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Abstract—Apples are one of the most important global crops that relies heavily on 
insect pollination, which has been shown to increase apple production and value. 
However, recent reports indicate that apple production has been declining in 
certain regions, including in Bhutan. One of the potential causes of declining 
production are pollination deficits driven by a low abundance and diversity of 
pollinators, a phenomenon that has received little attention in Bhutan to date. 
Here, we present the first study examining the diversity of flying insects in 
Bhutanese apple orchards in relation to apple quality. During the apple flowering 
season, 1,006 insects comprising 44 unique (morpho-)species from the orders 
Hymenoptera, Diptera, and Lepidoptera were recorded using a standardized 
method of passive and active trapping within nine different orchards in Thimphu, 
Paro, and Haa districts, in the western part of Bhutan. During the harvest season, 
495 apples were collected from these nine orchards, and we measured five 
different parameters; weight, size, sugar concentration, seed number, and 
malformation score. The most dominant flower visitors across all orchards were 
honey bees (mostly Apis mellifera, followed by A. cerana and A. dorsata). Orchards 
with a higher abundance of flying insects (both managed and wild) had better 
apple quality (weight, size and sugar concentration). Contrary to reports from 
other regions of the world, flower visitor diversity did not correlate with the quality 
of the apples. This represents the first study reporting on apple pollination in 
Bhutan and highlights the importance of pollinators in apple production and 
reinforces the need to develop pollinator friendly practices to ensure sustainable 
apple production in Bhutan.  

Keywords—Biodiversity; agroecology; community composition; Hymenoptera; 
Diptera; Lepidoptera 

INTRODUCTION 

Pollination is an important natural process that 

is necessary for maintaining wild plant diversity 

and in providing vital ecosystem services to 

agriculture (Ollerton 2017). An estimated 75% of 

the world crops require animal-mediated 

pollination (Klein et al. 2007), and our reliance 

upon pollinator-dependent crops is increasing 

since the onset of the 21st century (Aizen et al. 

2019). Insects are by far the most dominant 

pollinators, contributing between US$ 235 and US$ 

577 billion to the world agricultural crops economy 

annually (Potts et al. 2016).  

Apple is one of the most important global, 

pollination-dependent fruit crops both in terms of 

yield and economic value (FAO 2020), with insect-

dependency rate typically between 80-100% (Hein 

2009). As in most other pollinator-dependent 

crops, insect-assisted pollination increases apple 

production, economic value, and fruit quality, as 

better pollinated apples are comparatively larger 

and with more seeds (Garratt et al. 2014). Garratt 

et al. (2016) also reported that pollination 

contributed to about 65% of the marketable quality 
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and quantity yield in apples in a UK survey. 

Several factors may contribute to the decline of 

apple production, such as orchard shrinkage, tree 

nutrition level, and incompatibility among 

cultivars (Sheffield 2014). However, low 

abundance of pollinators in the orchard (Rather et 

al. 2017), resulting in inefficient pollination 

(Garratt et al. 2016) may also have negative effects 

on production. Insect pollination in apples is 

understudied in many regions (Pardo & Borges 

2020) and the insect communities responsible for 

crop production may vary between regions 

(Dymond et al. 2021). Insufficient insect pollinators 

in the community may lead to pollination 

limitation, whereby seed production is less than 

would be reached with supplemental pollen 

treatments. Diverse communities of wild 

pollinators are necessary to ensure sufficient 

pollination (Garibaldi et al. 2013; Reilly et al. 2020), 

including in apples (Osterman et al. 2021; 

Radzevičiūtė et al. 2021). Insect pollinators are in 

decline in some parts of the world (Biesmeijer et al. 

2006; Nieto et al. 2014; Potts et al. 2016; Hallmann 

et al. 2017) but for many areas, insufficient baseline 

information of diversity and abundance is 

available (Didham et al. 2020). 

