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Abstract
The conservation of pollinating insects in agriculture is a global concern since the diversity of such organisms may affect 
the productivity of pollination-dependent crops. In this study, we assessed (i) how distances from natural vegetation affect 
the diversity (guilds, richness, abundance) of flower-visiting insects within mustard crops in Nepal, (ii) how insect richness 
and abundance are related to mustard yields (weight of seeds) and (iii) the contribution of flower-visiting insects to mustard 
pollination by conducting pollinator exclusion experiments. To analyse these data, we carried out (i) hierarchical clustering 
followed by a Procrustes analysis as well as a generalized linear mixed model and (ii), (iii) linear mixed models. We found 
that the guild composition was not similar near and far from natural vegetation, indicating a tendency for Apis bees to dis-
place in opposite directions relative to non-Apis bees. Nevertheless, while both richness and abundance were higher nearer 
natural vegetation, the former showed a stronger and more positive effect on mustard yields than the latter. Furthermore, we 
found that mustard flowers have a significant requirement for insect pollination since productivity increased by ~70% with 
insect visitation. Overall, our data suggest that the diversity of flower-visiting insects enlarges nearer to natural vegetation. 
However, the results indicate that species richness may be more relevant than abundance to mustard production. As such, 
we suggest that the maintenance of natural vegetation could be considered a strategy for ensuring the presence of multiple 
pollinator species within mustard fields to promote its long-term sustainability in Nepal.
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Introduction

The global decline in pollinating organisms such as bees and 
other insects is of serious concern (Biesmeijer et al. 2006; 
Bartomeus et al. 2013; Koh et al. 2016), as 88% of wild 
angiosperm species rely on pollinators for sexual reproduc-
tion (Ollerton et al. 2011). The decline in pollinators may 
also negatively impact agriculture, as the productivity of 
75% of crops worldwide benefits from this ecological ser-
vice (Klein et al. 2007). As a result, the decline in pollinators 
may compromise both food security and the economy. The 
decrease in wild pollinator populations seems to be mainly 
attributable to anthropogenic disturbances or activities such 
as (a) climate change; (b) spread of pests and pathogens; (c) 
invasion by non-native species; (d) threats from agricultural 
development and intensification and particularly (e) land-use 
alteration leading to habitat loss, fragmentation and degrada-
tion (Steffan-Dewenter and Westphal 2008; Brown and Pax-
ton 2009; González-Varo et al. 2013; Ollerton et al. 2014).

Some pollinator-dependent crops may benefit from their 
spatial proximity to natural areas (hereafter, natural vegeta-
tion) because they may provide a higher number of wild pol-
linators among other benefits (Garibaldi et al. 2011; Halinski 
et al. 2018; but see de Palma et al. 2016). However, if crop 
fields possess extensive cultivated areas, then the diversity of 
pollinators may gradually decrease with increasing distance 

from natural areas (Steffan-Dewenter et al. 2002; Ricketts 
et al. 2008; Garibaldi et al. 2011; Cariveau et al. 2013; Hal-
inski et al. 2018). This asymmetry in pollinator distribution 
within crop fields results in lower pollination in some parcels 
and, in turn, a pollination deficit (Morandin and Winston 
2005; Bailey et al. 2014; Bartomeus et al. 2014; Hipólito 
et al. 2018; Halinski et al. 2018). Therefore, a robust method 
to infer the importance of natural areas in enhancing agri-
cultural productivity is to assess, for example, the pollinator 
diversity from the edge of natural vegetation to different 
distances within crop fields to evaluate whether the spatial 
distribution of beneficial insects is related to crop yields 
(Morandin and Winston 2005; Bailey et al. 2014; Bartomeus 
et al. 2014; Hipólito et al. 2018; Halinski et al. 2018).

In Nepal, Southeast Asia, oilseed mustard (Brassica 
campestris L. var. Toria: Brassicaceae) is a dominant win-
ter crop (Basnet 2005). Currently, it occupies approximately 
85% of the total oilseed rape cultivation area, and more than 
80% of people in Nepal use mustard oil for cooking (Bas-
net 2005). The production of mustard in Nepal continues 
to increase each decade (Online Resource 1), and thus, it 
is necessary to consider the long-term sustainability of this 
crop, which requires a wide range of flower-visiting insects 
to enhance its pollination rate. The contribution of insects 
to pollinating Brassica spp. crops may reach 50% (Bom-
marco et al. 2012; Stanley et al. 2013; Garratt et al. 2014; 
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Lindström et al. 2016; Zou et al. 2017). Therefore, even 
though Brassica spp. crops may be self-pollinated or wind 
pollinated, insects seem to play an important role in boosting 
crop yields (Morandin and Winston 2005; Bommarco et al. 
2012; Bartomeus et al. 2014).

The yellow flowers of Brassica spp. produce nectar 
and pollen and are highly attractive to most flower-visit-
ing insects (Kunin 1993; Partap 1999). Several studies in 
Asian regions have found that the main pollinating insects 
of Brassica spp. are social bees such as Apis mellifera, Apis 
cerana, Apis dorsata and Apis florea and, to a lesser extent, 
solitary bee species such as Andrena spp., Halictus spp. and 
Megachile spp. (Mishra et al. 1988; Pudasaini et al. 2015; 
Bajiya and Abrol 2017; Stanley et al. 2017). The Apis bees 
may have some attributes not found in most non-Apis bees 
that seem to favour their greater presence in such crop sys-
tems. For example, (a) their nests are commonly populous 
and may shelter thousands of workers; (b) they may for-
age over wide distances even some kilometers; and (c) they 
have an efficient communication system able to recruit a 
large amount of foragers to mass-flowering plants (Dornhaus 
2002; revised by Abou-Shaara 2014). Furthermore, honey-
bees such as A. mellifera can be managed into beehives, 
which may contribute to increasing their number on flowers 
(Mishra et al. 1988; Pudasaini et al. 2015; Bajiya and Abrol 
2017; Stanley et al. 2017). Other insects, such as butterflies, 
flies and wasps also forage on Brassica flowers, but their 
contribution to boosting yields is negligible (Mishra et al. 
1988; Pudasaini et al. 2015; Bajiya and Abrol 2017; Stan-
ley et al. 2017). The diversity of these insects within such 
crops may be raised if attributes such as restricted use of 
pesticides, wide availability of food and nesting resources 
and large-scale landscape (3 km) heterogeneity are present 
in these areas (Samnegård et al. 2016; Landaverde-González 
et al. 2017; Theodorou et al. 2017; Stiles et al. 2019).

