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ABSTRACT
Insect pollinators, especially honey bees, are an essential biotic factor in the reproductive success 
of plants that rely on insects for pollination. Their extinction would endanger food production and 
sustainable biodiversity. Climate change, habitat destruction, fragmentation, the prevalence of 
diseases, parasites, insufficient nutrition, extensive agricultural practices and invasion by foreign 
and predatory species contribute to the decline of the honey bee population. The present study 
aims to observe and document the factors affecting the population of honey bees in the study 
area. Thus, a comprehensive survey of 59 modern and 42 traditional apiaries in the Nainital 
district of Uttarakhand, India, was conducted. In the present study, the most common nuisances of 
honeybees were insects, followed by avian fauna and arachnids. Apart from insects and arachnids, 
four bird species were nesting and roaming around beehives. Few insects and reptiles belonging 
to the non-pest category were also spotted infesting the hives in the study sites. It has been 
observed that these factors negatively affect the bee population. Managing these factors is crucial 
in conserving the native and captive bees to sustain the environment. 

Keywords: Honey Bee, Population, Pests, Predators, Parasites, Western Himalaya.

Climate change, habitat fragmentation, the prevalence 
of  diseases, parasites, inadequate nutrition, extensive 
agricultural practices and an infestation of  foreign and 
predatory species are all factors contributing to honey 
bee population decline.[5-8] Kraus and Page, 1995[9] 
reported that almost half  of  North America’s European 
honeybee hives have vanished after their introduction. 
Both managed and wild bees are currently declining 
globally.[10-11] In recent years, several areas worldwide have 
seen a significant drop in honey bee hives.[12] The decline 
in the bee population in western countries has been 
shocking in recent years, with agricultural production 
being one of  the leading causes,[13-14] pesticide use,[3] 
habitat fragmentation,[15] climate change[16] and to some 
extent the lack of  floral diversity[17-18] pests, parasites and 
predators are also foremost causes. 
Honeybees are ectothermic, which means that the 
temperature of  the environment regulates their 
movement. As a result, climate change, which is 
characterized by increased temperatures, has the potential 
to impact their biology, behaviour and distribution 
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INTRODUCTION

Honey bees are necessary for sustainable development 
and pollination. Bees are valuable pollinators of  forests, 
agriculture and horticulture, including the procedures 
of  marketable products like honey, wax, propolis and 
venom. Therefore, different countries worldwide 
are looking for beekeeping as a vital source for their 
agriculture and rural development plans.[1-2] Bees are 
an essential biotic factor in the reproductive success 
of  plants that rely on insects for pollination,[3-4] their 
extinction threatens food production and biodiversity 
sustainability. 
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significantly. Climate change indirectly impacts bees 
because as a result, both their floral resources and 
their natural enemies are adversely affected. Climate-
induced mismatches in insect-plant phenology and 
distribution can have significant demographic effects 
on the species involved. This is because insects and 
plants react differently to temperature variations.[19] 
Climate change can change the floral environment 
and improve or decrease colony gathering capacity. 
It can create new honey bee distribution areas and 
competitive connections among species, races, parasites 
and pathogens.[20] Bees are unable to return to the hive 
due to low temperatures and severe winds, resulting in a 
significant number of  deaths.[21]

The Apis genera of  honey bees, along with all other living 
organisms, is subject to invasion or attack by its natural 
predators. Studies show that pests and viruses have 
caused damage to beehives in recent years.[1] Different 
stress factors were observed in different studies 
regarding the causes of  bee colony loss. The collapse of  
a colony is more likely when a variety of  unfavourable 
conditions interact. Bee mortality and genetic diversity 
are thought to be exacerbated and diminished as a 
result of  a variety of  conditions, including stress from 
inadequate nutrition, fasting, a monocultural diet, rapid 
weather changes, chronic pesticide poisoning, and 
impaired honey bee immunity.[7,22-23]

Besides insecticides, used in agriculture, honey bees 
come across the exposure to acaricides used to manage 
Varroa and other parasites. Bees come into touch 
with the high residue levels on the waxy cells of  the 
comb. In this situation, it mainly harms the developing 
larvae, presumably adult honey bees and the queen.[24-26]  

A. cerana and A. mellifera populations are declining 
due to the introduction of  Varroa destructor and Varroa 
jacobsoni, which feeds on the fat bodies of  immature 
honeybees. Honeybee colonies suffer from abnormal 
brood development and brood mortality when  
V. destructor feeds on honeybee fat body tissues. 
Tropilaelaps spp. is also a species of  mite that infests 
honey bees and is reported only in Asia, but the 
worldwide honey trade has the potential to disseminate 
it to many more.[27-30]