In Bhutan, apples were introduced in the late 

1960s and have been the leading cash crop in the 

country for over a decade (Choden & Shahnawaz 

2015). Apples in Bhutan are grown in the 

temperate zone (1,800 – 4,500 m) and are planted 

even on steep mountainous terrain (Choden & 

Shahnawaz 2015). According to the Renewable 

Natural Resources (RNR) census report (2019), 

there are 5,533 apple growers in the country. The 

RNR census report and National Statistics Bureau 

(NSB) indicate that apple production in Bhutan has 

decreased dramatically from 7,051 metric tons 

(MT) in 2014 to 6,587 MT in 2016 (-6.6% compared 

to the 2014 baseline; Pelden 2015) and 3,684.42 MT 

in 2019 (-47.8% compared to the 2014 baseline; 

Wangmo & Dem 2020). In Bhutan there has been 

no research on pollinator abundance and richness 

at agricultural sites to understand its role in 

production declines. 

In this study, we set out to identify the flying 

insects that are potentially involved in apple 

pollination in Bhutan and to link these to the 

observed regional decline in apple quality. 

Although such a decline is likely to have a 

multifactorial origin, we suspect that inefficient 

pollination, a factor that has received little to no 

attention in Bhutan, might be one of the factors 

behind the phenomenon observed. Specifically, we 

aimed to quantify flower visitor diversity and 

abundance in nine apple orchards located in 

Western Bhutan and covering elevation, climatic, 

and landscape gradients to explore; What is the 

diversity and abundance of visiting insects in 

Bhutanese apple orchards, and how does this 

diversity vary between orchards? And does the 

diversity and abundance of insects in the orchard 

correlate with apple quality in the studied 

orchards?  

MATERIALS AND METHODS 

LOCATION OF THE STUDY SITE 

The study was conducted between December 

2019 and October 2020, in three major apple-

growing districts in Western Bhutan, Thimphu, 

Paro, and Haa (Fig. 1). According to the RNR 

census report (2019), Paro is the largest apple-

producing district with 2,417 MT (65.6%), followed 

by Thimphu at 755 MT (20.5%) and Haa at 293 MT 

(8.0%). The mean annual temperature in the study 

sites varies from 4.6 ˚C in the winter to 23 ˚C in the 

summer and the mean annual rainfall varies 

between 386.3 mm and 858.4 mm.  

SITE OVERVIEW AND DATA COLLECTION 

The protocol used in the study was developed 

as part of the CliPS (Climate change and its effect 

in Pollination Services) project (2018-2022). CliPS is 

a global project that focuses on apple pollination 

and pollinator communities and has been 

developed to ensure the highest level of 

replicability across different sites and regions 

(Prendergast et al. 2021; Leclerq et al. 2022; 

Weekers et al. 2022). Three orchards were selected 

from each of the three districts with a minimum 

distance of 2 km between orchards. The selected 

orchards ranged from 2,288 m to 2,712 m in 

elevation. We only selected orchards with a 

minimum of 100 trees. We selected the orchards so 

as to maximize the diversity of biogeographic 

conditions, elevation, and landscape type, among 

orchards (Fig. 2).
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Figure 1. Location of the sampled orchards in each of the districts; (A) Thimphu, (B) Paro and (C) Haa, showing landscape context 
surrounding each orchard. 

 

Flying Insect community sampling 

Flying insect diversity and abundance in the 

orchard was recorded using pan trap and netting 

techniques. Field observations were made from 

9:00 to 16:00 for three consecutive days during the 

peak apple flowering season (April-May 2020). 

Three triplets of pan traps, painted fluorescent 

yellow, blue, and white, were placed at 9:00 and 

were recovered at 16:00. A minimum distance of 2 

m was maintained between pans and a distance of 

30 m between each triplet. The pans were half-

filled with soap water (10 ml of soap detergent/L 

of water) to lower the water tension and prevent 

the escape of insects visiting the pans. At the end 

of the day all the insects in the trap were collected; 

later they were washed, air-dried, and stored in a 

freezer.  

Netting was standardized to 90 minutes before 

noon and another 90 minutes before 16:00 to 

ensure sampling of the total daily flying 

community occurred. During these 90 minutes of 

netting, the entire orchard was covered and only 

those insects observed visiting apple blossoms 

were collected. The insects were put in a container 

containing 70% ethanol. 