Since the proximity to natural vegetation and its putative 
higher diversity of insects beneficial to crop fields is ques-
tionable (e.g. Garibaldi et al. 2011; de Palma et al. 2016; 
Halinski et al. 2018), more studies are needed to disentangle 
this issue. Thus, using mustard fields in Nepal as a model, in 
the current study we evaluated: (i) whether two different dis-
tances from the edge of natural vegetation affect the diversity 
(guild composition, richness, abundance) of flower-visiting 
insects within mustard crops; (ii) how insect richness and 
abundance are related to mustard yields (weight of seeds); 
and (iii) the contribution of flower-visiting insects to mus-
tard pollination by conducting pollinator exclusion experi-
ments. We hypothesized that proximity to natural vegetation 
may alter the composition of guilds and positively influence 
the richness and abundance of flower-visiting insects within 
mustard crops. Furthermore, we predicted that the weight of 
mustard seeds would increase with the richness and abun-
dance of flower-visiting insects and, finally, that the presence 

of flower visitors will increase mustard yields demonstrating 
their efficiency as pollinators.

Materials and methods

Study area

We carried out flower-visiting insect sampling and measured 
the effect of pollination on oilseed rape mustard crops in 
the Chitwan (27°35′N 84°30′E) and Nawalparasi (27°32′N 
83°40′E) districts of Nepal. The selected study sites are 
well known for their production of oilseed mustard crops. 
They lie in the tropical zone and are characterized by similar 
topographies, vegetation, and agricultural landscapes and 
practices.

We selected eight mustard fields in the two districts men-
tioned above with a completely randomized design using two 
distances from the natural vegetation (i) four near the forest 
(100 metres) and (ii) four far from the forest (3 km), both 
within mustard crops (Fig. 1). Since most wild bees have a 
maximum foraging range under three kilometres (Greenleaf 
et al. 2007), this latter distance was chosen to avoid as much 
spatial pseudoreplication among sample units as possible. 
Within each of the eight mustard fields, we established a 
50 m × 25 m study area with homogeneous and continuous 
crop cover according to the protocol for assessing pollination 
deficits within crop fields (Vaissière et al. 2011).

Insect sampling

In each of the eight mustard fields, we assessed the species 
richness and abundance of flower-visiting insects. For insect 
sampling, we used transect walks with sweep nets (Fig. 1) 
through six 25 m transect lines for 5 min per line for a total 
of 30 minutes (Vaissière et al. 2011). Then, we recorded 
the number of visiting insects in an individual floral unit, 
defined here as five hundred flowers as suggested in a spe-
cific protocol (Vaissière et al. 2011). Thus, to establish such 
floral units within mustard crops, they were assessed using 
a scan sampling technique, which is the most reliable way 
to assess pollinator density on flowers (Levin et al. 1968); 
the units were assessed in sequence on each transect line 
by walking slowly along it (Vaissière et al. 2011). We per-
formed transect walks between 0900 and 1600 h on days 
with temperatures at or above 15 °C, with no precipitation, 
dry vegetation, and low wind speed (< 40 km/h) (Westphal 
et al. 2008). Insect specimens were pinned, labelled, and 
subsequently identified to the genus and species levels in 
the entomology laboratory at Agriculture and Forestry Uni-
versity, Nepal.

Therefore, our sampling effort comprised insect sampling 
in eight mustard fields (four near the forest = 100 metres; four 
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far from the forest = 3 km) from two districts where we per-
formed two repetitions totalling 32 sampling units during the 
main flowering period of the target crop.

Pollinator exclusion experiments and crop yield 
analysis

In each of the eight mustard fields, we demarcated an experi-
mental area with four divisions. Each division had two treat-
ments, and five tagged contiguous plants were monitored per 
treatment. The first treatment (open cages) was open pollina-
tion, in which all flowers of the mustard plants were accessible 
to autonomous self-pollination, wind pollination and insect 
pollination. In the second treatment (closed cages), a plot (1 
× 1 m) with mustard plants was covered with a nylon mos-
quito net before the onset of flowering. In the closed cage, all 
flowers were exposed to wind pollination and self-pollination, 
such that the difference between the first and second treat-
ments represented the real contribution of insect pollination. 
After blooming was finished, we removed the cages and left 
the fruits to ripen.

After harvesting and threshing, we recorded the agronomic 
units (= total seed weight [g] per plant) within both open and 
closed cages to attain a more precise level of pollination in 
both experiments. The crop yields as a function of pollination 
level were compared by using the following formula (Vaissière 
et al. 2011, p. 11):

Y = F(X) + A

where Y is the total crop yield measured in agronomic 
units, F(X) is the yield resulting from the level of pollina-
tion in the pollinator exclusion treatment, and A is the yield 
resulting from the open experiment, with both X and A 
measured in the same unit as Y (Vaissière et al. 2011, p. 11).

Data analysis

Insect diversity: Guild composition, richness 
and abundance

The sampled insect community was grouped into four 
groups: bees, butterflies, flies and wasps. However, since 
honey bees most often dominate Brassica crops (as pre-
viously indicated), we subdivided bees into (a) Apis bees 
belonging to this genus and (b) non-Apis bees (all other bee 
taxa), as we shall reference later. Then, we performed two 
hierarchical clustering analyses to evaluate the similarity in 
the structure of insect guild composition between the nearer 
distances (100 m) and those farther (3 km) from natural veg-
etation. Both matrices were scaled and centred to zero mean 
and unit variance using the function decostand (method = 
standardize) of the ‘vegan’ package (Oksanen et al. 2018). 
After that, they were transformed into Euclidean distance 
matrices using the unweighted pair group method with arith-
metic mean (UPGMA) as a method of hierarchical cluster-
ing. The results were plotted as clustered heatmaps using 
the ‘pheatmap’ package (Kolde 2019). The goodness-of-fit 
of the resulting dendrograms was evaluated with cophenetic 

Fig. 1  Study areas (Nawalparasi and Chitwan) showing sampling 
sites in oilseed rape mustard (Brassica campestris var. Toria) fields in 
Nepal. Inner plot depicts from left to right: upper (i) blossoming mus-
tard field, (ii) the harvesting of flower-visiting insects using a sweep 

net and (iii) a closed cage being installed for the pollinator exclusion 
experiment; lower (iv) an Apis mellifera worker, (v) an Apis dorsata 
worker and (vi) a hoverfly. Map source: Google Earth (https ://earth 
.googl e.com/web/)

https://earth.google.com/web/
https://earth.google.com/web/
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a correlation index using the functions cophenetic and cor 
in R.

