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ABSTRACT 

Honey bees play a crucial role in supporting some of 

the most vital systems that sustain humans, including 

the pollination of plants that directly impact our ability 

to produce food. Alarmingly, the global population of 

honey bees has been steadily declining due to several 

factors. One of the biggest culprits is pests; not only do 

they agitate bees and disrupt their activity, but they 

have the ability to decimate bee colonies entirely. My 

research focuses on one type of pest: the small hive 

beetle. The literature suggests that addressing this 

specific problem is critical, as small hive beetles are 

one of the most harmful and menacing threats honey 

bees face today. The pests wreak havoc on honey bee 

colonies by contaminating their honey and puncturing 

honey brood cells. Current methods to combat small 

hive beetles include conducting frequent inspections of 

beehives and attaching beetle traps around them. Yet 

these practices are wholly inadequate, as bee colonies 

continue to be wiped out. In acknowledgment of the 

gravity of this issue and in hopes to better address it, I 

devised a multi-pronged solution to ensure effective 

and proper prevention of hive beetle entry into the 

beehive. In addition to installing small hive beetle 

traps, I propose to manipulate the brightness of the 

space where the beehives are kept, block small 

crevices using beeswax to prevent the entry of foreign 

substances, and distribute pollen patties in optimal 

locations.  

Keywords: small hive beetles, Africanized honey 

bees, European honey bees, infestation, guard bees, 

chemical control, inspection 

 

1. INTRODUCTION 

Over one-third of the total crop production in the 

United States is reliant upon pollinators, which are 

animals which transport pollen and pollen grains, 

enabling plant reproduction. Pollinators are vital to 

maintaining Earth’s ecosystems, by facilitating fruiting 

and reproduction for both agricultural and fiber crops. 

Underscoring their importance to food production, 

among the top 115 global food crops, approximately 

75% of them depend on pollinators, with 35% of the 

crop production around the globe being dependent on 

pollinators when considered by volume (Klein et al, 

2007). Although a number of animals can act as 

pollinators, including birds and bats, insects, 

specifically bees, are considered to be the most 

prominent in the global ecosystem, with the economic 

value of healthy bee activity estimated at 235–577 

billion dollars (Lautenbach,2012). It is difficult to 

underestimate the essential role that pollinators provide 

in ensuring adequate nutrition by sustaining the food 

supply chains around the world (Vanbergen, 2013). 

Insect pollination also plays important roles in 

propagating wild plant species, thus assisting in 

maintaining healthy ecosystems. For example, wild 

plant species such as hawthorn that provide essential 

winter forage for wildlife (Jacobs et al, 2009). As such, 

insect pollinators like bees are crucial to the 

maintenance of our ecosystem. However, there are a 

number of threats which bee populations currently 

face, including pests such as small hive beetles. This 

paper will investigate various methods to combat small 

hive beetles and speculate on which combination of 

methods would provide optimal protection for bee 

populations. 

2. HONEY BEE CRISIS 

Honey bees are primary pollinators that are responsible 

for pollinating roughly 80% of crops around the world. 

Although bees are vital to food production, honey bee 

hives have decreased by approximately 60% since the 

1940s, dropping from six million to around 2.5 million 

hives today. Although the United States experiences a 
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30-50% loss in bees during the winter months, there 

are several additional causes for the decline of bee 

populations (Bartuska, Ann, 2019). The rate of global 

bee decline can also be attributed to industrial 

agriculture, parasites, pathogens, climate change, loss 

of biodiversity, destruction of habitat, and lack of 

forage due to monocultures and toxic pesticides. These 

issues have contributed to colony collapse disorder, a 

phenomenon where the number of worker bees rapidly 

declines, leaving colonies at risk (Steinhauer, 2015-

2016).  

In particular, parasites pose a great threat to honey 

bees. There are two major types of parasites: varroa 

mites and small hive beetles. Varroa mites are of less 

concern, as there exist many means by which to 

control their population size and they only cause harm 

when beehive populations are not well controlled. 

