
ABSTRACT 
 
KELLER, JENNIFER JUNE.  Testing effects of alternative diets on reproduction rates of 

the small hive beetle, Aethina tumida.  (Under the direction of John T. Ambrose.) 

 

The small hive beetle, Aethina tumida was exposed to several alternative food 

sources to test their ability of producing successive generations while exposed to these 

diets.  Once it was determined that they could successfully produce successive 

generations while on these diets, further tests were performed to examine the effect of 

these alternative diets on rate of reproduction when compared to the more typical diet of 

honey bee resources.  This was accomplished by counting the eggs produced per day on 

each of the given food sources.  Beetles consistently produced greater numbers of eggs 

when exposed to the typical diet and lower numbers when exposed to an alternative diet.  

Because there were significantly greater numbers of eggs produced when exposed to the 

typical diet, it was determined that this diet was superior to any of the alternative diets 

but the beetles were able to successfully reproduce on alternative diets of banana, 

cantaloupe, pineapple, mango, and an artificial ‘manduca’ diet.  

Previous research has shown that small hive beetles can successfully be reared on 

the contents of bumble bee colonies (at least in laboratory settings) and adult beetles can 

at least sustain themselves on various fruits.  This research confirms that the beetles are 

also capable of producing successive generations on fruit diets as well as artificial diets.  

These findings provide additional insight as to how the beetles may have entered the 

United States and their subsequent spread, as well as possible control measures. 
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INTRODUCTION 
 

The small hive beetle, Aethina tumida, is an introduced pest of the honey bee, 

Apis mellifera.   Previously  known only to exist in southern Africa, the beetle was 

discovered in the United States in Fort Pierce, Florida in 1998.  This is only one of 

several introduced pests of the honey bee that are causing problems in the beekeeping 

industry.  Over the past 18 years a series of pest problems have occurred beginning in 

1984 with the introduction of the trachael mite (Acarapis woodi), followed by the 

introduction of the varroa mite (Varroa destructor) in 1987, the Africanized honey bees 

(Apis mellifera x scutellata) in 1990, and most recently the introduction of the small hive 

beetle (Aethina tumida) in 1998.  The consequence of these introduced pests has been a 

drastic reduction in the population of honey bees, including almost all feral and 

approximately one third of all managed honey bee colonies (Ambrose, 1999).   

Honey bees are essential to the U.S. economy.  In North Carolina alone, they 

contribute nearly $10 million annually from honey and wax, but even more important is 

their contribution of approximately $97 million in "value added" by crop pollination.  In 

the United States, the value of honey bee pollination is about $20 billion (Needham, 

1998).  

Because of the importance of the honey bee, it is critical to try to protect them 

from damage by introduced pests.  In its native habitat of southern Africa, the small hive 

beetle is described by beekeepers as a minor pest (Lundie, 1940).  The immediate 

destructive impact in the United States, following its discovery, suggested that it was 

more than a minor pest.  Florida reported that 2,500 managed bee colonies were 

destroyed by the beetle within the first six months of its discovery and that number rose 
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to over 10,000 after two years (Ambrose, 2000).  At that point, the future of the 

beekeeping industry was uncertain. 

After the initial mass destruction of honey bee colonies in Florida, the problems 

associated with the small hive beetle diminished.  The beetles are still present and have 

managed to disperse over at least 25 states (Fig. 1-Keller and Ambrose, 2002a), but there 

are very few reported incidences of damage to honey bee colonies due to the beetle or its 

larvae. Presently, it appears that the beetle is not the threat it was once perceived to be.   