The congruence between both matrices was assessed with 
a Procrustean superimposition approach (Gower 1971). This 
analysis is a least-squares orthogonal mapping useful to 
compare two multivariate sets of data in which the ordina-
tion is scaled and rotated to find an optimal superimposition 
that maximizes its fit (Gower 1971; Peres-Neto and Jackson 
2001). As a result, the sum of the squared residuals between 
configurations in their optimal superimposition is used as a 
degree of concordance, i.e.,  M2 (Gower 1971). This metric 
of association varies from 0 to 1, where lower values of  M2 
indicate greater concordance among configurations (Peres-
Neto and Jackson 2001). Consequently, if both matrices are 
similar to each other the points in the rotated configuration 
should be as close as possible in the same subspace (i.e., 
small length of residuals). Since Procrustes analysis exhibits 
the corresponding displacement between target and rotated 
matrices, we considered the direction of residuals to infer the 
trajectories of guilds if near or far from natural vegetation. 
The congruence between both matrices was tested with a 
permutation test (protest). We used the functions procrustes 
and protest (1999 permutations), both in the ‘vegan’ package 
(Oksanen et al. 2018) for these analyses.

To evaluate how the distance to the edge of natural veg-
etation (near = 100 m; far = 3 km) affects the diversity (rich-
ness, abundance) of flower-visiting insects within mustard 
crops in Nepal, we fit two generalized linear mixed models 
(GLMMs) with the Poisson distribution family (link = log). 
Since we repeated the insect sampling at both study sites, 
i.e., the selected districts (Chitwan and Nawalparasi), the 
structure of our data included repeated measures. Therefore, 
the variable “districts” was included as a random effect in 
both GLMMs. The models above were fit using the function 
glmer in the package ‘lme4’ (Bates et al. 2015).

On the other hand, to assess how the richness and abun-
dance of flower-visiting insects and the interaction between 
them affect mustard yields (total weight of seeds), we fit-
ted a linear mixed model (LMM). Since districts (Chitwan 
and Nawalparasi) and distances (near = 100 m; far = 3 km) 
might have their own environmental particularities that 
could improve model fit, but assuming that its underlying 
variables were not harvested here, they were included as 
crossed random effects. This model was also fit using the 
function lmer in the package ‘lme4’ (Bates et al. 2015).

Finally, we analysed the importance of flower-visiting 
insects to mustard pollination (pollinator exclusion experi-
ments) by comparing yields (total weight of seeds) in open 
cages with those in closed cages using LMM. Again, both 
districts and distances were included as crossed random 
effects in the model. This analysis was performed using the 
function lmer in the package ‘lme4’ (Bates et al. 2015). The 
LMM was chosen after evaluating assumptions of normality 

of residuals using the function shapiro.test and homogeneity 
of variances using the function leveneTest in the package 
‘car’ (Fox and Weisberg 2011). Since the residuals of the 
LMM presented normality (W = 0.97, p value = 0.18) and 
equal variances  (F(1,62) = 0.30, p value = 0.57), this model 
was kept. The goodness-of-fit of all GLMM and LMM were 
analysed with a coefficient of determination  (R2) that was 
computed by applying a standardized generalized variance 
approach using the function r2beta of the ‘r2glmm’ package 
(Jaeger 2017). All analyses were carried out in the statistical 
programming language R (Ihaka and Gentleman 1996; R 
Core Team 2016).

Results

Flower‑visiting insect composition, richness 
and abundance

In total, we sampled 1986 flower-visiting insects (n = 1,046 
at 100 m; n = 940 at 3 km) from 24 taxa within mustard 
crops belonging to four taxonomic groups: bees (n = 9 spp.), 
butterflies (n = 4 spp.), flies (n = 4 spp.) and wasps (n = 7 
spp.) (Fig. 1d–f for examples, Table 1).

The structuring pattern of the flower-visiting insect 
community between near (100 m) versus far (3 km) dis-
tances from natural vegetation clustered bees (Apis and 
non-Apis) closer to each other, whereas butterflies, flies and 
wasps formed another group (Fig. 2a). Both coefficients of 
cophenetic correlation were equal, i.e., 0.98, indicating that 
dendrograms exhibited substantial two-dimensional rep-
resentation of the calculated distances. However, the Pro-
crustes analysis did not demonstrate congruence between 
both community matrices, suggesting a mismatch in the 
pattern observed for guilds at 100 m compared to those 3 
km away from natural vegetation  (M2 = 0.02, correlation = 
0.98, p > 0.05, Fig. 2b). While the low  M2 would indicate a 
similarity between two configurations and high correlation, 
the non-significance of this analysis suggests that some dis-
placements of guilds were larger than expected by chance 
(Fig. 2b). Therefore, there seems to have been considerable 
and opposite displacements exhibited by guilds of Apis bees 
vs non-Apis bees (Fig. 2b). On the other hand, butterflies, 
flies and wasps presented nearly no movement.

Our findings demonstrate that the richness and abundance 
of insects were significantly higher close to the edge of natu-
ral vegetation than farther from natural vegetation (Fig. 3a 
and b). We found that close to natural areas, the richness (n 
= 14) of flower-visiting insects was significantly higher than 
that farther from such areas (n = 11 species), as predicted by 
our model (GLMM Poisson; estimate = 0.21, z value = 2.21, 
p value = 0.02,  R2 = 0.28, Fig. 3a). Similarly, the abundance 
of flower-visiting insects within mustard crops was higher 
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nearer to natural areas (n = 281 individuals; median) than 
farther from such areas (n = 209 individuals), as predicted 
by our model (GLMM Poisson; estimate = 0.11, z value = 
5.17, p value < 0.001,  R2 = 0.38, Fig. 3b).

Effect of flower‑visiting insects on mustard yields

Overall, our model had a moderate power of explanation 
 (R2 = 0.46). However, each variable (richness, abundance) 
individually showed a different slope and effect. Thus, rich-
ness had a positive effect (LMM; χ2 = 24.6, p value < 0.001, 

 R2 = 0.25), while abundance had a negative but negligible 
effect on mustard crop yields (LMM; χ2 = 4.88, p value = 
0.02,  R2 = 0.01), as shown in Fig. 3c and d. By contrast, we 
did not find a significant effect of the interaction between 
richness and abundance of flower-visiting insects on mustard 
yields (LMM; χ2 = 0.20, p value = 0.65).