The specimens were then identified to species 

or morphospecies. Dr. John Smit from Naturalis 

Biodiversity Center (Netherlands) identified the 

Hymenoptera and Diptera while Mr. Phurba Dorji 

from the Royal Society for Protection of Nature 

(RSPN, Bhutan) assisted in the identification of 

Hymenoptera and Diptera. Mr. Thinley Phuntsho 

(RSPN, Bhutan) identified the Lepidoptera. At 

each site we also recorded the presence and species 

identity of any managed honeybee hives. The 

abundance and diversity figures were measured 

using the specimens collected by both netting and 

pan traps. 

APPLE FRUIT SAMPLING AND MEASUREMENT 

Apple sampling was conducted during the 

harvest period (September-October, 2020). From 

each orchard, 11 apple trees were selected at 

random and from each tree, five apples were 

collected from random branches (55  
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Figure 2. Overview of the diversity and management of a selection of the apple orchards sampled. In general, agricultural areas 
in Bhutan are found in high-quality landscapes and are much smaller and managed less intensively that in most other parts of 
the world. (A) Baytsho, Haa, 2690 m (a.s.l). There was an Apis mellifera hive near this orchard which was introduced as part of 
an agriculture project by His Royal Highness Dasho Jigyel Ugyen Wangchuck. The bees here were introduced from the Bumthang 
district of Bhutan. (B) Youselpang, Thimphu, 2710 m (a.s.l).  The orchard was located in mountainous terrain, spread along the 
slope of the mountain. The owner also cultivated potatoes along with the apples in the apple orchard itself. They hired laborers 
to cultivate and harvest vegetables and apples as seen in the photo. (C) Jangtoena, Paro 2320 m (a.s.l). The orchard was divided 
into three small plots with the help of a barbed wire. The orchard was surrounded mostly by settlements. (D) Chamzhingkha, 
Paro, 2440 m (a.s.l). The orchard had a managed hive that has been repeatedly destroyed by bears. (E) Alternate angle of the 
orchard in (A) showing the mountainous terrain in which the orchard is situated. (F) Bjemina, Thimphu, 2440 m (a.s.l). The owner 
has started cultivating cabbage below the apple trees in the orchard. All photos © Kinley Dorji. 

 

apples/orchard, total of 495 apples). Two varieties 

of apples were grown across all sites, red delicious 

and golden delicious. Due to the propensity for red 

delicious to be more common across all sites, but 

also to incorporate the widely grown golden 

delicious, we sampled fruit from 7 red delicious 

trees and 4 golden delicious trees at each site. Only 

the ripened apples were selected for measurement; 

pest-damaged apples were excluded. The apples 

were then measured for five different parameters: 

fruit weight (g), fruit size (mm), sugar 

concentration (% Brix; a measure of the percentage 
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of soluble sugar), number of seeds, and fruit 

malformation score. The weight of the apples was 

measured with a digital scale while the size was 

measured with the help of a digital Varner calliper. 

The sugar concentration of the apples was 

measured using a digital refractometer with the 

range of 0-60 % Brix. The number of seeds was 

counted manually. Fruit malformation score was 

given according to the state of the fruit: 1 – badly 

misshapen and unmarketable, 2 – somewhat 

malformed, and 3 – perfectly symmetrical and 

marketable quality. There are no standard criteria 

to check the shape and malformation of the apple 

fruits before export in Bhutan according to the 

Bhutan Agriculture and Food Regulatory 

Authority (BAFRA).   