The losses of  a honey bee colony are also incurred by 
pathogens such as the microsporidia Nosema ceranae, 
Nosema apis, the more virulent one, and the ectoparasitic 
mite Varroa destructor. Fungi like Ascosphaera apis, bacteria 
like Paenibacillus larvae and Melissococcus plutonius, amoebae 
like Malpighamoeba mellificae, septicemia and Spiroplasma, 
small hive beetles like Aethina tumida, wax moths like 
Pyralidae and others cause the loss of  bee colonies.[31-33]  
The greater wax moth (Galleria mellonella) is an 

opportunistic pest that can severely damage honey bee 
hives’ stored combs. G. mellonella larvae are thought to 
have a significant impact on tropical and subtropical 
honeybee populations, and this is one of  the primary 
causes of  the decline of  both feral and wild honeybee 
populations in those regions.[34] It is believed that 
Galleria mellonella and Achroia grisella, members of  the 
Lepidoptera family of  wax moths, cause the most damage 
to Apis mellifera colonies and beehive products around 
the globe.[35,29] Beekeepers encounter a wide variety of  
ant species, which are considered pests. African honey 
bee populations have been decimated by the spread 
of  invasive species such as Weaver ants (Oecophylla 
smaragadina), Black ants (Monomorium indicum), Tramp 
ant (Monomorphum destructor), Carpenter ant (Camponotus 
compressus), Fire ants (Solenopsis spp.) and Formica spp.[29] 
Several species of  birds specialize in eating honey bees 
and the goods they produce, such as the Oriental Honey 
Buzzard (Pernis ptilorhynchus) and the European bee-eater 
(Merops apiaster) also cause a nuisance to bees.
A decrease in honey bee performance and the subsequent 
dissolution of  the colony might be the outcome of  
hornets like Vespa velutina and Vespa tropica’s predatory 
activities targeting honey bees.[36-37] The phorid flies 
(Apocephalus borealis and Braula coeca and Braula coeca) are 
considered serious killers of  honey bees throughout 
Central America, Europe, the Middle East and South 
Africa.
In the United States, the majority of  bee colony losses 
are due to adverse weather conditions, starvation, loss 
of  the bee queen, or stress associated with transporting 
hives over long distances and infection (primarily 
viruses, bacteria, and fungi) that may contribute to 
CCD syndrome (Colony Collapse Disorder).[38] Most 
of  the infections in honey bees go undiagnosed 
because of  the lack of  clinically identifiable sickness 
signs, making viruses their secret enemy compared 
to other pathogens.[39] RNA viruses, such as ABPV, 
BQCV, IAPV, KBV, DWV, Kakugovirus (KV), Varroa 
destructor virus-1 (VDV-1), Sacbrood virus (SBV), Slow 
bee paralysis (CBPV), Lake Saini viruses (LSV) and Bee 
Macula-like virus (BMLV) are the most common honey 
bee pathogens.[40]

Bee health is affected by a wide range of  parameters, 
including the host and virus genetic makeup, the 
immunological response, synergistic and/or antagonistic 
pathogenic infections, microbial composition, nutritional 
status, and exposure to agrochemicals, to name but a 
few. Honey bees can potentially suffer malformations, 
paralysis, death, or stay asymptomatic as a result of  a 
viral infection.[41-44]
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Figure 1: Factors Affecting Honey Bee Population.

Population declines due to Chock brood, wax moths, 
amoeba, Nosema, Varroa mites, ants, lizards and spiders 
are the most often documented honey bee illnesses and 
pests recorded so far.[2] Multiple factors affecting bee 
health are depicted in Figure 1.
The reduction in the honey bee population has been 
extensively studied in the United States and Europe, 
but information from South Asian countries, including 
India, is limited.[45]

MATERIALS AND METHODS
Study Site

The Nainital district is situated at an elevation of  1948 
metres (6,385 feet) above sea level, with a latitude of  
29°22’48.00” N and a longitude of  79° 27’0.00” E. 
During the research period, eighteen sites in the Nainital 
area were surveyed, spanning five blocks (Western 
Himalayan region) (Table 1). 

Data Collection

The survey was conducted from June 2019 to January 
2022. 101 (59 modern and 42 traditional) apiaries from 
18 sites were surveyed. On-site problems and factors 
leading to bee population decline were closely observed 
and documented during every field visit (Figure 2).