Our data also indicated that mustard plants in the field 
condition, i.e., not caged (free access to flower-visiting 
insects), had higher yields (weight of seeds) than netted 
plants (closed cages) with restricted insect visitation (LMM, 
estimate = 23.2,  R2 = 0.42, t value = 6.95, p value < 0.001, 

Table 1  Insect species identified visiting flowers of oilseed rape mustard (Brassica campestris var. Toria: Brassicaceae) in Nepal, South Asia.

§ Distances from natural vegetation and number of sampled individuals per taxa

Species Order, family Guilds Amount at: Proportion 
of drop or 
rise100 m 3 km

Bees
 1. Apis cerana Hymenoptera, Apidae Apis bees 87 107 ↑ 9%
 2. Apis dorsata Hymenoptera, Apidae Apis bees 56 28
 3. Apis florea Hymenoptera, Apidae Apis bees 145 134
 4. Apis mellifera Hymenoptera, Apidae Apis bees 127 186

Subtotal: 415 455
 5. Bombus spp. Hymenoptera, Apidae Non-Apis bees 11 0 ↓ 19%
 6. Andrena spp. Hymenoptera, Andrenidae Non-Apis bees 137 176
 7. Halictus spp. Hymenoptera, Halictidae Non-Apis bees 147 82
 8. Megachile spp. Hymenoptera, Megachilidae Non-Apis bees 139 95
 9. Xylocopa spp. Hymenoptera, Apidae Non-Apis bees 18 16

Subtotal: 452 369
Butterflies
 10. Danaus chrysippus Lepidoptera, Nymphalidae Butterflies 7 6 ↓ 41%
 11. Eurema brigitta Lepidoptera, Pieridae Butterflies 13 10
 12. Pieris brassicae nepalensis Lepidoptera, Pieridae Butterflies 14 0
 13. Junonia almana Lepidoptera, Nymphalidae Butterflies 3 3

Subtotal: 37 19
Flies
 14. Chrysomya megacephala Diptera, Calliphoridae Flies 7 4 ↓ 34%
 15. Hoverflies Diptera, Syrphidae Flies 29 15
 16. Musca domestica Diptera, Muscidae Flies 33 27
 17. Stomorhina discolor Diptera, Rhiniidae Flies 9 6

Subtotal: 78 52
Wasps
 18. Athalia lugens Hymenoptera, Tenthredinidae Wasps 6 0 ↓ 30%
 19. Cerceris arenaria Hymenoptera, Crabronidae Wasps 12 5
 20. Eumenes maxillosus Hymenoptera, Vespidae Wasps 7 0
 21 Evania appendigaster Hymenoptera, Evaniidae Wasps 3 2
 22. Oxybelus uniglumis Hymenoptera, Crabronidae Wasps 22 19
 23. Polistes spp. Hymenoptera, Vespidae Wasps 8 12
 24. Vespa spp. Hymenoptera, Vespidae Wasps 6 7

Subtotal: 64 45
Total: 1046 940
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Fig. 2  a Clustered heatmaps based on the number of guilds of insects 
sampled within mustard fields at 100 m (near) and 3 km (far) from 
natural vegetation. The hierarchical cluster analysis was performed 
with the UPGMA method and Euclidean distance measure. b Pro-
crustean superimposition analysis exhibiting the lack of concordance 
 (M2 = 0.02, correlation = 0.98, p > 0.05) between both matrices 

(near = target; far = rotated). Notes: in B, points indicate the position 
of the guilds of insects in the first clustering (“100 m”), while arrow-
heads point out the corresponding displacement towards the “3 km” 
rotated matrix. The lengths of residuals (i.e., straight lines) indicate 
how closely matched both configurations are after optimal fit

Fig. 3  Richness (a) and abundance (b) of insects within mustard 
crops at different distances from natural vegetation. Effect of flower-
visiting insect richness (c) and abundance (d) on mustard crop yields. 
Note: box = 1st and 3rd quartiles, whiskers = the minimum and maxi-
mum range of variation, median [white line] = 2nd quartile, notches= 

the confidence interval around the median. p values: *< 0.05, ***< 
0.001. White numbers in boxes indicate the median value. Dots are 
observed values, and solid lines show the model-predicted fits with 
95% confidence intervals (shaded areas, dashed lines)
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Fig. 4). Thus, the real contribution to mustard pollination 
ascribed to flower-visiting insects is 69.4% (56.6 g; median) 
for mustard flowers exposed to local entomofauna compared 
with flowers that do not receive such visits (33.4 g; median, 
Fig. 4).

Discussion

Insect diversity within mustard crops

We found that the proximity of natural vegetation surround-
ing mustard fields had a positive effect on flower-visiting 
insect diversity (richness, abundance) compared with those 
at farther distances. Our results suggest that there may be 
a decline in pollinating insect diversity within crop fields 
with increasing distance from the edge of natural vegetation 
as observed in other studies (Morandin and Winston 2005; 
Garibaldi et al. 2011; Bailey et al. 2014; Bartomeus et al. 
2014; Halinski et al. 2018; Hipólito et al. 2018). However, 
this reduction in the diversity of beneficial insects far from 
natural vegetation may not be found anywhere since each 
place has its own local particularities (de Palma et al. 2016).

Our results indicate that the surrounding natural areas 
seem to be a relevant driver that sustains the richness and 
abundance of native pollinators within crop systems (Kre-
men et al. 2004; Fabian et al. 2013; Forrest et al. 2015). 
Commonly, natural areas provide key resources to polli-
nator populations, such as perennial forage areas, nesting 
substrates and breeding sites, which are otherwise una-
vailable in or temporarily offered by crop fields (Steffan-
Dewenter and Tscharntke 1999; Chacoff and Aizen 2006; 
Ricketts et al. 2008; Knight et al. 2009; Halinski et al. 
2018). The forest edge provides habitats to pollinators, 

creating nesting sites for cavity nesting and ground nest-
ing bees, which increase the pollination of mass flowering 
crops (Le Féon et al. 2011). The forest edge provides a 
diversity of floral resources throughout the bee activity 
period (Bailey et al. 2014). Therefore, it would be expected 
that pollinator diversity declines within crop fields whose 
cultivated plants are more isolated from natural habitats 
because most insects have a limited flight range (Greenleaf 
et al. 2007).