This research is based in part on preliminary studies which suggested that the 

beetle is capable of surviving on alternative food sources, such as pollen and honey 

resources from a bumble bee colony (Sanghellini, et al., 2000) and some fruits (Eichen et 

al., 1999; Schmolke, 1974).  The results from this study indicate the following: 1) Small 

hive beetles can produce successive generations on alternative diets.  These diets include: 

banana, cantaloupe, pineapple, mango, and an artificial insect diet used for rearing 

tobacco hornworms.  2) The rate of reproduction is higher on the typical honey bee diet 

of pollen and honey than on any of the alternative diets.  3) Beetles fed on an alternative 

diet will increase egg laying if they have the opportunity to move to a typical honey and 

pollen diet. 4) In these studies, space did not seem to be a limiting factor.  5) The 

presence of beetle larvae does have a negative impact on egg production which may have 

potential use or value as a control measure. 
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LITERATURE REVIEW 

Importance of Honey Bees 
The western honey bee, Apis mellifera is perhaps the most economically 

important insect in the United States (Sheppard, 1989).  Not only is the honey bee 

important for the production of honey, wax, pollen, royal jelly, and venom, but it is also 

heavily relied upon for the important role it plays in pollination.  The value of the honey 

bee has been recognized since it was first brought to the New World from Europe in the 

1600's by the new settlers (Hoff and Willett, 1994). Initially, the honey bee was valued 

primarily for its production of honey and beeswax; it was not until fairly recent times that 

its value as a pollinator was understood.    

Many of the agricultural crops produced commercially in the United States are 

dependent on honey bees for pollination.  Crops that are not dependent on honey bees 

generally will have better production when they are pollinated by honey bees.  Some 

examples of crops dependent on bees include but are not limited to almond, apple, pear, 

cherry, orange, grapefruit, cucumber, melon, and squash.  It has been estimated that $20 

billion worth of U.S. agricultural commodities rely upon pollination by honey bees to 

some extent (Needham, 1998).  Honey bee pollination adds $97 million annually to North 

Carolina's agricultural economy.  For this reason, beekeeping remains an important 

industry in North Carolina and the U.S.   

Not only do beekeepers maintain colonies of bees so they can reap the rewards of 

a honey harvest at the end of the summer, but many beekeepers are in the business of 

renting hives of bees to commercial growers for pollination.  Honey bees have many 

advantages in pollination over other bees.  They have very populous colonies, are rather  
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easy to transport to crops needing pollination, and can be placed in the fields at the 

desired density of the grower.  Honey bee colonies live year round as compared to the 

short season of most wild bees. Its hoarding instinct, its ability to recruit large numbers of 

foragers to specific plants, its ability to utilize many different flower species as food 

sources, and its tendency to focus on one flower species at a time also makes the honey 

bee a superior pollinator (Hoff and Willet, 1994). 

Decline of Feral Colonies Due to Mites and Diseases 
 

Today, beekeeping requires more effort than ever before.  Not long ago, a single 

colony of bees, required little or no maintenance and the same bee colony could be 

maintained year after year.  Since the mid 1980's, the introduction of two parasitic mites 

have threatened the beekeeping industry.  The two mites, Varroa destructor  (previously 

identified as Varroa jacobsoni) and Acarapis woodi, are parasitic mites of the European 

honey bee in North America and throughout most of the world (Pettis and Wilson, 1990).  

With the introduction of these two mites, most of the feral colonies of honey bees have 

been eliminated in the United States, and a large portion of managed bee colonies have 

also been eliminated by the mites. 

The varroa mite, Varroa destructor, is a parasitic mite of the honey bee that was 

first discovered in the United States in Florida in September 1987 (Shimanuki et al., 

1994). This mite is an ecoparasite of the eastern honey bee, Apis cerana, but has more 

recently become a destructive pest of Apis mellifera (Ramírez and Otis, 1986).  In the late 

1800's the European honey bee, Apis mellifera, was introduced in tropical southeast Asia, 

where Apis cerana is the native honey bee species.  It was not long before the two bee 
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species came in contact with each other and the varroa mite found a new suitable but 

vulnerable host with the Apis mellifera (Henderson et al., 1986).   

