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Harmful Pests of Honeybees and Their Management Tactics: A Review

Abstract

Honeybees (Apisspp.) play a vital role in pollination and contribute significantly to
global agriculture. However, the health and survival of honeybee colonies are threatened by a
range of harmful insect pests and diseases. This review provides an overview of the major
pests and diseases that impact honeybee colonies and explores the diverse management
tactics employed to mitigate their effects.The primary focus is on key pests such as the
Varroa mite (Varroa destructor), which inflicts considerable damage by parasitizing adult
bees and their brood, facilitating the transmission of debilitating viruses. Management
strategies for Varroa mites encompass chemical treatments, integrated pest management
(IPM) approaches, and organic treatments to curtail mite populations and prevent colony
collapse.Another significant threat discussed is the small hive beetle (Aethinatumida), a
beetle species that disrupts hives by laying eggs in comb and consuming stored resources.
Hive manipulation, traps, and chemical controls are among the tactics utilized to control
small hive beetle populations and mitigate their impact.The review also addresses wax moths
(Galleria mellonella and Achroiagrisella), which target hive comb, potentially causing comb
destruction and honey fermentation. Hive maintenance, freezing, and pheromone traps are
outlined as effective strategies to combat wax moth infestations.Additionally, the review
covers Nosema infections (Nosema apis and Nosema ceranae), microsporidian parasites that
compromise adult bee health by weakening immune systems and reducing foraging
efficiency. Hive hygiene, medications, and genetic selection are explored as methods to
manage Nosema infections and bolster colony resilience. To effectively manage these harmful
pests and diseases, a holistic and integrated approach is recommended. Beekeepers are
encouraged to remain informed about the latest research findings and implement appropriate
measures, considering local conditions and sustainable beekeeping practices. By combining
scientific knowledge with practical application, the resilience of honeybee colonies can be
enhanced, ensuring the vital role they play in pollination and global food security.
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Introduction

Honeybees (Apisspp.) are iconic pollinators that contribute significantly to the
reproduction of flowering plants and the production of various agricultural crops [1]. Beyond
their ecological importance, honeybees also play a pivotal role in global food security by
facilitating the reproduction of numerous fruit, vegetable, and nut crops [2]. However, the
health and stability of honeybee populations have been threatened by an array of harmful



insect pests and diseases, causing considerable concern among beekeepers, researchers, and
agricultural stakeholders [3].

In recent years, the challenges posed by these harmful factors have escalated, leading
to increased colony losses and heightened attention to the intricate relationships between
honeybees, their environment, and the various stressors they encounter [4]. This review
delves into the realm of harmful insect pests and diseases that afflict honeybee colonies,
examining the multifaceted impacts they have on bee health, colony dynamics, and
pollination services. Moreover, it explores the spectrum of management tactics and strategies
that have been developed and refined to mitigate the detrimental effects of these threats.As
the interactions between honeybees and their environment become more complex,
understanding the mechanisms by which harmful insect pests and diseases compromise bee
health is of paramount importance [5]. Honey bee colony is affected by various pests such as
the Varroa mite, small hive beetle, wax moths, and the Nosema parasite [6]. Each of these
entities has its uniqgue mode of infestation, transmission pathways, and impact on bee
physiology and behavior.To counteract these threats, a range of management approaches
have been devised, encompassing chemical interventions, biological controls, hive
management techniques, and genetic selection [7]. By employing a combination of these
strategies, beekeepers and researchers aim to preserve colony vigor, enhance resistance to
stressors, and sustain pollination services.The subsequent sections of this review will delve
into the specific characteristics of each harmful pest and disease, elucidating their effects on
honeybee colonies and elucidating the management methods that have been developed to
mitigate their negative consequences [8]. As the global community strives to ensure the
health and well-being of honeybee populations, it is imperative to have a comprehensive
understanding of the challenges they face and the innovative strategies that offer promise in
overcoming these challenges [9].

MajorPestsof Honeybees include:

Honey bee colonies can face various pests and parasites that can impact their health and
productivity. Some of the major pests of honeybees include (Table 1)& (Table 2):

Table 1: Diseases of Honeybees and their casual organism

S. | Common name Casual organism Types of Pathogens | References
No.

1 American foulbrood Paenibacillus larvae | Bacteria [13]

2 European foulbrood Melissococcus pluton | Bacteria [29][30]

3 Sac brood Moratoraetatulas Virus [45]

4 Chalk brood Ascosphaeraapis Fungus [64]

5 Stone brood Aspergillus flavus Fungus [70]

6 Nosema Nosema spp. Protozoa [74]

1. American foul brood (Paenibacillus larvae)



American Foulbrood (AFB) is a highly contagious and deadly bacterial disease that affects
honeybee larvae [10]. AFB is a notifiable disease in many countries, meaning that beekeepers
are legally obligated to report outbreaks to the relevant authorities [11]. Additionally,
successful AFB management often requires collaboration between beekeepers and local
beekeeping inspectors or veterinarians with expertise in bee diseases. [12] It is caused by the
spore-forming bacterium Paenibacillus larvae [13]. AFB can devastate bee colonies and is
considered one of the most serious diseases that beekeepers must manage [14].

Symptoms of American Foulbrood (AFB):

AFB primarily affects honeybee larvae, typically those that are less than two days old [15].
Infected larvae turn brown and eventually become a dark, sticky mass [16][17]. The disease
emits a foul odour, which is one of the diagnostic signs. The larval remains are often covered
with tough, rope-like filaments formed by the bacterial spores [18].

Transmission of AFB:

AFB is highly contagious and can spread within a colony through the feeding of
contaminated royal jelly and worker bees [19]. Beekeeping equipment and hive components
can also become contaminated, serving as a source of infection [20].

Management and Control of AFB:

Early Detection: Early detection is crucial to prevent the spread of AFB. Beekeepers should
regularly inspect their hives for signs of the disease, including examining brood frames and
looking for discoloured larvae and the characteristic foul odour [21].

Quarantine and Destruction: When AFB is detected, affected colonies and equipment should
be isolated and destroyed. This includes burning the infected hive material to kill the bacterial
spores [22].

Hygienic Practices: Maintaining good hygiene in the apiary is essential. This includes
ensuring that beekeepers themselves do not inadvertently spread the disease between colonies
by using contaminated equipment [23].

Antibiotic Treatment: In some regions and under certain circumstances, antibiotics such as
oxytetracycline can be used to treat AFB [24]. However, this should only be done under the
guidance of a qualified beekeeping inspector or veterinarian, as the improper use of
antibiotics can lead to antibiotic resistance.

Re-queening: Replacing the queen in an infected colony can sometimes help control AFB, as
it can lead to a break in the brood cycle, reducing the bacterial load in the hive [25].

Bee Breeding: Some research has focused on breeding honeybee colonies for genetic
resistance to AFB. Beekeepers may explore the use of resistant bee strains to reduce the risk
of infection [26].

Biosecurity: Implementing biosecurity measures, such as sterilizing equipment and ensuring
that external sources of contamination are minimized, is essential to prevent AFB
introduction [27].



Regulatory Compliance: Beekeepers should be aware of and follow local and national
regulations regarding the management and reporting of AFB outbreaks. Many regions have
specific rules to prevent the spread of the disease [28].