RESULTS
In the present investigation on various parasites and 
predators targeting European honey bee, Apis mellifera 
and Indian honey bee Apis cerana indica colonies were 
carried out and significant facts have been recorded 
during the entire course of  the study.
Insects and arachnids were the most common pests 
of  honeybees, according to an extensive assessment 

performed in 59 modern apiaries and 42 traditional 
apiaries in various agro-climatic zones. During the 
investigation, 4 individuals from Hymenoptera, 2 
individuals from Lepidoptera, and 2 from non-insect 
class, Arachnida are reported. Aside from insects and 
arachnids, 4 birds have also been spotted nesting and 
roaming around beehives. These predators, pests 
and parasites were observed and recorded in apiaries, 
though, not throughout the year but in different seasons 
(Table 2).

A- Insect Pests/Predators
[I] Hymenopterans

Hornets are the most active and common predators 
attacking the study sites’ colonies of  A. mellifera and 
A. cerana indica. Vespa tropica (Greater banded hornet), 
Vespa velutina (Asian hornet), Formica fusca (Black ant) 
and Camponotus compressus (Carpenter ant) were found 
in different study sites during the summer season. 
Amongst these, Vespa tropica was found to be the most 
prominent pest, present in 100% commercial (59) and 
100% traditional (42) apiaries, showing similarity with 
the findings of  Chandra and Mattu, 2017, followed by 
Camponotus compressus in 79.60%, Formica fusca in 69.49% 
and Vespa velutina in 59.32% modern apiaries (Figure 3 
and 4). While in traditional beekeeping, Vespa velutina 
in 80.95%, Formica fusca in 47.61% and Camponotus 
compressus in 21.42% of  apiaries were observed.

[II] Lepidoptera

The most common wax moth species are Galleria 
mellonella (Greater wax moth) and Achroia grisella (Lesser 
wax moth) found clogging up the A. mellifera and  
A. cerana indica colonies, in different agro-climatic 
regions of  the research site. 64.40% of  modern apiaries 
were infected with Galleria mellonella (Figure 5) and 
infestation of  Achroia grisella was found in 45.76% of  
modern apiaries. Several researchers have observed 
these pests in other parts of  the world. 

B- Non-Insect Pest/Predators/Parasites
[I] Arachnids

Certain arachnids in the research sites generated serious 
challenges for A. mellifera and A. cerana indica colonies. 
Two species of  mites were observed during the study 
period i.e., Tropilaelaps spp. and Varroa spp. Amongst 
the total apiaries, the broods and adults of  44.06% 
and 35.00% of  modern apiaries were parasitized with 
mites of  Tropilaelaps spp. and Varroa spp. Respectively  
(Figure 6). While no parasitism due to mites was 
observed in traditional apiaries.
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[II] Aves

Bee-eating birds can take on everything from locusts 
to aphids and any other flying insect as their feed. On 
the other hand, Hymenoptera makes up the majority 
of  most bee-eaters’ meals. In the present study, Pernis 
ptilorhynchus (Oriental Honey Buzzard) was found in 
40.60%, followed by Lanius schach (Long-tailed shrike) 
in 32.20% Merops orientalis (Asian green bee-eater) were 
found in 25.42%, Dicrurus macrocercus (Black drongo) 
was found in 18.64% of  modern apiaries (Figure 7). In 
traditional apiaries, only one species of  bird was found 
roaming around the hives i.e., Merops orientalis in 4.76% 
of  apiaries. 
In modern apiaries, Vespa tropica was found to be the 
major predator of  honey bees and was distributed in 

Figure 2: a-b: Modern Apiaries of Apis mellifera in Kunwarpur 
and Bailpadao, c to d-1: Traditional Bee Hives (Wall hives) of 

Apis cerana indica in Moora and Ramgarh (Nainital District).

Figure 3: Hornet Species: a: Vespa velutina (The Asian  
Hornet) in a wall hive; b: Vespa tropica (Greater banded  
hornet) in a modern beehive; c: Hornet Trap in an Apiary;  

d: Hornets collected and burnt by beekeepers.

Figure 4: a-b: Attack of carpenter ants on Bee Hive,  
c: Camponotus compressus (Carpenter ant).

Figure 5: a: Greater wax moth (Galleria mellonella) web in a 
beehive; b: Larvae of Galleria mellonella (Waxworm)

Figure 6: Tropilaelaps spp. (mite) parasitized the brood of 
Apis mellifera.