DATA PROCESSING AND ANALYSIS 

Descriptive statistics were used to explore the 

total number of species recorded from each of the 

orchards and compare the measurements of apples 

in different orchards and by different collection 

techniques. The dominant species were visualised 

using a Whittaker plot and community analysis of 

species composition was conducted using 

rarefaction and a non-metric multidimensional 

scaling (NMDS) plot using the ‘vegan’ package 

(version 2.5-6; Oksanen et al. 2019). We conducted 

four statistical tests to determine the impact of 

diversity and abundance on apple quality. Firstly, 

(i) We tested whether the dominance of honeybees 

observed in the Whittaker plots were correlated to 

presence of hives, by fitting a linear model with 

honey bee abundance as the response variable and 

a binary measure of hive presence as the fixed 

effect. (ii) We used an ANOVA to determine if 

apple quality measures varied by orchard. (iii) We 

tested the relationship between all diversity 

metrics, (total, honeybee, hoverfly, bee and 

butterfly abundance and richness) and all apple 

quality metrics (apple weight, size, sugar 

concentration, the shape of the fruit, and seed 

number) using a Pearson’s correlation test. (iv) 

Based on the observed correlations we tested the 

effect of abundance and richness of flying insects 

on mean apple weight per orchard (which was 

correlated with all other measures) using multiple 

linear mixed effect regressions. District was used 

as a random effect to account for any spatial 

autocorrelation due to similar environmental 

conditions in the different districts. The best model 

was selected as the model with the lowest Bayesian 

information criterion (BIC) (Schwarz 1978). All the 

data were analysed using the statistical software R, 

4.0.4 (R Core Team 2021).   

RESULTS 

DIVERSITY AND ABUNDANCE ACROSS ORCHARDS AND 

COLLECTION METHODS 

A total of 1,006 insects comprising 44 unique 

(morpho-)species belonging to three orders were 

recorded within apple orchards (Fig. 3A). 

Hymenoptera were the most diverse and 

abundant insect order (19 species, 780 specimens 

recorded), followed by Diptera (15 species, 181 

specimens recorded) and Lepidoptera (10 species, 

45 specimens recorded). 

Netting collection was responsible for 649 

specimens from 38 species recorded. Fewer 

specimens, but a similar species richness were 

collected with pan traps, 357 specimens from 39 

species (yellow pan trap - 180 records for 31 

species, white pan trap - 100 records for 29 species, 

and blue pan trap - 77 records for 24 species). 

Thirty-three species were collected by both 

methods (Fig. 2B) and five species were caught 

only by netting method and were not captured in 

the pan traps including one honey bee, Apis 

dorsata, and four butterfly species Catopsilia 

pomona, Colias myrmidone, Everes huegelii, and 

Pseudozizeeria maha. Six species were only collected 

in pan traps (including three Lasioglossum morpho-

species, an Andrena sp., a species from the 

Eumeninae family and Vespula flaviceps). No 

species were unique to a particular pan trap colour 

(Fig. 2B). The three species of honey bees (in order 

of abundance A. mellifera, A. cerana and A. dorsata) 

were the most dominant species across all orchards 

and were far more likely to be collected by net than 

pan traps (Fig. 3C). 

Honey bees (A. mellifera, A. cerana and A. 

dorsata) were the dominant insect visitor in all the 

orchards except for Gidakom, where the dominant 

flower visitor was a solitary bee (Ceratina sp2) (Fig. 

4). Honey bees were more dominant in orchards 

located in Paro and Haa districts and there was 

lower species evenness in these orchards 

compared to the orchards in the Thimphu district 

that had less difference between the most 

abundant species and also overall greater species 
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Figure 3. Overview of the complete inventory of pollinating insects found at each orchard. (A) Total number of specimens per 
(morpho-) species collected by netting or pan traps. The bars are stacked and represent the total number of (morpho-) species 
collected by both methods with the dark grey bar showing total (morpho-) species collected by pan traps and light grey total 
netted (morpho-) species. (B) Species richness shared by each collection method. Colours refer to the colours of the pan traps 
used. (C) Total abundance for each of the major insect groups by netting or pan traps. 

 

richness per site (Fig. 4). Honey bee abundance 

was significantly higher in areas where hives were 

present in and around the orchard locality (linear 

model: R2 = 0.67, β = 28.03, T = 3.74, P = 0.007). 

Chamzhingkha orchard in Paro had A. cerana hives 

while Baytsho and Tshelungkha orchard at Haa 

had A. mellifera hives. 