The adult varroa mite is 1.1 to 1.2 mm long and 1.5 to 1.6 mm wide, and can be 

seen with the naked eye (Ritter, 1981).  The mite is a parasite of the prepupal, pupal, and 

adult stages of the honey bee and if infestation levels are high enough, eventually causes 

the destruction of a colony (Shimanuki et al., 1994).  Ramírez and Otis (1986) provide a 

good description of the life cycle of the varroa mite.  The female varroa mite enters a cell 

containing a young bee larva just prior to the cell being capped. The mite punctures the 

integument of the larva and feeds on the hemolymph.  After feeding, the mite then lays 

eggs which will hatch and feed upon the hemolymph of the honey bee pupae until the 

young mites mature.  Mating of the new mite occurs in the capped bee cell.  The mature 

mites will then emerge from the cell with the adult bee, and start the process all over 

again.  Results of these mites feeding on the bee pupae are bees that are smaller, often 

deformed, and have a shorter longevity than nonifested bees. In heavily infested colonies, 

mites can actually cause the death of the honey bee before it completes development. The 

mite is hard to contain since bees travel up to two miles in order to forage and it is very 

easy for mite-carrying bees from one colony to come into contact with those of another 

colony either through chance contact on a flower, through drifting from colony to colony, 

or from robber bees entering another hive for food (Rademacher, 1991).    

A good parasite is one that causes very little harm to its host.  (Southwick, 1988).  

Apis mellifera colonies often die due to parasitism by varroa mites which suggests that 

the development of this particular host/parasite relationship is still evolving (Ritter, 

1981).  Co-existence of the varroa mite with the eastern honey bee seems to cause little 
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problem to the overall health of the bee colony.  The bees are able to keep the mite 

populations low enough so that there is little economic damage. With time, it is possible 

that natural selection will help to select for European honey bees and/or varroa mites that 

are more capable of co-existing with each other.   

A limited number of chemical treatments have been made available to beekeepers 

to help combat this pest.  Apistan ™ is the safest and most common treatment against the 

varroa mite. It comes in the form of plastic strips impregnated with the pyrethroid 

fluvalinate which is the active ingredient.  Apistan ™ is a contact poison; it kills the mites 

when they come in contact with the strips, but does not harm the bees.  This can and has 

been a successful means of control; however, due to the heavy dependence on a single 

pesticide solution, there are now reports of mites showing resistance to Apistan ™ 

(Milani, 1999).  In these cases, the next step is to treat with Checkmite®  which contains 

coumophos as the active ingredient.  Checkmite® is an organophosphate.  It is much more 

dangerous to both the bees and the beekeeper than Apistan ™ and the risk of honey 

becoming contaminated is much greater. Unfortunately, there are recent reports from 

New Jersey of the mites showing resistance to coumaphos as well (Nasr, 2002). 

Currently researchers are looking for alternative methods for controlling the 

varroa mite.  Researchers are attempting to breed races of bees that show signs of 

resistance to the varroa mite.  Some strains of bees are believed to have greater hygenic 

qualities than other strains and are capable of controlling the mite population within the 

colony. It is hoped that through successive generations of breeding and selecting for these 

traits, beekeepers will not need to rely as heavily on the chemical treatments.  
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The second of the two parasitic mites, Acarapis woodi, is known as the tracheal 

mite because it spends the majority of its life in the tracheal system of the adult honey 

bee.  It was first discovered in the United Sates in Weslaco, Texas in July 1984 

(Delfinado-Baker, 1984).  Before its arrival in the United States, the tracheal mite was 

reported to be in most of Europe, parts of Asia, Africa, South America and in North 

America as far north as Mexico (Delfinado-Baker, 1984).    

The mite is very small and can only be seen by dissecting a bee and using a 

microscope to examine the tracheal system of the bee. An adult female mite is pearly 

white to light yellow in color, and measures 150 microns in length and 80 microns in 

width (Pettis and Wilson, 1990).  The mites spend most of their life in the tracheal system 

of adult bees and do not affect the brood (Pettis and Wilson, 1990).  The female enters 

the bee’s tracheal system through the first thoracic spiracle, and will then lay eggs in the 

tracheae.  The developing mites feed on the hemolymph of the bee and if numbers are 

large enough, can kill the adult.  Mating occurs within the trachea, and the mated females 

exit the trachea and jump to another host to begin the cycle again (Delfinado-Baker, 

1984).   

Although tracheal mites have the potential to be a serious problem for beekeepers, 

currently, they do not have the same impact as the varroa mite.  Without treatment, a 

colony infested with varroa mites is almost certain to weaken and die out over time.  