However, contrary to other studies carried out within 
Brassica spp. crops in Asian regions (Mishra et al. 1988; 
Pudasaini et al. 2015; Bajiya and Abrol 2017; Stanley et al. 
2017), our data suggest that honey bees may not be the 
dominant pollinators in mustard fields, at least for those 
observed here. For example, Apis bees (A. mellifera, A. 
cerana, A. dorsata, A. florea) have been identified as the 
dominant taxonomic group of insects (> 80%) in similar 
crops while non-Apis bees such as Andrena spp., Halictus 
spp. and Megachile spp. have been observed to a lesser 
extent or in negligible quantities (Mishra et al. 1988; Puda-
saini et al. 2015; Bajiya and Abrol 2017; Stanley et al. 
2017). Conversely, our data indicate that, as a whole, both 
guilds of bees were represented at comparable quantities, 
but the number of Apis bees tended to increase far away 
from natural vegetation, while the number of non-Apis 
bees decreased at the same spatial distances. This fact may 
be due to, among other things, Apis bees being able to for-
age hundreds or even thousands of metres from their nests 
(Dornhaus 2002; revised by Abou-Shaara 2014). On the 
other hand, non-Apis bees such as Andrena spp., Halictus 
spp. and Megachile spp. are expected to forage over short 
distances since their small body size and/or solitary life-
style may restrain their flight range (Greenleaf et al. 2007; 
Everaars, Settele and Dormann 2018).

Fig. 4  Pollinator exclusion 
experiments evaluating the real 
contribution of flower-visiting 
insects to mustard pollination. 
Note: box = 1st and 3rd quar-
tiles, whiskers = the minimum 
and maximum range of varia-
tion, median [white line] = 2nd 
quartile, notches= confidence 
interval around the median. 
p values: ***< 0.001. White 
numbers in boxes indicate the 
median value
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Insect diversity and its contribution to mustard 
yields

The richness and abundance of pollinators are two diversity 
indices that are widely used by researchers to investigate 
how agriculture yields shift with changes in the variety and 
quantity of such organisms at spatial scales within pollina-
tion-dependent crops (Kremen et al. 2004; Morandin and 
Winston 2005; Garibaldi et al. 2011; Bommarco et al. 2012; 
Bailey et al. 2014; Bartomeus et al. 2014; Zou et al. 2017; 
Halinski et al. 2018; Hipólito et al. 2018). In our study, we 
found that while both richness and abundance of flower-
visiting insects had significant effects on mustard yields, the 
former index had a more predictive power  (R2 = 0.25) than 
the latter  (R2 = 0.01).

Even though the predictive power of the abundance of 
flower-visiting insects was negligible, as shown above, this 
model had a negative effect on mustard yields, suggesting 
that a larger quantity of such organisms is not necessary to 
increase mustard production. Many studies have shown that 
the richness and abundance of pollinators can have either 
converging or contrasting effects on crop yields (Klein et al. 
2003; Kremen et al. 2004; Morandin and Winston 2005; Zou 
et al. 2017; Bommarco et al. 2012; Bartomeus et al. 2014; 
Landaverde-González et al. 2017; Halinski et al. 2018). 
These studies suggest that a wider variety (richness) and 
quantity (abundance) of such organisms at a given spatial 
scale do not necessarily correspond to higher production 
(Klein et al. 2003; Morandin and Winston 2005; Kremen 
et al. 2004; Bommarco et al. 2012; Bartomeus et al. 2014; 
Zou et al. 2017; Landaverde-González et al. 2017; Halin-
ski et al. 2018). In other words, depending on locality and 
the cultivated plant species, only the richness but not the 
abundance of pollinating insects may have a positive effect 
on the final productivity of target crop. Our study suggests 
that while both richness and abundance of flower-visiting 
insects were higher near natural vegetation, the latter diver-
sity measure, even significant, was not reliable since it fails 
to accurately explain the variability of the mustard yields.

We believe that the richness of flower-visiting insects 
had a greater effect (positive) on mustard production than 
the corresponding abundance of such organisms because 
each species possesses behavioural particularities that 
could optimize the chances of mustard flowers to be ade-
quately pollinated. It is known that different species of pol-
linators may show different behaviours when visiting the 
same flowers (forage period, time per visit, floral resources 
harvested, stigma contact and so on), which may augment 
the pollination rate due to complementary or synergistic 
activities of such organisms (Rader et al. 2009; Brittain 
et al. 2013; Witter et al. 2015). Nevertheless, the abun-
dance of pollinators in similar situations does not neces-
sarily contribute to increased crop yields in a linear way. 

Plants have pollen limitations; for example, the density 
and visitation rate may restrain pollen deposition on the 
stigma (Morandin and Winston 2005; Morris et al. 2010; 
Rogers et al. 2014; Garibaldi et al. 2020). Since mustard 
plants greatly benefited from the presence of flower-visit-
ing insects, we assume that the abundance of such organ-
isms in the studied fields may not have been a limiting 
factor to enhance pollination, while richness seems to have 
better predictive power to explain the positive effects on 
the weight of mustard seeds.

Finally, in our study we found that the presence of flower-
visiting insects accounted for ~ 70% of the increase in the 
weight of mustard seeds. Such a proportion ascribed to the 
majority of organisms in the wild is relevant for at least two 
reasons. First, if a single pollinator species is allowed to 
access mustard flowers (e.g., beehives of Apis mellifera), 
then the weight of seeds drops to 45% (Devkota et al. 2016). 
This is not a small value, but compared to the pollination 
service naturally provided by this species plus the other 
flower-visiting insects identified here, mustard production 
may still be more enhanced. Second, some studies have 
found that multiple pollinating insects may contribute dif-
ferently to enhance yields (e.g. 18 to 71%) depending on the 
crop (Bartomeus et al. 2014; Kleijn et al. 2015; Landaverde-
González et al. 2017). Accordingly, in the current work this 
contribution was elevated demonstrating that if mustard 
crops are well managed the community of flower-visiting 
insects will provide a sufficient pollination rate.