 The composition of communities in different 

orchards showed that there is heterogeneity within 

regions as the composition of species varies as 

much within regions as it does between regions 

(Fig. 5). However, overall, there was no significant 

difference between the sites in terms of community 

composition (PERMANOVA; R2 = 0.51, F = 1.21, P 

= 0. 21). (Fig. 5). The collection method used 

resulted in greater differences in the community 

compared to the location. There was a significant 

difference in the community of insects collected by 

netting or pan traps (PERMANOVA; R2 = 0.21, F = 

4.24, P = 0.002). Most of the honey bees were caught 

by netting while pan traps were more effective in 

catching hoverflies and other wild bee species (Fig. 

5). 
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Figure 4 Whittaker plot showing relative species abundance and evenness per orchard site, top three most abundant species of 
the orchard are labelled. 

 

APPLE PRODUCTION AND RELATIONSHIP TO DIVERSITY ACROSS 

ORCHARDS  

There was a significant difference in the mean 

weight of the apples across different orchards. The 

mean size of the apples across different orchards 

was also significantly different (F (8, 486) = 23.72, P 

< 0.001). The difference in the mean sugar 

concentration of apples in the different orchards 

was significant (F (8, 486) = 3.29, P = 0.01), and the 

mean weight, size and sugar content per orchard 

were all significantly correlated with each other (r 

> 0.7) (Fig. 6). In particular, the mean number of 

seeds set in the fruit and the fruit quality (weight, 

size, sugar) was seen to be positively correlated 

(Pearson’s r = 0.733 (weight), r = 0.736, (size), r = 

0.767 (shape) r = 0.779 (sugar concentration)) (Fig. 

6). As the number of seeds in the apple fruit 

increases, the apples tend to be larger, sweeter and 

with better symmetry. 

Therefore, we used mean weight per orchard as 

a proxy for the other apple measurements as the 

response variable in a linear mixed effects model 

to compare the correlation with richness and 

abundance. The best linear mixed effects model 

(lowest BIC) to explain variation in mean weight 

included only total abundance of insects (β = 0.05, 

T = 17.12, P < 0.001). Total abundance was 

significantly correlated with all other  
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Figure 5 Non-metric multidimensional scaling (NMDS) showing the variability in community composition by site and collection 
method. 

 

measurements, excluding the number of seeds and 

apple shape (Fig. 6). To see which groups were 

most influential in driving mean weight, we 

excluded total abundance and fit a model with the 

abundance of each major pollinator group. The 

best model in this case included abundance of 

honey bees (β = 0.05, T = 14.38, P < 0.001) and 

abundance of hoverflies (β = 0.07, T = 10.33, P < 

0.001). Species richness did not have a statistical 

relationship with apple quality measurements (for 

all model results see Table S1). 

DISCUSSION 

This study represents the first survey of the 

diversity of apple pollinating insects in Bhutan. We 

found that in almost all cases, honey bees were the 

dominant visitor of apple blossoms in these 

orchards. This pattern was consistent, especially in 

the orchards of Paro and Haa districts, where bee 

hives were present in and around these orchards. 

The non-native A. mellifera was the dominant 

visitor overall, as observed in apple orchards 

globally (e.g. Russo et al. 2015; Hutchinson et al. 

2021; Prendergast et al. 2021; Weekers et al. 2022). 