Because the tracheal mite has been associated with the European honey bee for a longer 

period of time, the honey bee has had more time to adapt to these conditions.  Problems 

associated with the tracheal mites have decreased in recent years and so has the reliance 

upon chemical treatments.  The only approved treatment for tracheal mites is menthol, 
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sold under the trade name Mite-A-Thol ™.  This has proven to be effective against the 

mites, is harmless to the honey bees, and does not contaminate the honey.  Work is also 

being done in hopes of finding a nonchemical control.  As with the varroa mites, 

researchers are trying to select for resistance by breeding bees that demonstrate resistance 

to the tracheal mite. 

Along with the mites, another problem facing the beekeeping industry are certain 

diseases.  The most important of these is American foulbrood.  This disease is caused by 

the bacteria Paenibacillus larvae that affects young honey bee larvae in the comb. If left 

untreated, the colony will weaken due to bee death until it can no longer survive. The 

disease is easily transmitted from one colony to another by worker bees that accidentally 

drift from one hive to another, by robber bees attempting to steal honey from another 

hive, and also by the beekeeper exchanging contaminated equipment from hive to hive.  

Therefore, it could easily destroy an entire bee yard if not treated.  For many years 

beekeepers have relied upon a single antibiotic treatment, Terramycin® as a means of 

control.  Now, because of this dependence on a single treatment and the misuse of the 

product, there have been several reports that this treatment is no longer effective and it 

seems that the bacteria have developed resistance to the antibiotic. 

There are several other honey bee diseases that may also be of concern to a 

beekeeper.  Such diseases include European foulbrood (bacterial), Sacbrood (viral), 

Nosema (microsporidian) and chalk brood (fungal).  These diseases can be problems in 

the beekeeping industry, but are considered minor diseases that are treatable, or do not 

need treating at all.  Shimanuki et al. (1992) describes each of these honey bee diseases as 

well as the causative agents and any possible treatments. 
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As previously mentioned, beekeeping was relatively easy before these pests and 

diseases became common occurrences. After their establishment the beekeeping industry 

was threatened by the rise in cost associated with maintaining healthy colonies of bees.  

A concern of the agricultural industry was that the decline in populations of feral colonies 

of honey bees could pose crop pollination problems.  Although these problems were 

never completely under control, research had been done and control methods developed 

to help keep the situation from worsening.  Now, however, on top of these problems that 

have already devastated the industry, the small hive beetle becomes an additional factor 

that must be considered.  

Introduction of the Small Hive Beetle 
The small hive beetle (Aethina tumida Murray) is an introduced pest to North 

America (Sanford, 1998).  How it arrived in the United States is still open to speculation.  

The first confirmed reports of the beetle in the United States came from St. Lucie County, 

Florida in June of 1998 (Smith, 1998).  A beekeeper found beetles in his managed hives, 

and a sample was sent to M.C. Thomas of the Florida Department of Agriculture to be 

identified (Elzen et al., 1999). The sample was identified as Aethina tumida, a species 

previously believed to be limited to southern Africa where it is considered a minor pest of 

the honey bee (Apis mellifera).   

After these reports were made, it was discovered that there had been a previous 

incidence of this beetle as early as November of 1996 (Hood, 2000).  A beekeeper in 

Charleston, South Carolina sent a sample to Clemson University Cooperative Extension 

Services for identification; however, at that time, no one was able to identify the 

specimen and there was no mention of any damage by the beekeeper.  It is now 
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hypothesized that the beetles may have originally entered the U.S. at the Port of 

Charleston, and were then transported South in managed colonies before any damage was 

noticed (Sanford, 1999).  Since the adults will feed on fruit, the beetle may have been 

accidentally introduced into this country via a shipment of fruit originating from Africa 

(Frazier, 1999). 

Spread and Establishment in the Southeastern U.S. 

 By July of 1998 the small hive beetle was reported in three counties in southeast 

Florida (St. Lucie, Indian River and Brevard), and a movement moratorium (quarantine) 

had been implemented in Florida (Sanford, 1998).  However, many of the migratory 

beekeepers that had bee colonies in those Florida counties for over wintering and 

pollinating citrus crops had already moved their colonies out of the area before there was 

any knowledge of potential danger from the small hive beetle (Sanford, 1998). It was 

later discovered that beetles had been reported in Georgia in June 1998 and then in South 

Carolina in July (Hood, 1998).  In November of 1998, reports of finding small hive 

beetles in North Carolina was confirmed (Hopkins et al., 1999).  