Conclusion

The mustard crop fields in Nepal may receive a great variety 
of flower-visiting insects, such as bees, butterflies, flies and 
wasps. If bees are subdivided into groups as Apis bees vs. 
non-Apis bees it is possible to observe a pattern opposite in 
community structure with Apis bees being more representa-
tive far away from natural vegetation, while non-Apis bees 
tend to be more widely observed near natural vegetation. As 
the richness and abundance of flower-visiting insects were 
higher close to natural vegetation, but only the former had 
a great and positive effect on the weight of mustard seeds, 
the maintenance of the diversity of these organisms within 
mustard crops should be encouraged since they contribute 
to an increase of ~ 70% in the weight of seeds. To promote 
this, we suggest that large natural areas surrounding mustard 
crops continue to be conserved and that pollinator-friendly 
practices such as offering nest substrates and cultivating a 
wider variety of plants consortiated with mustard could be 
adopted by Nepalese farmers. We believe that such practices 
have the potential to keep mustard production sustainable for 
the long term in Nepal.



10 Journal of Insect Conservation (2021) 25:1–11

1 3

Acknowledgements We would like to thank our colleagues from the 
School of Health and Life Sciences at PUCRS for their continuous 
support. Special thanks are due to Manoj Pokherel for his contribution. 
We also thank Dr. Resham Bahadur Thapa for flower-visiting insect 
identification.

Funding We would like to thank the farmers who provided the mustard 
crop fields and helped arrange other required activities. We also thank 
the Coordination for the Improvement of Higher Education Personnel 
(CAPES) of the Ministry of Education (MEC) for funding the PhD of 
the first author and a postdoctoral fellowship from the National Post-
doctoral Program (PNPD, Finance Code 88882.314829/2019-01) for 
funding the second author. We are grateful to the reviewer for their very 
helpful comments on the manuscript. BB is grateful to the Conselho 
Nacional de Desenvolvimento Científico e Tecnológico (CNPq, Produ-
tividade em Pesquisa, Finance Code 311184/2016-2).

Compliance with ethical standards 

Conflict of interest The author declares that they have no conflict of 
interest.

References

Abou-Shaara H (2014) The foraging behaviour of honey bees, Apis 
mellifera: A review. Vet Med-Czech 59:1–10

Bajiya MR, Abrol DP (2017) Flower-visiting insect pollinators of 
mustard (Brassica napus) in Jammu Region. J Pharmac Phytoch 
6:2380–2386

Bailey S, Requier F, Nusillard B, Roberts SPM, Potts SG, Bouget C 
(2014) Distance from forest edge affects bee pollinators in oil-
seed rape fields. Ecol Evol 4:370–380. https ://doi.org/10.1002/
ece3.924

Bartomeus I, Winfree R (2013) Pollinator declines: reconciling scales 
and implications for ecosystem services. F1000Res 2:146

Bartomeus I, Potts SG, Steffan-Dewenter I, Vaissière BE et al (2014) 
Contribution of insect pollinators to crop yield and quality var-
ies with agricultural intensification. PeerJ 2:e328. https ://doi.
org/10.7717/peerj .328

Basnet K (2005) Effect of different combinations of nutrient sources 
and weeding practice on the physiological characters of rapeseed 
in humid subtropical condition of Chitwan. J Inst Agri and Ani 
Sci 26:51

Bates D, Mächler M, Bolker B, Walker S (2015) Fitting linear mixed-
effects models Using lme4. J Stat Soft 67.

Biesmeijer JC, Roberts SPM, Reemer M et al (2006) Parallel declines 
in pollinators and insect-pollinated plants in Britain and the Neth-
erlands. Science 313:351–354

Bommarco R, Marini L, Vaissière BE (2012) Insect pollination 
enhances seed yield, quality, and market value in oilseed rape. 
Oecologia 169:1025–1032

Brittain C, Williams N, Kremen C, Klein AM (2013) Synergistic 
effects of non-Apis bees and honey bees for pollination services. 
Proc Roy Soci Biol Sci 280:20122767–20122767

Brown MJF, Paxton RJ (2009) The conservation of bees: a global per-
spective. Apidologie 40:410–416

Cariveau DP, Williams NM, Benjamin FE, Winfree R (2013) Response 
diversity to land use occurs but does not consistently stabilise 
ecosystem services provided by native pollinators. Ecol Lett 
16:903–911

Chacoff NP, Aizen MA (2006) Edge effects on flower-visiting insects 
in grapefruit plantations bordering premontane subtropical forest. 
J Appl Ecol 43:18–27

de Palma A, Abrahamczyk S, Aizen MA, Albrecht M, Basset Y, 
Bates A, Blake RJ, Boutin C, Bugter R, Connop S, Cruz-López 
L, Cunningham SA, Darvill B, Diekötter T, Dorn S, Down-
ing N, Entling MH, Farwig N, Felicioli A, Fonte SJ, Fowler 
R, Franzén M, Goulson D, Grass I, Hanley ME, Hendrix SD, 
Herrmann F, Herzog F, Holzschuh A, Jauker B, Kessler M, 
Knight M, Kruess A, Lavelle P, Le Féon V, Lentini P, Malone 
LA, Marshall J, Martínez Pachón E, McFrederick QS, Morales 
CL, Mudri-Stojnic S, Nates-Parra G, Nilsson SG, Öckinger E, 
Osgathorpe L, Parra-H A, Peres CA, Persson AS, Petanidou 
T, Poveda K, Power EF, Quaranta M, Quintero C, Rader R, 
Richards MH, Roulston TA, Rousseau L, Sadler JP, Samnegård 
U, Schellhorn NA, Schüepp C, Schweiger O, Smith-Pardo AH, 
Steffan-Dewenter I, Stout JC, Tonietto RK, Tscharntke T, Tyli-
anakis JM, Verboven HA, Vergara CH, Verhulst J, Westphal C, 
Yoon HJ, Purvis A (2016) Predicting bee community responses 
to land-use changes: effects of geographic and taxonomic 
biases. Sci Rep 6:31153

Devkota K, Dhakal SC, Thapa RB (2016) Economics of beekeeping as 
pollination management practices adopted by farmers in Chitwan 
district of Nepal. Agric Food Secur 5:6. https ://doi.org/10.1186/
s4006 6-016-0053-9

Dornhaus A (2002) Significance of honeybee recruitment strategies 
depending on foraging distance (Hymenoptera: Apidae: Apis mel-
lifera). Entomol Gen 26:93–100