Currently, some of the mite control methods are screen 

bottom board, green drone comb trapping, powdered 

sugar dusting, and breaking the Queen’s brood cycle 

control. However, beekeepers continue to struggle with 

controlling and preventing damage caused by small 

hive beetles due to high infestation rates, and their 

ability to cause to bee colony collapse (Spiewok, 

2007). In the present work, we will focus on potential 

methods of combating the detrimental effects caused 

by small hive beetles.  

3. BACKGROUND OF SMALL HIVE 

BEETLES 

3.1 Small Hive Beetle Characteristics 

The small hive beetle’s scientific name is Aethina 

tuimdda. Typically, small hive beetles can vary in 

color between reddish brown, dark brown or black. 

Adults will tend to tuck their heads beneath their 

thorax, such that their legs and antenna are not visible. 

The larvae of the small hive beetle grows to 

approximately half an inch in size and can appear 

golden or cream-colored. They can often be mistaken 

for the larvae of the greater wax moth (Galleria 

Mellonella) without close inspection of their 

appearance. Small hive beetle larvae also have several 

dorsal spines and three pairs of well-developed legs 

near the anterior. The larvae of the greater wax moth 

have four pairs of underdeveloped prolegs near the 

posterior, in addition to the three pairs of developed 

anterior legs. Although adult small hive beetles are 

significantly smaller than honey bees, at only 5-7 

millimeters, they are very strong fliers, allowing them 

to keep pace with honey bee swarms. Due to their size, 

small hive beetles are often found around on the 

frames or under the inner cover of the hive, allowing 

them to easily infiltrate honey bee hives. Adult small 

hive beetles are capable of detecting stressed honey 

bee colonies by smell from a distance of approximately 

13 to 16 kilometers. 

3.2 Migration of Small Hive Beetles 

Small hive beetles are native to sub-Saharan Africa, 

and migrate as individuals or with honey bee swarms 

(Spiewok, 2008). It is likely that small hive beetles 

migrated from Africa to the United States through 

cargo ships around the mid-1990s, having first been 

found at the US port city of Charleston, South Carolina 

in 1996 (Hood, 2000) before spreading to several other 

states including Florida, Georgia, and North Carolina 

by 1998. Small hive beetles have now spread to over 

30 states.  

The hive beetles infest most of the honey bee colonies 

found in their native area, but this is not a major issue 

in Africa. Hive beetles are not considered a major pest 

because Africanized honey bees are adept at removing 

beetle larva as part of their hygienic behaviors. 

Additionally, small hive beetles reproduce at low 

levels in Africa (Ouessou Idrissou, Straub, & 

Neumann, 2018), helping to prevent overwhelming 

infestation. Africanized honey bees open brood cells 

and remove the beetle larva and, therefore, are capable 

of managing hive beetles without external intervention. 

Furthermore, Africanized bees are also more 

aggressive than European bees, and thus are more 

likely to attack and decimate the intruding hive beetles. 

Africanized honey bees, also known as killer bees, are 

quite aggressive, and when provoked, send out 

enormous swarms of bees to defend the colony 

(Delaplane, 2006). In contrast, the majority of bees in 

the United States are European honey bees, which are 

selectively bred to be less aggressive for beekeepers’ 

convenience.  

There are vast differences in the social immunity traits 

between African and European honeybees. In contrast 

to the Africanized bees that respond to colony 

interruption swiftly and aggressively, European honey 

bees are more mild. In the United States, European 

honey bees are preferred in order to lessen the 

possibility of severe stings for the beekeepers, 

resulting in a more sustainable beekeeping industry 

and subsequent agricultural benefits (Collins, 1982). 

Consequently, unlike Africanized bees which remove 

small hive beetles and their larva, the less aggressive 

European honey bees chase adult beetles, but often 

ignore beetle larvae. This difference may possibly 
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explain why small hive beetles are problematic to bee 

hives in the United States. Moreover, the Africanized 

bees “open up capped worker cells which contain 

beetle larva,” while European honey bees are not 

known to possess that behavior (Linder, 2015).  