By December 1999 the small hive beetle had been observed in 13 states: Florida, 

Georgia, Iowa, Maine, Massachusetts, Michigan, Minnesota, New Jersey, North 

Carolina, Ohio, Pennsylvania, South Carolina, and Wisconsin (Wenning, 2001) (See Fig. 

1-Keller and Ambrose, 2002a).  Because of the rapid rate of movement and the irregular 

dispersion pattern, it is assumed that the movement of the beetle is due in large part to 

movement of managed colonies of honey bees via migratory beekeeping operations 

(Wenning, 2001).  Another possible means of transportation of the beetle is through the 

package bee industry.  Since the southeastern United States is one of the largest suppliers 
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of package bees, and sends honey bees all over the country, it would be easy for beetles 

to be overlooked and inadvertently shipped to new locations where they might become 

established.  It was originally believed that the small hive beetle would not be able to 

survive the harsh winters of the northern states, which would help to limit its distribution.  

After surviving the winter conditions in Minnesota, it has become evident that the small 

hive beetle has the potential to become established across most of the United States 

(Wenning, 2001). 

During first year (1998) the beetle was found in North Carolina, its distribution 

was limited to only three counties along the southern border of the state.  The following 

year, beetles were found in five counties north of the original findings.  In the year 2000, 

there was a much wider spread of the beetle.  It was found in 11 more counties and these 

counties were spread over a large area of the state. Since 2000, the beetles have continued 

to occupy additional counties spreading in all directions without any clear pattern (See 

Fig 2-Keller and Ambrose, 2002b). 

It has already been mentioned that the spread of the beetle could have been 

partially due to the migratory beekeepers.  Colonies of bees are moved by truck from 

crop to crop for pollination and they often are moved across state lines.  It would not be 

difficult for colonies of bees containing small hive beetles to be moved into areas free of 

beetles and go undetected. This appears to be the initial means of distribution in North 

Carolina. The map of North Carolina and the years of the findings seem to show a pattern 

of distribution following along the same general path as Interstate 95.  North Carolina 

imposed a quarantine throughout the state to try to prevent, or at least to slow, the 

movement of the beetle.  The quarantine restricted movement of bees in areas where 



 12

there had been previous findings of the small hive beetle.  Bees located near these areas 

required inspection before they could be moved. 

Although it is believed that migratory beekeepers played the most important role 

in the distribution of the beetle, there were other possible means of distribution. One 

alternative mean of distribution that may have aided in their dispersal is through the 

packaged bees and queen bee industry.  A large number of bees are purchased by 

beekeepers each year from the southeast where the beetle first became widely 

established. Beetles could go undetected in these packages, and be shipped anywhere in 

the country.  

One last means of distribution is the beetle itself.  Unlike the mites that depend on 

the bees for movement and dispersal, the beetle is capable of flying and can easily travel 

to new locations on its own. The distance they can fly and what it is that attracts them to a 

certain source have not been determined. 

General Biology 

Due to its recent discovery and potential impact on the beekeeping industry in the 

United States, several authors have recently described the life cycle of the small hive 

beetle (Sanford, 1998; Hood, 1998; Delaplane, 1998; Hood, 2000; Wenning, 2001 ).  

Lundie (1940) was the first to do a comprehensive study of the beetle and described in 

detail the general biology of this pest.   

The adult small hive beetle ranges in color from light brown to black and is about 

1/4 inch long with short, clubbed antennae (Delaplane, 1998).  During their first few days 

after emerging from the soil, the beetles are active and take flight readily while they 

search for a suitable residence. (Lundie, 1940).  Because it is in the family Nitidulidae, it 
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is considered a scavenger, but seems to prefer honey bee colonies.  Once in a beehive, the 

beetles tend to hide in dark corners away from the bees.  Adult beetles reach sexual 

maturity in 2-4 days, but if the colony is strong, the beetles may live in the hive without 

any noticeable damage (Schmolke, 1974).  

