

1 0.003 0.003 1.238 1.533 0.250 0.107

Flower 1 0.021 0.011 10.651 5.568 0.001*** 0.001***

residue 145 0.288 0.297

Note: Significant codes: 0’*** ‘ 0.001 ‘** ‘ 0.01 ‘* ‘ 0.05 ‘.’ 0.1 ‘ ‘ 1’.
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2007)	 and	humid	 areas	 to	 avoid	hotter	day	 temperature	 (Willmer,	
1983). Aglais caschmirensis is the most abundant and frequently seen 
butterfly	in	all	kinds	of	habitats	(Irungbam	et	al.,	2017).	This	could	be	
the reason for its presence in the forest as well as Managed habitat 
in our study area. Similarly, the association of Episyrphus balteatus 
in the Managed habitat indicates the preference for flowers of veg-
etables such as coriander, buckwheat (Pinheiro et al., 2015) as their 
host plant.

5  |  CONCLUSIONS

We studied the diversity, distribution, and community structure 
of insect pollinators in different habitats of SNNP, Nepal. Overall, 
habitats, humidity, atmospheric temperature, abundance of flower 
resources, and elevation played a significant role in the diversity, dis-
tribution, and community structure of pollinating insects. Insect pol-
linators were strongly associated with flower resources which were 
highly recorded in an Open trail. Shannon Index and evenness were 
high in an Open trail and similar evenness was found in the Forest 
trail and Grassland. Conservation of plant diversity in the walking 
trails of SNNP is important to conserve the community structure of 
insect pollinators.
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