3.3 Impact of Small Hive Beetles on 

Beehives 

Small hive beetles can cause severe damage, resulting 

in numerous hive deaths in America each year. When 

adult hive beetles first enter the beehive, they may not 

be noticed until they have already reproduced. This 

rapidly leads to uncontrollable infestation as just one 

female beetle can lay over one thousand eggs during 

their life cycle. The adult female hive beetle 

oviposition eggs within the cracks and crevices of the 

beehive and may also directly deposit their eggs on 

pollen, brood combs, or even puncture the capping of 

the cell in the brood to lay the eggs inside. Beetle eggs 

are often overlooked since they are of similar shape to 

honey bees, but are roughly 2/3 of the size (Neumann, 

Elzen, 2004). In two to five days, these eggs will 

hatch, and both the adult and larval beetles will then 

feed on nectar, pollen, and brood. This causes honey 

and other hive products to ferment (Texas A&M).  

Larvae can heavily damage delicate, newly drawn-out 

comb; however, old sturdy brood comb seems to 

withstand heavy larval infestation without 

disintegrating (Delaplane, 1998). The combs of honey 

may have a slimy appearance when large amounts of 

beetle eggs hatch in the beehive of a weak honey bee 

colony. The ruined honey may be washed from the 

combs, frozen, and repaired by the bees in strong 

colonies. However, if large numbers of hive beetles 

excrete feces in the honey, the yeast that is formed can 

cause the honey to ferment and leak from the cells. 

Both weak and strong colonies may be vulnerable to 

the invasion of hive beetles if they are allowed to 

reproduce unchecked within the hive. Small hive 

beetles can ruin the honey outside of the beehive as 

well. After the honeycomb is harvested from the hive, 

the honey should be immediately extracted, or the hive 

beetles can invade and ruin the honey storage. The 

destroyed honey will be inedible for humans and will 

also be neglected by the honey bees (Zawislak, 2019). 

If the stored honey is contaminated during late autumn, 

the bees might go into winter without sufficient 

amounts of honey reserves (BeeKeepClub). Bees will 

often abandon combs and even the entire colony if the 

hive is ruined by hive beetle larvae (Delaplane, 1998). 

Strong colonies may collapse within 10 days if the 

invasion of small hive beetles is significant (Neumann, 

Hoffmann, Duncan, Spooner-Hart, 2010).  

Furthermore, the small hive beetles not only destroy 

honey, but also the honey bee brood. In addition to 

laying eggs in the cell brood in the beehive, the hive 

beetles also eat the honey bee colony brood. By 

feeding on bee larvae, small hive beetles cause a 

decline in honeybee population and an increase of their 

own population. This effect weakens the honeybee 

colony and accelerates the destruction of the beehive. 

If the honeybee colony is overwhelmed by the hive 

beetles, the queen will have to abscond and lead the 

honeybee colony to a different location (Hepburn & 

Radloff, 1998). Hive beetle infections interrupt the 

delicate struck by different members of the hive. Bees 

are typically occupied with specific jobs. Some bees 

guard the hive, or lay eggs, or clean the hive and make 

honey. The small hive beetles’ presence distracts the 

bees from performing their jobs. Instead, the bees 

expend energy combating the small hive beetles, which 

significantly stresses the bees. In these cases, 

beekeepers need to increase care of the bees by feeding 

them and helping to combat the small hive beetles. 

Honey bees struggle to resolve small hive beetle 

infections in part due to their inability to use their 

stinger, which cannot puncture the hard beetle shell.  