2. European foul brood (Melissococcus pluton)

European Foulbrood (EFB) is another bacterial disease that affects honeybee larvae. It is
caused by the bacterium Melissococcus pluton[29][30]. While not as deadly as American
Foulbrood (AFB), EFB can still weaken bee colonies and reduce their productivity [31].

Symptoms of European Foulbrood (EFB):

EFB primarily affects bee larvae, particularly those that are 3-4 or 4-5 days old [32][33].
Infected larvae exhibit various symptoms, including larval death, discoloration, and a
"melted” or "ropy" appearance [34].

Transmission of EFB:

EFB is also contagious and can spread within a colony through direct contact between larvae
and the contaminated brood cell lining. The bacterium can be transmitted through bee-to-bee
contact or by the nurse bees feeding infected larvae [35].

Management and Control of EFB:

Oxytetracycline hydrochloride (oxytetracycline) is one of the antibiotics commonly used to
treat European foulbrood (EFB) in honey bee colonies [36]. However, its use does come with
certain concerns and considerations [37].

Antibiotics like oxytetracycline are broad-spectrum and can disrupt the natural microbiome
of honey bees. The bee microbiome plays a vital role in bee health, including digestion and
immunity [38]. Disrupting this microbiome can have unintended consequences for the overall
health and resilience of the colony.In some cases, the use of antibiotics can lead to bee
mortality, particularly if not used according to recommended guidelines or if overdosed [39].
EFB and other bee diseases that are more environmentally friendly and do not have the same
negative impacts on bee health and hive products. Some of these alternatives include:

Biological Controls: Research is ongoing into the use of beneficial microorganisms
(probiotics) that can help prevent or manage EFB by outcompeting the pathogenic bacteria
responsible for the disease [40].

Selective Breeding: Breeding honey bee colonies for increased resistance to diseases like
EFB is another approach. Beekeepers are working to develop bee strains that are naturally
more resistant to common diseases [41].

Good Hive Management Practices: Practices such as maintaining strong and healthy
colonies, providing proper nutrition, and reducing stressors can help bees better resist
diseases [42].



Biosecurity Measures: Implementing strict biosecurity measures, including regular hive
inspections and maintaining equipment hygiene, can help prevent the introduction and spread
of diseases within bee colonies [43].

3. Sac brood (Moratoraetatulas):

The Scbrood virus (SBV), a member of the Iflaviridae family, is a viral disease that affects
honey bees and is particularly devastating to Asian honeybee Apiscerana[44]. A regional
variant of SBV is known as the Chinese Sacbrood virus (CSBV) [45]. There is currently no
efficient antiviral treatment available to manage CSBV infection in honey bees [46].

Symptoms of Sac brood:

This disease is named "Sac brood" because of the characteristic appearance of infected bee
larvae, which often resemble a sac or pouch [47].Infected bee larvae appear swollen,
elongated, and sac-like in shape [48]. They often take on a characteristic yellowish or whitish
color.The head and thorax of the affected larvae may darken and become rubbery [49].The
larval sacs are often found protruding from the cells, and they may be partially or completely
disintegrated [50].Sac brood disease is generally considered less severe than some other
honey bee brood diseases like American foulbrood.In most cases, the disease does not lead to
colony collapse. However, it can weaken the colony and reduce its productivity [51].

Transmission of Sac brood:

The Sacbrood virus is primarily transmitted to bee larvae through contaminated food fed to
them by nurse bees [52] [53].

Management and Control of Sac brood:
Hygienic Practices:

Beekeepers should maintain good hygiene practices within the hive. This includes keeping
the hive clean and removing infected larvae and pupae from the hive [54].Regular inspections
can help detect early signs of Sac brood infection [55] [56].

Requeening:

Requeening the hive with a new queen from a reputable source can help reduce the likelihood
of Sac brood infection [57] [58]. Some strains of honey bees may be more resistant to the
virus [59].

Varroa Mite Control:

Varroa mites are known vectors of several honey bee viruses, including Sacbrood virus.
Managing varroa mite populations through integrated pest management (IPM) practices can
help reduce the transmission of the virus [60].

Nurse Bee Quality:

Ensuring that nurse bees are healthy and free from Sacbrood virus is crucial, as they are
responsible for feeding and caring for the developing larvae [61].



Maintaining Proper Nutrition:

Providing honey bee colonies with adequate nutrition can help improve their overall health
and resilience to diseases, including Sac brood [62].

Isolation of Infected Colonies:

If Sac brood is detected in a colony, isolating that colony from healthy ones may prevent the
spread of the disease to other hives [63].

4. Chalk brood (Ascosphaeraapis)

Chalkbrood and stonebrood are two distinct fungal diseases that can affect honey bee brood,
and they are caused by different fungal species [64].Ascosphaeraapis is the fungus that
causes chalkbrood disease. When honey bee larvae are fed by nurse bees, the fungus's spores
are consumed by the larvae. The larvae eventually starve to death as a result of the spores,
which germinate in the honey bee's digestive tract [65].

Symptoms of Chalk brood:

Chalkbrood primarily affects honey bee larvae, transforming them into hard, chalk-like
mummies [66]. Infected larvae turn from a healthy white color to a pale, chalky white or
gray. These mummified larvae are often misshapen and have a hard consistency, which gives
the disease its name [67].Chalkbrood can lead to a significant reduction in emerging worker
bees [68].Severe infestations can weaken the overall colony, reducing its productivity and
potentially leading to colony collapse if left unaddressed [69].

5. Stone brood (Aspergillus spp.)

Stonebrood is indeed caused by various species of the Aspergillus fungus, with Aspergillus
flavus and Aspergillus fumigatus being among the commonly implicated species [70].
Stonebrood-infected bee larvae become mummified with a hard or stony appearance, and the
exact impact of this disease on colony health is not as well-documented as some other honey
bee diseases.However, the presence of Aspergillus spp. in honey bees can be a concern due to
the production of airborne conidia (spores) [71].

Symptoms of Stone brood:

Stonebrood is less commonly observed than chalkbrood in honey bee colonies. Infected bee
larvae become mummified, but in this case, they do not turn into chalky masses [72]. The
impact of stonebrood on honey bee colonies is not as well understood as chalkbrood [73].

6. Nosema (Nosema spp.)

Two types of microsporidian parasites, or spore-forming fungi, known as Nosema apis and
Nosema ceranae, are the primary responsible for the Nosema disease [74]. While N. apis is
considered to have developed from European honey bees (Apisapis), N. ceranae is believed to
have evolved from Asian honey bees (Apiscerana), and has only currently commenced to
harm European honey bees [75]. Compared to N. apis, N. ceranae appears to be more
harmful since it affects more cells in the bees' mid-gut and Kills infected bees rapidly [76].



Symptoms of Nosema:

There are no distinct signs or symptoms of Nosema. Nosema infection may appear as the
inability of bees to fly, excreta on combs or lighting boards, and dead or dying bees on the
ground in front of the hive, however these symptoms can also be brought on by other aberrant
circumstances [77].

Transmission of Nosema:

The spores of Nosema enter the body of the adult bee through the mouth and germinate in the
gut. After germination, the active phase of the organism enters the midgut epithelial cells
where it multiplies rapidly and new spores are formed [78].