Apis cerana was the second most common flower 

visitor across all orchards. A. cerana and A. mellifera 

have been shown to offer complementary 

pollination services to apples in the neighbouring 

Indian Himalayas (Verma & Dulta, 1986; Verma & 

Rana, 1994; Joshi & Joshi, 2010). Apis mellifera was 

seen to visit more flowers and have greater pollen 

loads and A. cerana was active for longer periods of 

the day (Verma & Rana, 1994; Verma & Dulta, 

1986).  
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Figure 6. Correlation matrix showing the key apple quality measurements and measurements of per orchard (N = 9) abundance 
and diversity. Variables included, in order, are mean apple weight (g), mean apple size in (mm), mean apple shape which is a 
malformation score from; 1 – badly misshapen and unmarketable, 2 – somewhat malformed and 3 – perfectly symmetrical and 
marketable quality, mean sugar concentration (% BRIX), mean number of seeds per apple, total richness, total abundance, 
abundance of honeybees (HB) and abundance of hoverflies (HF). Mean weight (highlighted in green) was used as the response 
variables in a linear mixed effects model. Abundance was the only variable included in the best model (lowest AIC) and HB 
abundance and HF abundance were included in the best model if abundance was excluded (all highlighted in grey). Value on the 
upper triangle is the Pearson’s correlation coefficient and the * refer to the P-value significance level; *< 0.05, **< 0.01, 
***< 0.001. 

 

A growing body of literature suggests it is 

likely that Apis mellifera may restrict other species 

through competition for resources (Geslin et al. 

2013). Angelella et al. (2011) reported that there 

was a marked decrease in wild pollinator 

abundance, species richness, and fruit count on 

strawberry farms with bee hives and hives, and 

Weekers et al. (2022) recently showed that honey 

bee dominance is statistically associated to overall 

lowered diversity of wild pollinators in apple 

orchards across Western Europe, irrespective of 

management practices. However, we cannot draw 

the same conclusion for Bhutanese apple orchards. 

So little is known about the diversity of pollinating 

insects in Bhutan making it difficult to know 

whether the diversity and abundances observed 



48 Dorji et al. J Poll Ecol 31(5) 

 

reflect the wider community or if the apple 

orchards act as an environmental filter. In 

particular, because of the lack of knowledge of 

other pollinators and how to manage the 

landscape to promote them, previous 

recommendations to apple farmers in Bhutan 

suggested increasing managed honey bees (Partap 

& Partap 2001). There is sound evidence that a 

diverse community of pollinators improves crop 

production compared to only managed pollinators 

(Garibaldi et al. 2013). However, the promotion of 

wild pollinators in Bhutan can only begin once 

there is fundamental research to provide baseline 

knowledge in Bhutan. The results presented here 

provide evidence that, contrary to situations where 

apple production is supported primarily by honey 

bees in regions lacking alternative and efficient 

pollinators (see e.g. Prendergast et al. 2021), the 

communities of insects visiting apple blossoms in 

Bhutan, including wild bees (Ceratina and Andrena) 

and hoverflies, may contribute to a substantial 

share of the crop pollination service. Future 

research should investigate this issue with greater 

scrutiny, particularly to test the extent to which 

wild bees and hoverflies alone are sufficient to 

provide the pollination service in a context of 

commercial farms, or if honey bees are 

systematically required to fulfil the pollination 

demand. 

Unlike apple orchards in other parts of the 

world (Pardo & Borges 2020; Hutchinson et al. 

2021), no bumblebee species (Bombus) were 

recorded as visitors in the orchards surveyed here. 

Partap et al. (2019) reported bumblebees as 

pollinators in the Hindu Kush-Himalayan Region 

of India. However, many bumblebee species in 

Bhutan are likely to be found in very high 

elevation areas (Williams et al. 2010). Moreover, 

Nidup et al. (2017), reported that despite the 

importance of bumblebees in pollination, 

bumblebee diversity in Bhutan is fundamentally 

undocumented, and a diversity inventory is 

lacking in the country. Several hoverfly species 

where also found to be visiting apple blossoms, 

and globally their importance as crop pollinators 

may be underestimated (Rader et al. 2020). 

Hoverflies also may benefit crop production in 

another way, as most larvae in the subfamily 

Syrphinae and tribe Pipizini feed on aphids 

(Sommaggio et al. 1999). 

The significant differences in communities 

collected by nets and pan traps suggest that only a 

subset of the entire community is actually visiting 

apple blossoms as potential pollinators; apple 

crops may act as a filter at the community level 

(Leclercq et al. 2022). Although, it can be difficult 

to record the entire range of visitors, especially 

when they are low in abundance (Russo et al. 