4. THE HONEY BEE RESPONSE TO 

SMALL HIVE BEETLE INVASION 

In order to prevent the intrusion of hive beetles, the 

honeybee colony dispatches guard bees to 

meticulously inspect bees entering the hive (Ribbands, 

1953). Although the small hive beetles can still sneak 

into the hive, guard bees located at the entrances of the 

beehive help to block hive beetles, allowing fewer 

beetles to invade the honeybee colony (Ellis et al., 

2002). This suggests that guard bees are capable of 

protecting the honeybee colony from the hive beetles 

to some degree. However, honey bees are not able to 

efficiently remove the adult hive beetles themselves as 

the hive beetles’ hard shells block the honeybees’ 

attempt to sting them (Zawislak). Thus, a number of 

methods have been developed to combat small hive 

beetle infestations. 
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5. CURRENT METHODS TO 

CONTROL SMALL HIVE BEETLES  

The best known means to control small hive beetle 

infestation is to prevent them from invading the 

beehive. One effective measure in maintaining a 

healthy honeybee colony is by propagating hygienic 

bee stocks which are adept at detecting and removing 

pests, as well as diseased brood. Apiaries and honey 

houses should always be kept clean to reduce the 

number of beetles attracted to the hive. Small hive 

beetles prefer dark spaces, so placing the hive in direct 

sunlight is highly recommended. Beekeepers should 

avoid splitting highly infested beehives which can 

cause a serious outbreak if the honeybee colony is 

weak. Cautionary measures must be taken when 

combining colonies to prevent further contamination. 

Using clean, undamaged hives and frames help to 

reduce the spread of infestation is key, as the beetles 

often hide in small cracks and crevices of the hive 

(Zawislak, 2019).  

Once the hive has been compromised by the small hive 

beetles, beekeepers can also employ chemical control 

methods through the use of Check-Mite+ plastic strips 

containing 10% coumaphos (Bayer Healthcare AG). 

Elzen, et al, (1999) found that using the strips under 

cardboard bottom board trapping devices resulted in a 

small hive beetle mortality rate as high as 90.2%. To 

employ this method, remove the paper from one side 

of a 4x4 piece of corrugated cardboard and cover the 

opposite side with duct tape. Cut one Check-Mite+ 

strip in half and staple both sections to the corrugated 

side of the cardboard and attach the cardboard to the 

middle of the bottom board. If a screen bottom is used, 

place the cardboard above the inner cover instead. 

Since small hive beetles seek shelter in small spaces, 

they will be drawn to the corrugated cardboard and 

come in contact with the Check-Mite+ strip. It is 

important for beekeepers to ensure that the bees cannot 

come into contact with the Check-Mite+ strip and 

should only treat the same colony with coumaphos a 

maximum of twice per year. The strips should be left 

in place for 42-45 days after which they should be 

disposed of according to the instructions on the label. 

Although this method has proven to be very 

efficacious, there are subsequent risks involved with 

using chemical control methods, including the 

development of small hive beetles resistant to 

coumaphos (Pettis 2003), detrimental effects to the 

bees themselves and contaminated bee products 

(Neumann and Elzen 2004).  

Another method used to control infestation of small 

hive beetles is through the bacterium Bacillus 

thuringiensis Berliner (Bt). This bacterium is 

commonly used for insect control in agriculture and 

integrated pest management systems since it is safe for 

humans. During sporulation, Bt produces 

proteinaceous crystals which are toxic when ingested 

by insects. Partly dissolved crystals bind to 

glycoprotein receptors, resulting in toxic molecules 

being inserted into the plasma membrane. This results 

in osmotic swelling, lysis of epithelial cells, and 

eventually the death of the small hive beetles (Krieg 

1986, Gill et al. 1992).  

Integrated pest management seems to be the most 

effective. Some mechanical controls involve placing 

hives in sunny, well-ventilated areas as small hive 

beetle eggs are likely to desiccate if relative humidity 

is below 50% with good airflow. Requeening with 

more hygienic stock can help implement genetic 

controls to reduce small hive beetle populations. 

Treating the soil beneath infested apiaries by adding 

nematodes to the soil can help control small hive beetle 

populations as nematodes are capable of seeking and 

consuming pupating beetles.  