The adult female lays eggs in irregular masses within the cracks and crevices of 

the hive (Lundie, 1940).  The eggs are white, and similar in appearance to those of the 

honey bee, but much smaller.  After approximately 24 hours, the larvae begin to emerge 

through a longitudinal slit at the anterior end of the egg and begin to feed on the honey, 

pollen and honey bee larvae in the hive.  The numbers of these larvae may be so 

numerous that irreparable damage is done to the beeswax comb.  The larvae tunnel 

through the comb, feeding and in the process defecating in the honey which causes it to 

turn watery and to ferment.  A foul smelling, slimy residue is produced and the stored 

honey begins to run out of the hive onto the bottom board, causing the adult bees to 

abscond from the hive (Delaplane, 1998). 

Full-grown larvae are about one half of an inch in length and have a pearly white 

color (Lundie, 1940).  The larvae are similar in appearance to that of the wax moth 

larvae, Galleria mellonella, another honey bee pest.  The small hive beetle larvae may be 

distinguished by their larger heads, dorsal spines along the length of the body and three 

pairs of fully developed legs near the head (Wenning, 2001). For most of their 

development, the larvae remain close to the food source, but upon completion of their 

development, tend to wander from the food source in search of a suitable environment for 

pupation.  Although growth rate varies, the majority of the larvae complete their 

development in 10-14 days (Lundie, 1940).  At this point the larvae crawl out the hive 
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entrance and burrow into the soil near the base of the hive where they will undergo 

pupation and complete their life cycle.   

The pupa is pearly white with a series of very characteristic projections on the 

thorax (Lundie, 1940).  Schmolke (1974) describes several stages during the 

transformation from larvae to adult beetle.  The first stage is the normal larval stage. The 

second stage is a slight shortening in length of the larva after entering the soil, which 

takes approximately three days.  This is referred to as the pre-pupal stage.  After three 

days, physical changes begin to occur and the pupa begins to develop.  Stage three 

involves the shortened larva separating from the larval skin.  Next, the larval skin is shed 

and a white pupa is visible.  In the next stage the pupa begins to develop black eye spots 

and black wings.  Stage six is the shedding of the pupal skin.  The final stage involves the 

progressive darkening of the beetle from a white to pale yellow, to tan, and then to black 

at which time the beetle is ready to emerge from the soil (Schmolke, 1974).  The period 

of time this transformation takes from larva to adult varies greatly.  A period of 21-28 

days in the soil is average, however, this may vary anywhere from as short as 15 days to 

as long as 60 days (Lundie, 1940). At the end of this time period, the new adults will 

emerge from the soil and search for a new colony of bees in which to reside and start the 

cycle over again.  Under the right conditions, a complete life cycle could be completed in 

as little as 32-44 days.  

Small Hive Beetle Damage in Africa 

The small hive beetle is native to South Africa where Lundie (1940) refers to the 

beetle as being a minor pest of similar importance to that of the wax moth, and both pests 

requires an equal vigilance by the beekeeper in order to keep them under control.  He 
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goes on to state that some of the areas of concern to the beekeeper are wax combs after  

honey extraction, the wax cappings and honey residue that are set aside after honey 

extraction, honey left over bee escapes prior to its removal for harvesting, as well as 

weakened colonies.    Elzen et al. (2000) writes that beekeepers in the Cape in South 

Africa feel that it is rare to see beetles in quantities large enough to cause damage, and 

they believe it is because of the local Cape honey bees' ability to maintain the number of 

adult beetles below the economic threshold.  Beekeepers have reported observing the 

bees physically removing adult beetles from the hives, and so it is only the weaker 

colonies that become susceptible to damage by the beetle. 