Figure 7: Bee-eater Birds; a: Pernis ptilorhynchus (Oriental 
Honey Buzzard), b: Merops orientalis (Asian green bee-eater), 
c: Dicrurus macrocercus (Black drongo), d: Lanius schach 

(Long-tailed shrike).
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100% of  apiaries, followed by Componotus compressus in 
79.60%, Formica fusca, which was distributed in 69.49% 
of  apiaries, Vespa velutina in 59.32% of  apiaries, Galleria 
mellonella and Tropilaelaps spp. in 64.40% and 44.06% of  
apiaries, respectively. On the other hand, Merops orientalis 
and Dicrurus macrocercus (Black drongo) were found in 
25.42% and 18.64% of  apiaries, respectively (Figure 8). 
While in traditional beehives, five pests and predators 
were found, Vespa tropica was found to be the major pest 
of  honey bees and was distributed in 100% of  apiaries, 
followed by Vespa velutina in 80.95%, Formica fusca in 
47.61%, Componotus compressus in 21.42%, and Merops 
orientalis only in 4.76% of  apiaries (Figure 9).
The order Hymenoptera, 33% (Insecta) was found 
to be the most dominant in terms of  bee infestation 
and predation in the study area, followed by the order 
Lepidoptera (Insecta) 17%, Mesostigmata (Arachnida) 
17%, Passeriformes (Aves) 17%, Accipitriformes (Aves) 
8% and Coraciiformes (Aves) 8% (Figure 10). 33% of  
Vertebrates and 67% of  Invertebrates were recorded 
(Figure 11).

Among all of  the pests, parasites, and predators studied, 
Vespa tropica was found to be the most common honey 
bee predator and was identified in all of  the study sites 
100%, followed by Vespa velutina and Formica fusca, 
distributed in 77.77% of  the study sites, Componotus 
compressus in 66.66% of  the sites, Galleria mellonella 
and Tropilaelaps spp. in 44.44% of  the study sites. While 
Merops orientalis (Asian green bee-eater) and Dicrurus 
macrocercus (Black drongo) were found in 22.22% of  
study sites (Table 3).

C- POSSIBLE DISEASE MEDIATORS AND 
OTHER INVADERS
[I] Kashmir Rock Agama

Rock or whorl-tailed agamas (Laudakia Gray, 1845 and 
its allies) lizards are omnivorous and feed on seeds, 
fresh shoots, leaves, flowers and fruits of  various plant 
species and to a more significant proportion on several 
taxa of  invertebrates, including spiders, beetles, locusts, 
and flies.[46] The presence of  Kashmir Rock Agama was 

Figure 8: Presence of pests/predators in Modern Apiaries.

Figure 10: Contribution of different orders of Pests/Predators 
and parasites.

Figure 11: Contribution of Vertebrates and Invertebrates as 
Pests/Predators and parasites.

Figure 9: Presence of pests/predators in Traditional Apiaries.
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Table 3: Status of Honey bee pests, predators and parasites at study sites.

Name of the area

Insects Arthropods Chordates
Hymenopterans Lepidopterans Arachnids Aves
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recorded (Figure 12-a) in two study sites i.e., Jyoli and 
Moora, both around the bees’ traditional hives. 

[II] Blatta spp.

In the present study, Blatta spp. was spotted roaming 
in and around the beehives (Figure 12-b). Food 
plays a critical role in the spread of  infectious 
pathogens to humans. Due to the lewd behaviour of  
cockroaches and prevalence in an area where food 
is kept or un-handled, cockroaches appear to be 
suitable mechanical transmitters for a wide variety 
of  foodborne microbial pathogens. In addition, 
cockroaches can pass microorganisms externally via 
their cuticle.[47]

[III] Spider spp.

Spider webs were found (Figure 12-c) in individual 
apiaries with fewer populations of  bees. In these apiaries, 
the presence of  spiders was not documented. Thus, it 
is concluded that the webs present in the hive are old. 
However, the possibility of  a spider’s occurrence in and 
around the hive cannot be neglected.

[IV] Lucilia spp.