5.1 Inspection 

Thorough inspection of apiaries is vital to prevent the 

spread of pests to nearby colonies. During the warmer 

months, small hive beetles are easily detected by 

removing the apiary cover, flipping it upside down, 

and examining the lid a few minutes later. This method 

is not as reliable in the fall and winter months as the 

beetles prefer to remain near the brood nest, so close 

inspection of the combs is necessary. The combs can 

be shaken to reveal small hive beetles hidden within 

the cells (White, 2004). However, inspecting the hives 

too often can lead to additional complications. When 

inspections are too frequent, they may cause bacterial 

responses and further stress the bees, making the hives 

susceptible to beetle intrusion (Neumann, Elzen, 

2003). 
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6. PROPOSED BEEHIVE 

MODIFICATIONS 

6.1 Excessive Space 

A large hive poses a significant problem when small 

hive beetles infest the bee colony. Due to excessive 

space, the hive beetles are able to invade the honeybee 

hive and safely lay eggs without being detected by the 

guard bees. Furthermore, due to the over-supering 

hive, the worker bees’ guard range also increases, 

further endangering the worker bees. To address this 

problem, I propose to build an adjustable panel to 

allow adjustment of the size of the beehive. This would 

allow the size of the hive to be determined by the size 

of the colony and the colony’s ability to patrol the 

hive. When the colony splits or weakens, the hive can 

be sized smaller by adjusting the panels so that the 

space within the hive decreases accordingly. 

6.2 Cracks and Crevices 

To avoid creating a crack in the lid where the small 

hive beetles can crawl and invade the hive, the lid will 

consist of two separate pieces which slide together. 

Since the lid is composed of two pieces, one piece will 

provide flexibility to adapt to changes in hive size by 

having screws to control the length of the lid. 

Additionally, in order to prevent the occasional crack 

or hole on the ends of the lid, the lid can be foldable in 

multiple regions. By implementing this lid design, the 

bee hive will be able to effectively identify and reach 

the hive beetles. Beekeepers would then not have to 

worry about over-supering or under-supering hives 

because the adjustable panels will allow adjustable 

hive sizes.  

Small cracks and crevices within the hive may also 

provide pathways for the hive beetles to intrude the 

hive or serve as a suitable spot for oviposition. Small 

hive beetles often lay eggs in the corners of the hive, 

making it challenging for the bees to remove the beetle 

eggs (Matheson and Reid, 2011). Beekeepers can use 

beeswax to fill the corners and clog any small cracks 

or holes to prevent the hive beetles’ intrusion. Beeswax 

is a natural product excreted by honeybees, so placing 

beeswax in the corners of the hive would not cause any 

damage to the honey production. Furthermore, 

beeswax does not expire, which makes it an 

appropriate solution. The corners of the beehive must 

first be cleaned with a liquid foam before applying the 

beeswax. Scrape off any excess beeswax and repeat 

this process several times until the cracks are fully 

covered.  

6.3 Pollen Patty 

Pollen patty supplements also pose 

complications when preventing hive beetle infestation. 

Pollen patties provide essential supplemental nutrients 

to the bees. The pollen patties allow the adult honey 

bees and the brood to balance their diets and consume 

sufficient nutrition. The pollen patties do not contain 

pollen but are designed to look like real pollen. In 

particular, honeybee larvaes highly depend on the 

supplemental nutrition provided by the patties. Adult 

bees consume the pollen patties and secrete royal jelly 

for the larvae to consume. The problem is that the 

pollen patties not only serve as a beneficial nutrient for 

honey bee larvae, but also provide an optimal place for 

small hive beetles to lay eggs. The female hive beetles 

are skilled at finding pollen patties and frequently lay 

eggs on the patties. The eggs then hatch, and the hive 

beetle larvae consume the pollen patty (Flottum Kim). 