Management of Nosema Disease:

Fumagillin Treatment: Historically, the antibiotic fumagillin was commonly used to treat
Nosema disease. It can be effective in reducing the severity of the infection. However, there
are concerns about antibiotic resistance and its impact on the environment [79].

Probiotic Supplementation: Some beekeepers use probiotic supplements containing
beneficial microorganisms to support honey bee gut health and potentially reduce the impact
of Nosema [80].

Hygienic Practices:Ensure clean and dry hives: Proper hive maintenance can help reduce the
spread of Nosema spores [81].

Avoid stressors: Minimize stress on honey bee colonies, as stressed bees may be more
susceptible to Nosema infection [82].

Provide adequate nutrition: Well-nourished bees are better equipped to resist disease [83].

Bee Genetics: Breeding honey bee colonies for resistance to Nosema is a long-term strategy.
Some beekeepers work to select and propagate colonies with natural resistance [84].

Environmental Considerations:Proper hive ventilation can help reduce moisture levels, which
may inhibit Nosema development.Locate hives in areas with good sun exposure, as
ultraviolet (UV) light can help kill Nosema spores on surfaces [85].Regularly monitor your
hives for signs of Nosema infection. You can perform microscopic analysis of bee faces to
check for the presence of Nosema spores [86].

Table 2: Pests (insects, birds and mites) of Honeybees

S.No. | Common name Scientific name References
1 Greater Wax moth Galleria melonella [87]
2 Lesser Wax moth Achroiagrisella [103]
3 Death hawk moth Acherontiastyx [113]
4 Wasp [118]
(i) Yellow bander Vespa cincta
(if) Hunter Palerusorientalis




Small Hive Beetle Aethinatumida [124]

Asian green bee-eater Meropsorientalis [125]
Tracheal mite

(i) Endoparasitic mite Acarapiswoodi [127]
(i) Ectoparasitic mite Varroa destructor [130]

1. The greater wax moth

The greater wax moth (Galleria mellonella) has been identified as a significant threat to
honeybee colonies and bee products in various regions of tropical and sub-tropical Asia [87].
Its impact is particularly pronounced from July to October and November to December [88].
The damage inflicted by wax moths extends to a range of items, including empty combs,
rendered wax, comb foundation, and pollen collected by bees [89]. A nocturnal habitat, the
adult female wax moth infiltrates the hive under the cover of darkness, entering through
openings like the hive entrance or small crevices [90]. These secluded spots allow the female
to lay eggs directly onto combs or in narrow crevices, providing a shield against removal by
worker bees [91]. Each female of greater wax moth lay approximately 500eggs throughout its
life cycle.The larvae emerged from theeggs distribute in the hive and create nutrition tunnels
inhoneycomb [92].

Symptoms and Consequences

The larvae of the greater wax moth consume pollen, bee brood, and honey from the border of
open cells all the way to the middle of honeybee comb. Enormous web deposits left by
burrowing larvae result in galleries and subsequently colony absconding [93].

Management Practices:

Wax moth infestations pose a significant threat to both honeybee colonies and stored bee
products. Effective management practices can play a crucial role in mitigating the impact of
these pests. Here are some recommended strategies for both apiary and storage management
to prevent wax moth infestations [94]:

Apiary Management:

Weak colonies are more susceptible to wax moth infestations. To prevent this, consider
uniting two or three weaker colonies to form a stronger one [95].Wax moths often enter weak
colonies to lay eggs. Reduce the size of the hive entrance to make it easier for worker bees to
guard against intruders [96].Any openings, cracks, or crevices that could serve as entry points
for wax moths should be sealed off promptly. This will also deter other potential hive
predators from infiltrating [97]. Regularly clean the bottom board of debris to remove any
larvae or eggs that may be hiding there. Pay special attention to the joints of the bottom
board, as these can provide shelter for wax moth larvae [98].Infested combs should be
exposed to direct sunlight for 15-20 minutescan help eliminate wax moth larvae and eggs
[95].

Storage Management:



Use a water-soluble concentrate of Bacillus thuringiensis Serotype 7 to protect stored
combscan effectively deter wax moth infestations without affecting the quality of stored
honey [99].Stack empty combs in supers, leaving some empty space in the lowermost super.
This arrangement helps prevent moisture buildup and provides better ventilation, reducing the
likelihood of infestations [100]. Seal the stacked supers with a mixture of mud and dung to
create an airtight environment. This barrier prevents wax moths from accessing the combs
[101]. Fumigate empty combs with sulfur powder at a rate of 230g/m3. Afterward, ensure
proper sealing. Sulfur fumigation is an effective method for eliminating all life stages of wax
moths [99]. Store empty combs at low temperatures (0 to -10°C) either permanently or for a
duration of around 5 hours. Cold temperatures are lethal to wax moth stages and can help
ensure the safety of stored combs [102].

2. The lesser wax moth

The lesser wax moth (Achroiagrisella) stands in contrast to its larger counterpart, the greater
wax moth, in terms of size and appearance [103]. While its size is typically smaller, the
greater wax moth can appear dwarfed due to inadequate nourishment during its larval stage.
The adult lesser wax moth boasts a silver-grey hue, complemented by a distinctive yellow
head [104]. Characterized by its delicate build, adult females measure approximately 13-16
mm in length, while their male counterparts reach around 10 mm [105]. A brief lifespan of
about seven days characterizes the adult female, during which she can lay between 250 to 300
eggs [106].Intrusion by the lesser wax moth typically targets weaker honeybee colonies. The
larvae of this species exhibit a preference for dark comb, often favoring cells containing
pollen or brood [107]. Notably, these larvae frequently occupy the bottom board amidst the
accumulation of wax debris.The lesser wax moth larvae exhibit an intriguing behavior,
forming small canals at the bases of brood cells [108].

Management Practices:
Here are some management strategies to control the lesser wax moth:

Maintain Strong Colonies:Strong, healthy honey bee colonies are better equipped to defend
against wax moth infestations. Ensure that your colonies have a sufficient population of
worker bees and a productive queen [109].

Regular Hive Inspections:Conduct frequent hive inspections to check for signs of lesser wax
moth infestations. Look for adult moths, larvae, or webbing in the hive [106].

Proper Hive Ventilation:Maintain good hive ventilation to prevent moisture buildup, as wax
moths are more likely to infest hives with high humidity. Adequate ventilation helps keep the
hive dry and less attractive to wax moths [110].

Hive Hygiene:Keep your beehives clean and free of debris. Remove any old, damaged, or
unused comb from the hive, as these are attractive to wax moths for egg-laying [111].

Freezing or Heating Frames: Frames with wax moth larvae or eggs can be frozen or heated
to Kkill the pests. At high temperatures (29°C-35°C), greater and lesser wax moth eggs emerge
rapidly, but at cold temperatures (18°C), they develop more slowly, taking roughly 30 days.



In extreme cold (at or below 0°C for 4.5 hours) or excessive heat (at or above 46°C for 70
minutes), eggs cannot survive [112].