2015). Overall, at the community level, there was 

no significant difference between composition 

across all orchard sites. Therefore, the filtering 

effects of the orchards may be stronger than any 

local variability in orchards resulting in a 

homogenous community of visitors. This may be 

because the overall quality of the landscape in 

Bhutan is very high, even in the agricultural areas 

that are much smaller and managed less 

intensively than in most other parts of the world. 

Our results also suggest that a greater number 

of insects in the orchard increases the chances of 

efficient pollination, but that this is not dependent 

on richness. This reflects the results of recent 

research showing that apple pollination success 

may not be related to richness (Osterman et al. 

2021), but can be dependent on abundance 

(Radzevičiūtė et al. 2021). Although, this is in 

contradiction to the findings of some recent studies 

(Garibaldi et al. 2013; Choi & Jung 2015; Blitzer et 

al. 2016; Nunes-Silva et al. 2020), which reported a 

key role of pollinator diversity (in addition to 

abundance) for improved pollination efficiency, 

especially as not all pollinators forage at the same 

time of the day. However, the low diversity overall 

and the limited number of orchards means we 

cannot draw detailed conclusions. Management is 

likely to play a large role in the potential for 

diversity to affect production (Nicholson et al. 

2020); orchard owners in Bhutan report 

considerable variation in production between 

years and between sites, suggesting that there are 

several other factors affecting apple production 

related to management other than the presence of 

pollinators (Dorji et al. in press). Furthermore, here 

we only looked at apple quality and did not 

calculate fruit set per tree or yield per orchard. To 

do so would involve selecting branches during 

flowering and calculating the total number of 

flowers per tree in relation to the number of fruits 

harvested. 

The abundance of honey bees, both native and 

introduced species, seems to be the most important 
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driver of fruit quality. Honey bees are the most 

dominant pollinators with their economic 

valuation being estimated at US$ 217 billion 

globally (Park et al. 2018). Similar findings were 

also reported where honeybee dominance had a 

positive effect on apple weight (Nunes-Silva et al. 

2020). The decline in both quality and yield in the 

Bhutanese apples over the years may be because of 

a pollinator deficit in the orchards and inefficient 

pollination. Identifying appropriate honey bee 

density thresholds and supporting wild 

pollinators in the orchard could significantly 

benefit apple growers (Angelella et al. 2011). This 

type of work and research should be conducted in 

Bhutan to not only help conserve the pollinators 

but also improve apple quality and yield and thus 

support farmers. 

A study by Sheffield (2014) reported that the 

weight of the apple fruits increased linearly with 

the number of seeds per fruit, though this increase 

was minimal. A study by Buccheri & Vaio (2004), 

also reported a positive relationship between seed 

number, weight and shape of the fruit. Such 

differences in fruit quality are a result of the 

difference in pollen deposition, which reflects the 

pollination efficiency of different pollinators (Park 

et al. 2016). However, apple cultivar and pollinizer 

trees are equally important for fruit set. Nunes-

Silva et al. (2020) also reported that the influence of 

pollinator diversity and abundance on apple 

quality and yield varies depending on the different 

apple cultivar. Future research in Bhutan would 

require analysing the contribution of pollinator 

diversity and abundance with different apple 

cultivars and of the pollinizer trees in the orchard 

(Carisio et al. 2020).  

The results presented here serve as a 

preliminary study of the diversity of potential 

insect pollinators and apple pollination in Bhutan. 

The conclusions we can draw are limited due to 

low statistical power and the methodology used in 

this study should be replicated at a larger scale. 

More extensive research is required to obtain a true 

relationship between pollinators, efficient 

pollination, and its contribution to apple quality, 

especially in terms of apple quality for different 

varieties. However, this data can begin a process to 

help underpin future orchard management to 

involve pollinator health and conservation 

strategies. There are currently no standard criteria 

on apple quality for export in Bhutan. Therefore, 

there is no added pressure on the farmers to 

produce better apples. This study can also be used 

to set standard criteria so that farmers are not only 

encouraged to produce better apples but will also 

improve the value and price of the Bhutanese 

apples in the export market, while acknowledging 

the contribution of native pollinators to crop 

production on the roof of the world, at the foot of 

Himalayas. 
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