Everaars J, Settele J, Dormann CF (2018) Fragmentation of nest and 
foraging habitat affects time budgets of solitary bees, their fit-
ness and pollination services, depending on traits: results from 
an individual-based model. PloS One 13:e0188269

Fabian Y, Sandau N, Bruggisse OT, Aebi A et al (2013) The impor-
tance of landscape and spatial structure for hymenopteran-based 
food webs in an agro-ecosystem. J Anim Ecol 82:1203–1214

Forrest JRK, Thorp RW, Kremen C, Williams NM (2015) Contrast-
ing patterns in species and functional-trait diversity of bees in an 
agricultural landscape. J Appl Ecol 52:706–715

Fox J, Weisberg S (2011). An {R} companion to applied regression. 
2nd Edition. Thousand Oaks CA: Sage. https ://socse rv.socsc 
i.mcmas ter.ca/jfox/Books /Compa nion

Garibaldi LA, Steffan-Dewenter I, Kremen C et al (2011) Stability of 
pollination services decreases with isolation from natural areas 
despite honey bee visits: habitat isolation and pollination stability. 
Ecol Lett 14:1062–1072

Garibaldi LA, Sáez A, Aizen MA, Fijen T, Bartomeus I (2020) Crop 
pollination management needs flower-visitor monitoring and tar-
get values. J Appl Ecol 00:1–7

Garratt MPD, Coston DJ, Truslove CL et al (2014) The identity of 
crop pollinators helps target conservation for improved ecosystem 
services. Biol Conser 169:128–135

González-Varo JP, Biesmeijer JC, Bommarco R, Potts SG, Sch-
weiger O, Smith HG, Steffan-Dewenter I, Szentgyörgyi H, Woy-
ciechowski M, Vilà M (2013) Combined effects of global change 
pressures on animal-mediated pollination. Trends Ecol Evol 
28:524–530

Gower JC (1971) A general coefficient of similarity and some of its 
properties. Biometrics 27(4):857

Greenleaf SS, Williams NM, Winfree R, Kremen C (2007) Bee 
foraging ranges and their relationship to body size. Oecologia 
153:589–596

Halinski R, dos Santos CF, Kaehler TG, Blochtein B (2018) Influence 
of wild bee diversity on canola crop yields. Sociobiology 65:751

Hipólito J, Boscolo D, Viana BF (2018) Landscape and crop man-
agement strategies to conserve pollination services and increase 
yields in tropical coffee farms. Agric Ecosyst Environ 256:218–
225. https ://doi.org/10.1016/j.agee.2017.09.038

Ihaka R, Gentleman R (1996) R: a language for data analysis and 
graphics. J Comput Graph Statist 5:299–314

https://doi.org/10.1002/ece3.924
https://doi.org/10.1002/ece3.924
https://doi.org/10.7717/peerj.328
https://doi.org/10.7717/peerj.328
https://doi.org/10.1186/s40066-016-0053-9
https://doi.org/10.1186/s40066-016-0053-9
http://socserv.socsci.mcmaster.ca/jfox/Books/Companion
http://socserv.socsci.mcmaster.ca/jfox/Books/Companion
https://doi.org/10.1016/j.agee.2017.09.038


11Journal of Insect Conservation (2021) 25:1–11 

1 3

Jaeger B (2017) r2glmm: Computes R squared for mixed (multilevel) 
models. https ://cran.r-proje ct.org/web/packa ges/r2glm m/index 
.html

Kleijn D, Winfree R, Bartomeus I et al (2015) Delivery of crop pol-
lination services is an insufficient argument for wild pollinator 
conservation. Nat Commun 6:7414

Klein AM, Steffan-Dewenter I, Tscharntke T (2003) Fruit set of high-
land coffee increases with the diversity of pollinating bees. Proc 
R Soc Lond B Biol Sci 270:955–961

Klein AM, Vaissiere BE, Cane JH, Steffan-Dewenter I, Cunningham 
SA, Kremen C (2007) Importance of pollinators in changing land-
scapes for world crops. Proc R Soc B 274:303–313

Knight ME, Osborne JL, Sanderson RA, Hale RJ, Martin AP, Goulson 
D (2009) Bumblebee nest density and the scale of available forage 
in arable landscapes. Insect Conserv Diver 2:116–124

Koh I, Lonsdorf EV, Williams NM et al (2016) Modeling the status, 
trends, and impacts of wild bee abundance in the United States. 
Proc Natl Acad Sci USA 113:140–145

Kolde R (2019) pheatmap: Pretty heatmaps. Avaliable at: https ://cran.r-
proje ct.org/web/packa ges/pheat map/index .html

Kremen C, Williams NM, Bugg RL, Fay JP, Thorp RW (2004) The area 
requirements of an ecosystem service: crop pollination by native 
bee communities in California: area requirements for pollination 
services to crops. Ecol Lett 7:1109–1119

Kunin WE (1993) Sex and the single mustard population density and 
pollinator behavior effects on seed set. Ecology 74:2145–2160

Landaverde-González P, Quezada-Euán J, Theodorou P, Murray T, 
Ayala R, Moo-Valle J, Husemann M, Vandame R, Paxton R 
(2017) Sweat bees on hot chillies: provision of pollination ser-
vices by native bees in traditional slash-and-burn agriculture in 
the Yucatan Peninsula of tropical Mexico. J Appl Ecol 54:1814–
1824. https ://doi.org/10.1111/1365-2664.12860 

Le Féon V, Burel F, Chifflet R, Henry M, Vaissiere Ricroch A, BE, et al 
(2011) Solitary bee abundance and species richness in dynamic 
agricultural landscapes. Agric Ecosyst Environ 166:94–101

Levin MD, Kuehl RO, Carr RV (1968) Comparison of three sampling 
methods for estimating honey bee visitation to flowers of cucum-
bers. J Econ Entomol 61:1487–1489

Lindström SAM, Herbertsson L, Rundlöf M, Bommarco R, Smith HG 
(2016) Experimental evidence that honeybees depress wild insect 
densities in a flowering crop. Proc R Soc B 283:20161641

Mishra RC, Kumar J, Gupta JK (1988) The effect of mode of pol-
lination on yield and oil potential of Brassica campestris L. 
var. Sarson with observations on insect pollinators. J Apic Res 
27:186–189

Morandin LA, Winston ML (2005) Wild bee abundance and seed pro-
duction in conventional, organic, and genetically modified canola. 
Ecol Appl 15:871–881