3. Death hawk moth (Acherontiastyx)

Acherontiastyx, commonly known as the "Lesser Death's Head Hawkmoth," is a large and
distinctive moth species found in parts of Asia, including India [113]. This moth, along with
its close relative, the "Greater Death's Head Hawkmoth™ (Acherontiaatropos), has been
associated with honey bee colonies and has gained some notoriety for its interactions with
bees. Acherontiastyx can affect bees via following ways:

Mimicry of Bee Sounds:Acherontiastyx has developed a unique adaptation to access honey
bee hives. It can mimic the sounds made by worker bees by vibrating its flight muscles. This
mimicry allows the moth to enter the hive without arousing the suspicion of guard bees [114].

Predation on Bee Brood: Once inside a honey bee hive, Acherontiastyx primarily targets bee
brood, including developing larvae and pupae. It consumes the bee brood as a source of food
[115].

Pest Management

While the presence of Acherontiastyx in a honey bee colony can be a concern for beekeepers,
it is not typically considered a major threat compared to other pests like Varroa mites or wax
moths. Beekeepers often use various management strategies to reduce the likelihood of moth
infestations, such as hive inspections and the removal of excess comb. In some regions,
Acherontiastyx has natural predators, such as birds and other insects, which can help control
its population in the wild [116].

4. Predatory wasps

Honeybee colonies can be targeted and attacked by various species of wasps, which can pose
a significant threat to the health and survival of the bee colony. Some harmful wasps that
commonly attack honeybees include [117]:

Yellow Jackets (Vespula spp.): Yellow jackets are social wasps that are known to be
aggressive predators of honeybees. They are attracted to the sugary foods in the hive, such as
honey and nectar, and can infiltrate bee colonies to capture and kill worker bees and raid
honey stores [118].

Hornets (Vespa spp.): Certain hornet species, like the Asian giant hornet (Vespa mandarinia),
are formidable predators of honeybees. They can decimate entire colonies by capturing and
consuming worker bees, especially during late summer and early fall [119].

Paper Wasps (Polistes spp.): Paper wasps are less aggressive toward honeybees compared to
yellow jackets and hornets. However, they can be occasional predators and may take
advantage of weakened bee colonies [120].

Bald-Faced Hornets (Dolichovespulamaculata): These large, black and white hornets are
known to attack honeybee colonies, especially during the late summer and early autumn
when their own colonies are established. They feed on worker bees and honey stores [121].



Impact on Honeybee Colonies:

Wasps capture and kill worker bees, reducing the population of foragers and nurse bees in the
colony.Wasps can raid honey and nectar stores, depleting the colony's food reserves and
leaving the bees vulnerable to starvation.Frequent wasp attacks can stress honeybee colonies
and lead to a decline in their overall health and productivity [122].

Management Tactics:

Reducing the size of hive entrances can make it more challenging for wasps to enter the hive
and protect against intruders.Hanging wasp traps near the apiary can help capture and reduce
the number of predatory wasps in the area.Some beekeepers use screens or netting to
physically block wasp access to hives.Regular hive inspections can help beekeepers detect
and address wasp threats early.Maintaining healthy, strong colonies can enhance the bees'
ability to defend themselves against wasp attacks [123].

5. Small Hive Beetle (Aethinatumida): This pest lays its eggs in beehives and feeds on
honey, pollen, and brood. Infestations can result in the destruction of comb and stored food,
leading to colony collapse [124].

Management Tactics:

Placing traps with oil or diatomaceous earth to capture and kill adult beetles.Maintaining
strong colonies, reducing empty spaces, and regularly inspecting and cleaning hives to limit
beetle hiding spots [124].

6. Asian green bee-eater (Meropsorientalis)

The Asian green bee-eater (Meropsorientalis) is indeed known for its diet of bees, but it
primarily preys on a variety of flying insects, including bees, wasps, dragonflies, butterflies,
and other flying insects [125]. While honey bees are part of their diet, they do not exclusively
feed on honey bees.These colorful birds are skilled aerial hunters, capable of catching their
prey in mid-air using their sharp bills.

7. Tracheal mites

Various species of honeybees are affected by two types tracheal mites, namely endo-parasitic
mite (Acarapiswoodi)and ectoparasitic mite (Varroa destructor) [126].

Endoparasitic mite (Acarapiswoodi)

In the middle of the 1980s, South Carolina was the first place where tracheal mites, parasites
of the honey bee, were found. Since then, the mite has spread to every part of the the nations,
destroying numerous bee hives [127]. On the Isle of Wight in the English Channel, tracheal
mites (Acarapiswoodi) were first found in 1919 and were initially thought to be the source of
the Isle of Wight disease, which resulted in significant colony losses [128]. Tracheal mites
live their whole life cycle inside the tracheae (breathing tubes) of adult honey bees. They can
be as small as 1.5 times the width of a human hair. In the bees' respiratory system, where the
development cycle takes place, female mites deposit solitary eggs [129].



Ectoparasitic mite (Varroa destructor)

The small reddish-brown Varroa mites (Varroa destructor and V. jacobsoni) are external
parasites of honey bees [130]. Although Varroa mites may consume and live on adult honey
bees, they mostly feed and multiply on the larvae and pupae in the developing brood,
weakening honey bees and transferring a number of viral infections [131]. Heavy Varroa mite
infections can accumulate over 3—4 years and result in scattered brood, crippled and crawling
honey bees, decreased flying ability, shortened lifespans, and worker bees that are
significantly underweight [132].

Management Tactics:

Implement an integrated approach to tracheal mites’ management, combining multiple
strategies to reduce mite populations while minimizing the use of chemicals [133]. Regularly
monitor mite levels in your bee colonies. Keep your hives clean and well-ventilated [134].
Replace old and infested comb, as Varroa mites can hide in wax and debris. Various
monitoring methods are available, including alcohol washes, sugar rolls, sticky boards, and
drone brood sampling [135]. If mite infestations are severe and other methods have proven
ineffective, chemical treatments may be necessary [136]. At certain temperatures, the
fumigant activity of menthol crystals destroys tracheal mites without causing harm to the
bees. Hives are maintained at a constant temperature of 35 °C, which is an ideal temperature
for pathogen proliferation and mold growth [137]. The crystals begin to evaporate at around
70°F and melt into a liquid at between 102°F and 105°F. The best evaporation rate happens
between 80° and 85°F because the vapors are heavier than air.Approved treatments include
oxalic acid, formic acid, thymol, and various miticides [138].

Conclusion

Honeybees (Apis spp.) are crucial for global agriculture as pollinators. However, they face
threats from pests and diseases. This review discusses major threats like Varroa mites and
their management through chemical treatments, integrated pest management, and organic
methods. It also covers the small hive beetle, managed with hive manipulation and traps.
Wax moths are addressed with hive maintenance and traps. Nosema infections are discussed,
with solutions like hive hygiene and genetic selection. A holistic approach, informed by
research, is essential for honeybee colony resilience and global food security.

References

1. Wojcik, V. (2021). Pollinators: Their evolution, ecology, management, and
conservation. Arthropods: Are They Beneficial for Mankind, 1-22.

2. Genersch, E. (2010). Honey bee pathology: current threats to honey bees and
beekeeping. Applied microbiology and biotechnology, 87, 87-97.

3. Bianco, M., Cooper, J., & Fournier, M. (2014). Honey bee population decline in
Michigan: causes, consequences, and responses to protect the state’s agriculture and
food system. Michigan Journal of Public Affairs, 11, 4-26.



10.

11.