Currently, it is not possible to continue distributing 

pollen patties to the honeybee colony while effectively 

preventing the hive beetles. Therefore, beekeepers 

either risk irreparable damage to the hive from hive 

beetles or must remove the pollen patties from the 

beehive. However, with the absence of pollen patties, 

the nurse bees have a less nutritious diet to produce 

abundant royal jellies. A possible solution is to have 

two different locations for pollen patties: one for hive 

beetles and one for the honeybees. The pollen patties 

can be positioned under a clear box with a small hole 

just large enough for the hive beetles to enter. This 

clear box will be used to attract hive beetles toward a 

hive beetle trap. 

A small hive beetle trap can be placed on the top of the 

hive between panels. The small holes in the trap are 

big enough for the small hive beetles to crawl in but 

too small for bees to get trapped.  

6.4 Small Hive Beetle Trap 

6.4.1 Small Version of Beetle Trap 

A small hive beetle trap can be placed on the top of the 

hive between panels. The small holes in the trap are 

big enough for the small hive beetles to crawl in but 

too small for bees to get trapped.  
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Fig 1: Small Sized Small Hive Beetle Trap 

6.4.2 Big Version of Beetle Trap 

A larger small hive beetle trap is placed on the bottom 

of the beehive box. The silver tray is filled with oil, 

such as vegetable oil, which causes the small hive 

beetles to drown. The purpose of the net is to prevent 

bees from falling into the oil while the small hive 

beetles easily fall through the holes of net. When the 

honey bees corner the small hive beetles, the beetles 

may fall down to the bottom of the board and drown in 

the oil. Additionally, since sunlight shines directly into 

the beehive when beekeepers perform inspection, the 

small hive beetles attempt to go to the bottom of the 

board to avoid the light and consequently fall into the 

trap.  

 

Fig 2: Large Sized Small Hive Beetle Trap 

6.5 Brightness Control 

Controlling brightness within the hive can also guide 

the hive beetles in a certain direction. The optimal light 

that attracts the hive beetles has a wavelength of 

390nm (Duehl, 2012). The brightness attraction may 

be applied to help the bees corner the hive beetles 

more easily. The lights can be placed alongside with 

the pollen patty box for hive beetles near the hive 

beetle trap. The lights on the other side will be 

different from 390nm in order for the hive beetles to be 

attracted to approach towards the trap. By 

incorporating the pollen patties attraction tactic and the 

brightness control method, the current hive beetle trap 

will be much more effective. 

7. CONCLUSION 

As primary pollinators, honey bees play a vital role in 

crop production and food sustainability. Parasites like 

varroa mites and small hive beetles endanger bee 

colonies and contribute to the rate of global bee 

decline. While integrated pest control methods have 

had some success, beekeepers still struggle to combat 

small hive beetle infestation. In particular, usage of 

chemical and/or bacterial agents with 

physical/mechanical barriers or traps have been shown 

some efficacy in controlling small hive beetle 

infestations. However, it is likely that multiple 

integrated approaches must be combined to truly 

achieve reproducible efficacy in small hive beetle pest 

control. Small hive beetles enter the hive through small 

cracks and lay eggs in the corners where the bees 

cannot reach them. To prevent this, I propose the use 

of beeswax to coat the corners and cracks of the hive, 

preventing further infestation and allowing efficient 

beetle larvae removal. Female beetles are drawn to and 

lay eggs on pollen patties which beekeepers use to 

supplement nutrition. I propose using these pollen 

patties as bait to drive small hive beetles towards a 

trap. For the physical redesign of the hive I propose the 

use of hives with adjustable size, which allow hives to 

effectively patrol the boundaries of their hive at any 

hive size. For future work, the design of this hive can 

be 3D-printed and tested to see if the number of hive 

beetles trapped is higher than in original beehive 

designs with regular hive beetle traps. Furthermore, the 

efficacy of the redesigned hives and traps can be tested 

using different pests, such as varroa mites. In 

conclusion, although small hive beetles and other 

similar pests have continued to prove problematic for 

the bee industry, a number of new solutions or 

combinations of old solutions remain to be tested and 

may offer increased efficacy in combating pests and 

thereby achieving optimal beehive health.  
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