Morris WF, Vázquez DP, Chacoff NP (2010) Benefit and cost curves 
for typical pollination mutualisms. Ecology 91:1276–1285. https 
://doi.org/10.1890/08-2278.1

Oksanen J, Blanchet FG, Friendly M et al (2018) Vegan: community 
ecology package. R package version 2.5-2. https ://CRAN.R-proje 
ct.org/packa ge=vegan 2018

Ollerton J, Winfree R, Tarrant S (2011) How many flowering plants 
are pollinated by animals? Oikos 120:321–326

Ollerton J, Erenler H, Edwards M, Crockett R (2014) Extinctions of 
Aculeate pollinators in Britain and the role of large-scale agricul-
tural changes. Science 346:1360–1362

Partap U (1999) Pollination management of mountain crops through 
beekeeping: trainers’ resource book. International Centre for Inte-
grated Mountain Development, Kathmandu, Nepal, p 117

Peres-Neto PR, Jackson DA (2001) How well do multivariate data 
sets match? The advantages of a Procrustean superimposition 

approach over the Mantel test. Oecologia 129:169–178. https ://
doi.org/10.1007/s0044 20100 720

Pudasaini R, Thapa RB, Chaudhary NK, Tiwari S (2015) Insect pol-
linators’ diversity of rapeseed (Brassica campestris L. var. toria) 
in Chitwan, Nepal. J Inst Agric Anim Sci 33–34:73–78

R Core Team (2016) R: A language and environment for statistical 
computing. The R Foundation for Statistical Computing, Vienna, 
Austria

Rader R, Howlett BG, Cunningham SA, West-Cott DA, Newstrom-
Lloyd LE, Walker MK, Teulon DAJ, Edwards W (2009) Alterna-
tive pollinator taxa are equally efficient but not as effective as the 
honeybee in a mass flowering crop. J App Ecol 46:1080–1087

Ricketts TH, Regetz J, Steffan-Dewenter I et al (2008) Landscape 
effects on crop pollination services: are there general patterns? 
Ecol Lett 11:499–515

Rogers SR, Tarpy DR, Burrack HJ (2014) Bee species diversity 
enhances productivity and stability in a perennial crop. PLoS ONE 
9:e97307. https ://doi.org/10.1371/journ al.pone.00973 07

Samnegård U, Hambäck PA, Lemessa D, Nemomissa S, Hylander K 
(2016) A heterogeneous landscape does not guarantee high crop 
pollination. Proc Royal Soc B: Biol Sci 283:20161472

Stanley DA, Stout JC (2013) Quantifying the impacts of bioenergy 
crops on pollinating insect abundance and diversity: a field-
scale evaluation reveals taxon-specific responses. J Appl Ecol 
50:335–344

Stanley J, Sah K, Subbanna ARNS (2017) How efficient is the Asian 
honey bee, Apis cerana in pollinating mustard, Brassica campes-
tris var. toria? Pollination behavior, pollinator efficiency, pollina-
tor requirements and impact of pollination. J Apic Res 56:439–451

Steffan-Dewenter I, Tscharntke T (1999) Effects of habitat isolation 
on pollinator communities and seed set. Oecoogia 121:432–440

Steffan-Dewenter I, Münzenberg U, Bürger C, Thies C, Tscharntke 
T (2002) Scale-dependent effects of landscape context on three 
pollinator guilds. Ecology 83:1421–1432

Steffan-Dewenter I, Westphal C (2008) The interplay of pollinator 
diversity, pollination services and landscape change: pollinator 
interactions at landscape scales. J Appl Ecol 45:737–741

Stiles S, Lundgren J, Fenster C, Nottebrock H (2019) Maximizing eco-
system services provided to the new oil crop Brassica carinata 
through landscape and arthropod diversity. bioRxiv. https ://doi.
org/10.1101/72420 3

Theodorou P, Albig K, Radzevičiūtė R, Settele J, Schweiger O, Mur-
ray JT, Paxton R (2017) The structure of flower visitor networks 
in relation to pollination across an agricultural to urban gradient. 
Funct Ecol 31:838–847

Vaissière BE, Freitas B, Gemill-Herren B (2011) Protocol to detect 
and assess pollination deficits in crops: A handbook for its use. 
FAO, Rome, p 81

Westphal C, Bommarco R, Carré G et al (2008) Measuring bee diver-
sity in different european habitats and biogeographical regions. 
Ecol Monogr 78:653–671

Witter S, Nunes-Silva P, Lisboa BB, Tirelli FP, Sattler A, Hilgert-
Moreira SB, Blochtein B (2015) Stingless bees as alternative 
pollinators of canola. J Econ Entomol 108:880–886. https ://doi.
org/10.1093/jee/tov09 6

Zou Y, Xiao H, Bianchi FJJA, Jauker F, Luo S, van der Werf W (2017) 
Wild pollinators enhance oilseed rape yield in small-holder farm-
ing systems in China. BMC Ecol 17.

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://cran.r-project.org/web/packages/r2glmm/index.html
https://cran.r-project.org/web/packages/r2glmm/index.html
https://cran.r-project.org/web/packages/pheatmap/index.html
https://cran.r-project.org/web/packages/pheatmap/index.html
https://doi.org/10.1111/1365-2664.12860
https://doi.org/10.1890/08-2278.1
https://doi.org/10.1890/08-2278.1
https://CRAN.R-project.org/package=vegan2018
https://CRAN.R-project.org/package=vegan2018
https://doi.org/10.1007/s004420100720
https://doi.org/10.1007/s004420100720
https://doi.org/10.1371/journal.pone.0097307
https://doi.org/10.1101/724203
https://doi.org/10.1101/724203
https://doi.org/10.1093/jee/tov096
https://doi.org/10.1093/jee/tov096

	Higher richness and abundance of flower-visiting insects close to natural vegetation provide contrasting effects on mustard yields
	Abstract
	Graphic abstract

	Introduction
	Materials and methods
	Study area
	Insect sampling
	Pollinator exclusion experiments and crop yield analysis
	Data analysis
	Insect diversity: Guild composition, richness and abundance


	Results
	Flower-visiting insect composition, richness and abundance
	Effect of flower-visiting insects on mustard yields

	Discussion
	Insect diversity within mustard crops
	Insect diversity and its contribution to mustard yields

	Conclusion
	Acknowledgements 
	References