12.

13.

14.

15.

16.

17.

18.

Suryanarayanan, S., & Kleinman, D. L. (2013). Be (e) coming experts: The
controversy over insecticides in the honey bee colony collapse disorder. Social
Studies of Science, 43(2), 215-240.

Evans, J. D., & Schwarz, R. S. (2011). Bees brought to their knees: microbes affecting
honey bee health. Trends in microbiology, 19(12), 614-620.

Ebeling, J., Finfhaus, A., &Gisder, S. (2022). Honey Bee Pathogens and
Parasites. Veterinary Sciences, 9(10), 515.

Holt, H. L. (2015). Honey Bees and Intestinal Disease: Molecular, Physiological and
Behavioral Responses of Honey Bees (Apis mellifera) to Infection with
Microsporidian Parasites. The Pennsylvania State University.

Wakgari, M., &Yigezu, G. (2021). Honeybee keeping constraints and future
prospects. Cogent Food & Agriculture, 7(1), 1872192.

Klein, A. M., Boreux, V., Fornoff, F., Mupepele, A. C., &Pufal, G. (2018). Relevance
of wild and managed bees for human well-being. Current Opinion in Insect
Science, 26, 82-88.

Dickel, F., Bos, N. M. P., Hughes, H., Martin-Hernandez, R., Higes, M., Kleiser, A.,
&Freitak, D. (2022). The oral vaccination with Paenibacillus larvae bacterin can
decrease susceptibility to American Foulbrood infection in honey bees—A safety and
efficacy study. Frontiers in Veterinary Science, 9.

Chauzat, M. P., Jacques, A., Laurent, M., Bougeard, S., Hendrikx, P., &Ribiére-
Chabert, M. (2016). Risk indicators affecting honeybee colony survival in Europe:
one year of surveillance. Apidologie, 47, 348-378.

Skyrm, K., Garcia-Andersen, N., Reed, M., Potter, T. H., Decker, B., & Lund, J.
(2021). Working with State and Provincial Apiary Programs to Manage Honey Bee
(Apis mellifera) Health. Veterinary Clinics: Food Animal Practice, 37(3), 467-478.
Yue, D., Nordhoff, M., Wieler, L. H., &Genersch, E. (2008). Fluorescence in situ
hybridization (FISH) analysis of the interactions between honeybee larvae and
Paenibacillus larvae, the causative agent of American foulbrood of honeybees (Apis
mellifera). Environmental microbiology, 10(6), 1612-1620.

Bikaun, J. M., Bates, T., Bollen, M., Flematti, G. R., Melonek, J., Praveen, P., &
Grassl, J. (2022). Volatile biomarkers for non-invasive detection of American
foulbrood, a threat to honey bee pollination services. Science of The Total
Environment, 845, 157123.

Ratnieks, F. L. (1992). American foulbrood: the spread and control of an important
disease of the honey bee. Bee World, 73(4), 177-191.

Schild, H. A., Fuchs, S. W., Bode, H. B., & Griinewald, B. (2014). Low-molecular-
weight metabolites secreted by Paenibacillus larvae as potential virulence factors of
American foulbrood. Applied and environmental microbiology, 80(8), 2484-2492.
Behrens, D., & Moritz, R. F. (2014). QTL-mapping of individual resistance against
American  foulbrood in  haploid  honeybee  drone larvae  (Apis
mellifera). Apidologie, 45, 409-417.

Genersch, E. (2017). Foulbrood diseases of honey bees—from Science to
Practice. Beekeeping—From Science to Practice, 157-174.



19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Matovi¢, K., Zarkovié, A., Debeljak, Z., Vidanovi¢, D., Vaskovi¢, N., TeSovi¢, B.,
&Ciri¢, J. (2023). American Foulbrood—Old and Always New Challenge. Veterinary
Sciences, 10(3), 180.

Mutinelli, F. (2011). The spread of pathogens through trade in honey bees and their
products (including queen bees and semen): overview and recent
developments. Revue Scientifique et Technique-OIE, 30(1), 257.

Locke, B., Low, M., & Forsgren, E. (2019). An integrated management strategy to
prevent outbreaks and eliminate infection pressure of American foulbrood disease in a
commercial beekeeping operation. Preventive veterinary medicine, 167, 48-52.
Williams, D. L. (2000). A veterinary approach to the European honey bee (Apis
mellifera). The Veterinary Journal, 160(1), 61-73.

Phillips, C. (2014). Following beekeeping: More-than-human practice in
agrifood. Journal of Rural Studies, 36, 149-159.

Tufa, T. B., Gurmu, F., Beyi, A. F., Hogeveen, H., Beyene, T. J,, Ayana, D., ... &
Stegeman, J. A. (2018). Veterinary medicinal product usage among food animal
producers and its health implications in Central Ethiopia. BMC veterinary
research, 14, 1-7.

Gregorc, A. (2019). Breeding Better and Healthy Honey Bees is the Only Way to
Save A Native Biodiversity. In Phylogenetics of Bees (pp. 178-205). CRC Press.
Spivak, M., & Reuter, G. S. (2001). Resistance to American foulbrood disease by
honey bee colonies Apis mellifera bred for hygienic behavior. Apidologie, 32(6), 555-
565.

Borum, A. E. (2022). Biosecurity and good beekeeping practices in
beekeeping. Uludag AricilikDergisi, 22(2), 246-276.

Croppi, S., Yu, L., Robinette, C. S., Hassler, E. E., Newmark, A. J., Scott, A, ... &
Formato, G. (2021). Impact of Legislation on Antibiotic Use and Awareness of
Beekeepers. Journal of Apicultural Science, 65(2), 265-277.

Forsgren, E. (2010). European foulbrood in honey bees. Journal of invertebrate
pathology, 103, S5-S9.

Grossar, D., Kilchenmann, V., Forsgren, E., Charriere, J. D., Gauthier, L., Chapuisat,
M., &Dietemann, V. (2020). Putative determinants of virulence in
Melissococcusplutonius, the bacterial agent causing European foulbrood in honey
bees. Virulence, 11(1), 554-567.

Reybroeck, W., Daeseleire, E., De Brabander, H. F., & Herman, L. (2012).
Antimicrobials in beekeeping. Veterinary microbiology, 158(1-2), 1-11.

Lewkowski, O., & Erler, S. (2019). Virulence of Melissococcusplutonius and
secondary invaders associated with European foulbrood disease of the honey
bee. MicrobiologyOpen, 8(3), e00649.

Goodman, R., McKee, B., & Kaczynski, P. understanding control measures for
European Foulbrood.

Sarwar, M. (2016). Challenges due to bacterial infections of the honey bees and
contributions to manage pest problems. 1JER, 1, 4-10.



35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49,

50.

Mumoki, F. N., Fombong, A., Muli, E., Masiga, D., & Muigai, A. W. T. (2014). An
inventory of documented diseases of African honeybees. African Entomology, 22(3),
473-487.

Murray, S. K., Kurkul, C. M., Mularo, A. J., Hale, V. L., Adams, R. M., & Johnson,
R. M. (2023). Antibacterial effects of propolis and brood comb extracts on the
causative agent of European Foulbrood (Melissococcusplutonius) in honey bees (Apis
mellifera). Journal of Apicultural Research, 1-10.