In the present investigation, larvae of  Lucilia spp. (green 
bottle fly) was reported inside a beehive (Figure 12-d). 
As per the available reports, there is no evidence of  
Lucilia spp. being the pest of  honey bees, they could 
be considered a vector of  diseases due to their feeding 
habit.
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DISCUSSION
Vespa tropica was discovered to be the most prevalent 
honey bee predator among all the invaders of  honey bees, 
followed by Vespa velutina, Formica fusca and Componotus 
compressus. Tropilaelaps spp. were the common parasites 
in the study area. While in Lepidoptera, Galleria mellonella 
and in Aves Pernis ptilorhynchus (Oriental Honey Buzzard) 
were the most common pests. Sharma et al. (2013)[48] 
and Chandra and Mattu (2017),[49] have reported almost 
all of  these predators, pests and parasites infestation in 
the beehives of  Himachal Pradesh.
In Asia, the Galleria mellonella was initially discovered 
in honeybee hives of  Asian honeybee Apis cerana. 
However, it eventually migrated to northern Africa, 
Great Britain, other areas of  Europe, North America 
and New Zealand.[34] In traditional apiaries no infestation 
of  lepidopterans was observed. In the present study, 
apart from these, few other insects, larvae and reptile 
were found, which could be possible disease mediators/
carriers of  honey bees.
The omnivorous feeding behaviour of  Kashmir Rock 
Agama was reported by many researchers from the late 
nineties to the present,[50-51] the recent report of  Akram 
et al., 2020[46] enlighten the new predatory behaviour of  
Kashmir Rock Agama, captured feeding on a scorpion, 
which was earlier not reported elsewhere as a feed. As to 
the new report and the previously reported insectivorous 
feeding habit of  this reptile, it can be stated that adverse 
conditions can lead Kashmir Rock Agama to shift its 
diet to bees. However, the studies till today do not show 
any feeding behaviour of  Kashmir Rock Agama towards 
honey bees. Robinson et al., 2012[52] and Huey and Nieh, 

2017[53] and other researchers considered spiders as a 
predator of  Honey bees. Due to the presence of  spider 
webs in a few beehives in the study area, there is a 
possibility of  spider infestation and attack in the hives.
Cockroaches were found to be a problem in the present 
study, and since they reproduce rapidly, are adaptable, 
and are resistant to insecticides, they pose a significant 
threat to the health of  honey bees.[54] It was witnessed 
that Cockroaches near the beehives adversely affect 
bees. Another invader of  the hive, larvae of  Lucilia 
spp. can be considered a disease mediator due to its 
feeding behaviour. Sharma et al., 2013[48] and Chandra 
and Mattu, 2017,[49] have also reported the presence of  
Lucilia spp. in the beehives of  Himachal Pradesh, similar 
to the findings of  the present study.

CONCLUSION
The current findings indicated that Vespa tropica and 
Camponotus compressus are the most abundant and 
significantly distributed predator of  A. cerana indica and 
A. mellifera. At the same time, Tropilaelaps spp. and Varroa 
spp. were reported as the most abundant parasites and 
Galleria mellonella was the major pest, posing a significant 
threat to beekeeping in the Nainital district, a region of  
the western Himalayas in Uttarakhand state, India. Four 
species of  bee-eating birds were also recorded during 
the present study; due to their limited distribution, they 
are less threatening to bees. Seasonal activities, such 
as special bee care and good hive management, are 
recommended to reduce infestation and predation.
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ABBREVIATIONS
MASL: Meter Above Sea Level; CCD: Colony Collapse 
Disorder; ABPV: Acute bee paralysis virus; BQCV: 
Black queen cell virus; IAPV: Israel acute paralysis virus; 
KBV: Kashmir bee virus; DWV: Deformed wing virus; 
KV: Kakugovirus; VDV-1: Varroa destructor virus-1; 
SBV: Sacbrood virus; CBPV: Slow bee paralysis; LSV: 
Lake Saini viruses.

Figure 12: a-Kashmir Rock Agama near the traditional 
beehive; b-Cockroach at beehive; c- Honey bee trapped in a 
spider web; d-larvae of Lucilia spp. collected from beehive.
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SUMMARY
Honey bees are an essential biotic factor in the 
reproductive success of  plants that rely on them for 
pollination. The extinction of  honey bees would 
endanger food production and sustainable biodiversity. 
The aim of  the present study is to observe and document 
the factors affecting the bee population in the study area. 
Insects and arachnids were the most common pests 
of  honeybees, according to an assessment performed 
in 59 modern apiaries and 42 traditional apiaries in 
various agro-climatic zones. 4 birds have also been 
spotted nesting and roaming around beehives. During 
the present investigation, Vespa tropica and Camponotus 
compressus were found to be the most abundant and 
significantly distributed predator of  A. cerana indica and 
A. mellifera. Tropilaelaps spp. and Varroa were reported as 
the most abundant parasites and Galleria mellonella was 
the major pest.
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