Sarwar, M. (2016). Challenges due to bacterial infections of the honey bees and
contributions to manage pest problems. 1JER, 1, 4-10.

Li, J. H., Evans, J. D., Li, W. F., Zhao, Y. Z., DeGrandi-Hoffman, G., Huang, S. K,
... & Chen, Y. P. (2017). New evidence showing that the destruction of gut bacteria by
antibiotic treatment could increase the honey bee’s vulnerability to Nosema
infection. PloS one, 12(11), e0187505.

Payne, C. J., Turnbull, J. F., MacKenzie, S., & Crumlish, M. (2021). Investigating the
effect of an oxytetracycline treatment on the gut microbiome and antimicrobial
resistance gene dynamics in Nile Tilapia (Oreochromis niloticus). Antibiotics, 10(10),
1213.

Daisley, B. A. (2021). Microbial innovations for disease management in honey
bees (Doctoral dissertation, The University of Western Ontario (Canada).

Gupta, R. K., Glenn, T., & Glenn, S. (2014). Genetics and selection of bees: Breeding
for healthy and vigorous honeybees. In Beekeeping for Poverty Alleviation and
Livelihood Security (pp. 247-280). Springer, Dordrecht.

Rivera-Gomis, J., Bubnic, J., Ribarits, A., Moosbeckhofer, R., Alber, O., Kozmus, P.,
... & Formato, G. (2019). Good farming practices in apiculture. Revue Scientifique Et
Technique-Office International Des Epizooties, 38(3), 1-27.

Borum, A. E. (2022). Biosecurity and good beekeeping practices in
beekeeping. Uludag AricilikDergisi, 22(2), 246-276.

Sun, L., Zhang, X., Xu, S., Hou, C., Xu, J., Zhao, D., & Chen, Y. (2021). Antiviral
activities of a medicinal plant extract against sacbrood virus in honeybees. Virology
Journal, 18(1), 1-10.

Li, M., Fei, D., Sun, L., & Ma, M. (2019). Genetic and phylogenetic analysis of
Chinese sacbrood virus isolates from Apis mellifera. PeerJ, 7, e8003.

Li, A., Wang, Q., Huang, Y., Hu, L., Li, S., Wang, Q., ... & Feng, S. (2023). Can egg
yolk antibodies terminate the CSBV infection in apiculture?. Virus research, 328,
199080.

Desai, S. (2012). The potential impact of pathogens on honey bee, Apis mellifera L.,
colonies and possibilities for their control.

Suwannapong, G., Benbow, M. E., & Nieh, J. C. (2012). Biology of Thai honeybees:
natural history and threats.

Shimanuki, H., Knox, D., Furgala, B., Caron, D., & Williams, J. (1980). Diseases and
pests of honey bees. Beekeeping in the United States. Agriculture Handbook, 335,
118-128.

Coffey, M. F. (2007). Parasites of the Honeybee. Teagasc, Crops Research Centre,
Oak Park, Carlow, 81.



51.

52.

53.

54,

55.

56.

S7.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Sanford, M. T. (1987). Diseases and pests of the honey bee. University of Florida
Cooperative Extension Service, Institute of Food and Agriculture Sciences, EDIS.
Mutinelli, F. (2011). The spread of pathogens through trade in honey bees and their
products (including queen bees and semen): overview and recent
developments. Revue Scientifique et Technique-OIE, 30(1), 257.

Pasho, D. J., Applegate, J. R., & Hopkins, D. I. (2021). Diseases and pests of honey
bees (Apis mellifera). Veterinary Clinics: Food Animal Practice, 37(3), 401-412.
RasSovi¢, M. B. (2022). The importance of applying good beekeeping practice in the
production of beekeeping products in montenegro. Journal of Hygienic Engineering
& Design, 38.

Hopkins, D. I., & Keller, J. J. (2021). Honey bee diagnostics. Veterinary Clinics:
Food Animal Practice, 37(3), 427-450.

Tarpy, D. R., Lengerich, E. J.,, & Pettis, J. S. (2013). Idiopathic brood disease
syndrome and queen events as precursors of colony mortality in migratory beekeeping
operations in the eastern United States. Preventive veterinary medicine, 108(2-3),
225-233.

Roy, C., Vidal-Naquet, N., & Provost, B. (2015). A severe sacbrood virus outbreak in
a honeybee (Apis mellifera L.) colony: a case report. Veterinarnimedicina, 60(6), 330.
Amiri, E., Strand, M. K., Rueppell, O., & Tarpy, D. R. (2017). Queen quality and the
impact of honey bee diseases on queen health: potential for interactions between two
major threats to colony health. Insects, 8(2), 48.

Le Conte, Y., Meixner, M. D., Brandt, A., Carreck, N. L., Costa, C., Mondet, F.,
&Biichler, R. (2020). Geographical distribution and selection of European honey bees
resistant to Varroa destructor. Insects, 11(12), 873.

Roth, M. A., Wilson, J. M., Tignor, K. R., & Gross, A. D. (2020). Biology and
management of Varroa destructor (Mesostigmata: Varroidae) in Apis mellifera
(Hymenoptera: Apidae) colonies. Journal of Integrated Pest Management, 11(1), 1.
Tantillo, G., Bottaro, M., Di Pinto, A., Martella, V., Di Pinto, P., & Terio, V. (2015).
Virus infections of honeybees Apis mellifera. Italian journal of food safety, 4(3).
Dolezal, A. G., & Toth, A. L. (2018). Feedbacks between nutrition and disease in
honey bee health. Current opinion in insect science, 26, 114-119.

Higes, M., Martin- Hernandez, R., Botias, C., Baildn, E. G., Gonzélez- Porto, A. V.,
Barrios, L., ... & Meana, A. (2008). How natural infection by Nosema ceranae causes
honeybee colony collapse. Environmental microbiology, 10(10), 2659-2669.

Jensen, A. B., Aronstein, K., Flores, J. M., Vojvadic, S., Palacio, M. A., & Spivak, M.
(2013). Standard methods for fungal brood disease research. Journal of apicultural
research, 52(1), 1-20.

Gilliam, M., Taber Ill, S., Lorenz, B. J., & Prest, D. B. (1988). Factors affecting
development of chalkbrood disease in colonies of honey bees, Apis mellifera, fed
pollen contaminated with Ascosphaeraapis. Journal of Invertebrate Pathology, 52(2),
314-325.

Yoder, J. A., Nelson, B. W., Jajack, A. J., & Sammataro, D. (2017). Fungi and the
effects of fungicides on the honey bee colony. Beekeeping—From science to practice,
73-90.



67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Rohrbach, K. G., & Johnson, M. W. (2003). Pests, diseases and weeds. In The
pineapple: botany, production and uses (pp. 203-251). Wallingford UK: CABI
publishing.

Jensen, A. B., Aronstein, K., Flores, J. M., Vojvodic, S., Palacio, M. A., & Spivak, M.
(2013). Standard methods for fungal brood disease research. Journal of apicultural
research, 52(1), 1-20.

Ballenger, J. (2014). Are Neonicotinoids the Sole Factor Responsible for Colony
Collapse Disorder?. Biology Fortified, June, 5.

Seyedmousavi, S., Guillot, J., Arné, P., De Hoog, G. S., Mouton, J. W., Melchers, W.
J., & Verweij, P. E. (2015). Aspergillus and aspergilloses in wild and domestic
animals: a global health concern with parallels to human disease. Medical
mycology, 53(8), 765-797.

Foley, K., Fazio, G., Jensen, A. B., & Hughes, W. O. (2014). The distribution of
Aspergillus spp. opportunistic parasites in hives and their pathogenicity to honey
bees. Veterinary Microbiology, 169(3-4), 203-210.

Vojvodic, S., Jensen, A. B., James, R. R., Boomsma, J. J., & Eilenberg, J. (2011).
Temperature dependent virulence of obligate and facultative fungal pathogens of
honeybee brood. Veterinary microbiology, 149(1-2), 200-205.

Jensen, A. B., Aronstein, K., Flores, J. M., Vojvodic, S., Palacio, M. A., & Spivak, M.
(2013). Standard methods for fungal brood disease research. Journal of apicultural
research, 52(1), 1-20.

Galajda, R., Valencdkova, A., Sucik, M., &Kandracova, P. (2021). Nosema disease of
European honey bees. Journal of Fungi, 7(9), 714.

Le Conte, Y. &Navajas, M. (2008). Climate change: impact on honey bee
populations and diseases. Revue Scientifique et Technique-Office International des
Epizooties, 27(2), 499-510.

Rubanov, A., Russell, K. A., Rothman, J. A., Nieh, J. C., & McFrederick, Q. S.
(2019). Intensity of Nosema ceranae infection is associated with specific honey bee
gut bacteria and weakly associated with gut microbiome structure. Scientific
reports, 9(1), 3820.

Akratanakul, P. (1987). Honeybee diseases and enemies in Asia: a practical
guide (Vol. 5, No. 68). Food & Agriculture Org.

Usta, C. (2013). Microorganisms in biological pest control—a review (bacterial toxin
application and effect of environmental factors). Current progress in biological
research, 13, 287-317.

Williams, G. R., Shutler, D., Little, C. M., Burgher-Maclellan, K. L., & Rogers, R. E.
(2011). The microsporidian Nosema ceranae, the antibiotic Fumagilin-B®, and
western honey bee (Apis mellifera) colony strength. Apidologie, 42, 15-22.

Borges, D., Guzman-Novoa, E., & Goodwin, P. H. (2021). Effects of prebiotics and
probiotics on honey bees (Apis mellifera) infected with the microsporidian parasite
Nosema ceranae. Microorganisms, 9(3), 481.

Borum, A. E. (2022). Biosecurity and good beekeeping practices in
beekeeping. Uludag AricilikDergisi, 22(2), 246-276.



82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

Goulson, D., Nicholls, E., Botias, C., &Rotheray, E. L. (2015). Bee declines driven by
combined stress from parasites, pesticides, and lack of flowers. Science, 347(6229),
1255957.

Sands, D. C., Morris, C. E., Dratz, E. A., &Pilgeram, A. L. (2009). Elevating optimal
human nutrition to a central goal of plant breeding and production of plant-based
foods. Plant Science, 177(5), 377-389.

Brosi, B. J., Delaplane, K. S., Boots, M., & de Roode, J. C. (2017). Ecological and
evolutionary approaches to managing honeybee disease. Nature ecology &
evolution, 1(9), 1250-1262.

Murphy, F. E., Popovici, E., Whelan, P., & Magno, M. (2015, May). Development of
an heterogeneous wireless sensor network for instrumentation and analysis of
beehives. In 2015 IEEE International Instrumentation and Measurement Technology
Conference (12MTC) Proceedings (pp. 346-351). IEEE.

Wolf, S., McMahon, D. P., Lim, K. S,, Pull, C. D., Clark, S. J., Paxton, R. J., &
Osborne, J. L. (2014). So near and yet so far: harmonic radar reveals reduced homing
ability of Nosema infected honeybees. Plos one, 9(8), €103989.

Kwadha, C. A., Ong’amo, G. O., Ndegwa, P. N., Raina, S. K., &Fombong, A. T.
(2017). The biology and control of the greater wax moth, Galleria
mellonella. Insects, 8(2), 61.

Mandal, S., & Vishwakarma, R. (2016). Population dynamics of greater wax moth
(Galleria mellonella L.) infesting Apis mellifera |. combs during dearth period. The
Ecoscan (Special Issue), 9, 93-98.

Kishan Tej, M., Aruna, R., Mishra, G., & Srinivasan, M. R. (2017). Beekeeping in
India. Industrial entomology, 35-66.

Shimanuki, H. (1967). Brood diseases of honey bees. SE McGregor et al. Beekeeping
in the United States. Agric. Res. Serv. USDA, Agric. Handb, 335, 86-92.

Sarwar, M. (2016). Insect pests of honey bees and choosing of the right management
strategic plan. International Journal of Entomology Research, 1(2), 16-22.

Coskun, M., Kayis, T., Sulanc, M., &Ozalp, P. (2006). Effects of different
honeycomb and sucrose levels on the development of greater wax moth Galleria
mellonella larvae. International Journal of Agriculture and Biology, 8(6), 855-858.
Desai, A. V., Siddhapara, M. R., Patel, P. K., & Prajapati, A. P. (2019). Biology of
greater wax moth, Galleria mellonella. On artificial diet. J Exp Zool India, 22(2),
1267-1272.

Kwadha, C. A., Ong’amo, G. O., Ndegwa, P. N., Raina, S. K., &Fombong, A. T.
(2017). The biology and control of the greater wax moth, Galleria
mellonella. Insects, 8(2), 61.

Kaundil, P., & Thakur, R. K. (2020). Chapter-2 Pests of Honeybees and Their
Management. Advances, 11.

Sarwar, M. (2016). Insect pests of honey bees and choosing of the right management
strategic plan. International Journal of Entomology Research, 1(2), 16-22.

Ellis, J. D., & Hepburn, H. R. (2006). An ecological digest of the small hive beetle
(Aethinatumida), a symbiont in honey bee colonies (Apis mellifera). Insectessociaux,
53, 8-109.



98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

Hopkins, D. 1., & Keller, J. J. (2021). Honey bee diagnostics. Veterinary Clinics:
Food Animal Practice, 37(3), 427-450.

Kumar, A., Sharma, H., Shakeb, A., & Joshi, M. (2022). Environmental
Sustainability: An Emerging Concept. International Year of Millets 2023, 29.

Buchler, R., Andonov, S., Bienefeld, K., Costa, C., Hatjina, F., Kezic, N., ... & Wilde,
J. (2013). Standard methods for rearing and selection of Apis mellifera
queens. Journal of Apicultural Research, 52(1), 1-30.

Mulder, V., Beetsma, J., &Sommeijer, R. (1997). Beekeeping in the tropics (pp. 6-
15). The Netherlands: Agromisa.

Egelie, A. A., Mortensen, A. N., Barber, L., Sullivan, J., & Ellis, J. D. (2015). Lesser
Wax Moth Achroiagrisella Fabricius (Insecta: Lepidoptera: Pyralidae):
EENY637/IN1108, 11/2015. EDIS, 2015(9), 4-4.

Ali, S. S., Elsamahy, T., Zhu, D., & Sun, J. (2023). Biodegradability of polyethylene
by efficient bacteria from the guts of plastic-eating waxworms and investigation of its
degradation mechanism. Journal of Hazardous Materials, 443, 130287.

Tucker, K. W. (1978). Honey bee pests, predators, and diseases (Vol. 410, p. 411).
Cornell University Press, Ithaca, NY.

Dale, D. (1994). Insect pests of the rice plant-their biology and ecology. Biology and
management of rice insects, 438, 442.

Ellis, J. D., Graham, J. R., & Mortensen, A. (2013). Standard methods for wax moth
research. Journal of Apicultural Research, 52(1), 1-17.

Ellis, J. D. (2003). The ecology and control of small hive beetles (Aethinatumida
Murray). InsectesSociaux, 50, 286-291.

Gilliam, M. (1997). Identification and roles of non-pathogenic microflora associated
with honey bees. FEMS microbiology letters, 155(1), 1-10.

Sarwar, M. (2016). Insect pests of honey bees and choosing of the right management
strategic plan. International Journal of Entomology Research, 1(2), 16-22.
Sammataro, D., & Auvitabile, A. (1998). The beekeeper's handbook. Cornell
University Press.

Wakgari, M., &Yigezu, G. (2021). Honeybee keeping constraints and future
prospects. Cogent Food & Agriculture, 7(1), 1872192.

WILLIAMS, J L (1997) Insects: Lepidoptera (moths). In R Morse; K Flottum (Eds).
Honey bee pests, predators, and diseases. The Al Root Company; Ohio, USA. pp.
121-141.

Bangpai, M., Bumroongsook, S., &Tigvattananont, S. (2017). Acherontiastyxstyx:
The Lesser Death's Head Hawkmoth. International Journal of Agricultural
Technology, 3(7.1), 1183-1190.

Kitching, 1. (2006). The biology of death’s head hawkmoths, lepidopteran
kleptoparasites of honey bees. Natural History Museum.

Moulds, M., Tuttle, J., & Lane, D. (2020). Hawkmoths of Australia: identification,
biology and distribution (\Vol. 13). Csiro Publishing.

El-Niweiri, M. A., & Satti, A. A. (2008, July). Status quo of honeybee (Apis mellifera
L.) pests and diseases in Sudan. InThe 23rd International Congress of
Entomology (pp. 6-12).



117.

118.

119.

120.

121.

122.

123.

124,

125.

126.

127.

128.

129.

130.

131.

132.

133.

Cappa, F., Cini, A., Bortolotti, L., Poidatz, J., & Cervo, R. (2021). Hornets and honey
bees: A coevolutionary arms race between ancient adaptations and new invasive
threats. Insects, 12(11), 1037.

Wilson, E. E., & Holway, D. A. (2010). Multiple mechanisms underlie displacement
of solitary Hawaiian Hymenoptera by an invasive social wasp. Ecology, 91(11), 3294-
3302.

Dong, S., Sun, A., Tan, K., & Nieh, J. C. (2022). Identification of giant hornet VVespa
mandarinia queen sex pheromone components. Current Biology, 32(5), R211-R212.
Monceau, K., Bonnard, O., &Thiéry, D. (2014). Vespa velutina: a new invasive
predator of honeybees in Europe. Journal of pest science, 87(1), 1-16.

Stein, K. J. (1990). A study of factors affecting queen survival, nest initiation, and nest
development in the baldfaced hornet Dolichovespulamaculata (L.)(Hymenoptera:
Vespidae) (Doctoral dissertation, Virginia Tech).

Chadwick, F., Fitzmaurice, B., Alton, S., & Earl, J. (2016). The Bee Book: The
Wonder of Bees—How to Protect them—Beekeeping Know-how. Dorling Kindersley
Ltd.

Mattila, H. R., Otis, G. W., Nguyen, L. T., Pham, H. D., Knight, O. M., & Phan, N. T.
(2020). Honey bees (Apiscerana) use animal feces as a tool to defend colonies against
group attack by giant hornets (Vespa soror). PLoS One, 15(12), e0242668.

Neumann, P., Pettis, J. S., & Schafer, M. O. (2016). Quo vadisAethinatumida?
Biology and control of small hive beetles. Apidologie, 47, 427-466.

Toureng, C. H. R. . S. T. O. P. H. E., Khassim, A., Sawaf, M. O. A. Z., Shuriqgi, M.
K., Smart, E. M. M. A, Ziolkowski, M. I. C. H. E. L. E., ... & Perry, L. I. S. A.
(2009). Characterisation of the Wadi Wurayah catchment basin, the first mountain
protected area in the United Arab Emirates. International Journal of Ecology and
Environmental Sciences, 35(4), 289-311.

Abrol, D. P., & Abrol, D. P. (2012). The problem of diseases in bees. Pollination
Biology: Biodiversity Conservation and Agricultural Production, 603-633.
Sammataro, D., Gerson, U., & Needham, G. (2000). Parasitic mites of honey bees:
life history, implications, and impact. Annual review of entomology, 45(1), 519-548.
Yoshiyama, M., & Kimura, K. (2018). Bee diversity and current status of beekeeping
in Japan. Asian Beekeeping in the 21st Century, 223-245.

Sammataro, D., de Guzman, L., George, S., Ochoa, R., & Otis, G. (2013). Standard
methods for tracheal mite research. Journal of Apicultural Research, 52(4), 1-20.
Chauhan, A., Dabhi, M., & Patnaik, R. (2021). Review on Varroa mite: An invasive
threat to apiculture industry. J. Entomol. Zool. Stud, 9, 535-539.

Kang, Y., Blanco, K., Davis, T., Wang, Y., &DeGrandi-Hoffman, G. (2016). Disease
dynamics of honeybees with Varroa destructor as parasite and virus
vector. Mathematical biosciences, 275, 71-92.

Rosenkranz, P., Aumeier, P., & Ziegelmann, B. (2010). Biology and control of Varroa
destructor. Journal of invertebrate pathology, 103, S96-S119.

Jack, C. J., & Ellis, J. D. (2021). Integrated pest management control of Varroa
destructor (Acari: Varroidae), the most damaging pest of (Apis mellifera
L.(Hymenoptera: Apidae) colonies. Journal of Insect Science, 21(5), 6.



134.

135.

136.

137.

138.

Obbink, K. K., & Roth, J. A. (2021). Epidemiology and Biosecurity. Honey Bee
Medicine for the Veterinary Practitioner, 209-218.

Spivak, M., & Reuter, G. S. (2013). Honey Bee Diseases and Pests. Department of
Entomology and Minnesota Extension Service, University of Minnesota.

Le Conte, Y., Ellis, M., & Ritter, W. (2010). Varroa mites and honey bee health: can
Varroa explain part of the colony losses?. Apidologie, 41(3), 353-363.

Richards, E. D., Tell, L. A., Davis, J. L., Baynes, R. E., Lin, Z., Maunsell, F. P., ... &
Davidson, G. (2021). Honey bee medicine for veterinarians and guidance for avoiding
violative chemical residues in honey. Journal of the American Veterinary Medical
Association, 259(8), 860-873.

Tapia Brito, E. (2022). Application of phase change material heat storage device for
control of Varroa mites in beehives (Doctoral dissertation, University of Nottingham).