Small Hive Beetle Damage in the United States 

 Although viewed as insignificant in South Africa, experiences by beekeepers in 

the United States immediately following the beetle’s discovery seemed to suggest 

otherwise.  Complete destruction of well-managed bee yards in Florida demonstrated the 

potential economic impact this introduced insect might cause in the United States.   At a 

meeting in Ft Pierce on June 10 held by Laurence Cutts, state apiarist in Florida and 

attended by many state bee inspectors and beekeepers from surrounding areas, the 

situation was assessed by visiting infested apiaries (Anonymous, 1998).  The hives 

examined were described as being a mess.  The hives had advanced infestation levels and 

several hundred adult beetles were found on the bottom boards or on the tops of the 

frames of the beehive.  Beetle larvae were feeding on and tunneling through the 

honeycomb and subsequently causing honey to ferment and run out of the hive.  There 

was an odor associated with the contaminated equipment and not even robber bees 

returned to collect the stored honey (Anonymous, 1998).  As of December 1998, Ft. 



 16

Pierce, Florida had an estimated 2,500 infested colonies (Eischen et al., 1998).  The 

damage in this area was not limited to weakened colonies, but rather included the 

collapse of previously healthy colonies, in less than a month (Eischen et al., 1998).  By 

April 2000, it had been reported that over 20,000 colonies of honey bees had been 

destroyed in Florida due to the small hive beetle (Ambrose, 2000). 

Control 

 Mature beetle larvae must leave the hive in order to burrow into the soil for 

pupation.  This is perhaps the most vulnerable point of the beetles' life cycle and soil 

conditioning agents may be used to kill the beetles during this life stage  (Hood, 1998).  

Gard Star ® is a concentrated chemical in which the active ingredient is permethrin.  This 

solution is diluted with water and applied by drenching the soil around the beehive 

(Hood, 2000).  Other options may include moving colonies as a means of breaking the 

life cycle of the pest, or treating the ground as a preventative measure. The ground at new 

locations may be treated prior to moving colonies in, and old locations may be treated 

after the bees are moved.   

Treating the ground around the hive may be effective in killing the pupa stage; 

however, the problem is that the damage has already been done to the colony.  In June 

1999, Florida applied for and received a Section 18 (emergency use) exemption label to 

use coumophos, an organophosphate, as a control for the beetle inside the hive (Hood, 

2000).  Other infested states quickly followed suit.  This product is produced by Bayer 

Corporation under the label name of Check Mite® or Bayer Bee Strips® and comes in 

the form of pesticide impregnated plastic strips which may be cut in half and stapled onto 

corrugated cardboard and placed strip side down on the bottom board of the beehive.  
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Since the beetles prefer to hide away from the bees, they can hide under this board where 

they will then come in contact with the pesticide.    Coumophos is a potentially hazardous 

product to honey bees and humans if not used correctly.  Gloves must be worn when 

handling the Check Mite® strips and labels should always be followed.  In order that 

honey does not become contaminated, coumophos should not be used on hives that are 

making a surplus of honey, nor can supers be added for collecting surplus honey for a 

period of 14 days after completing a treatment.  Strips should be left in the hive at least 3 

days and no longer than 45 days, with no more than four treatments per year (Hood, 

2000).   

Other means of control involve generic but good beekeeping practices (Lundie, 

1940; Hood, 2000; Glinski, 2000; Sanford, 1998).  It is important not to let honey supers 

sit in the honey house for an extended period of time before being extracted or to leave 

them stacked up for any period of time after being extracted.  Maintaining sanitary 

conditions around the honey house is also important which includes cleaning up removed 

beeswax cappings and spilled honey.  Finally, maintaining strong colonies of honey bees 

is important.  If necessary, weaker colonies may be combined in order to make them 

stronger.  

Potential Damage to Social Insects Other than Honey Bees 

 Since the small hive beetle is in the family Nitidulidae, it is considered a scavenger.  

This suggests, that in the absence of honey bees, the beetles may be able to survive on 

other resources.  Stanghellini et al. (2000) performed an experiment to see if bumble bees 

may act as an alternative food source for the beetles.  Three commercial bumble bee 

(Bombus impatiens Cresson) colonies were artificially infested by placing 20 adult 
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beetles in each, and a fourth colony was left free of beetles to act as the control.  The 

bumble bee colonies were supplied with an internal sugar-syrup feeder and were fed 

additional honey bee collected pollen to last them for a period of two weeks.  Another 

modification for the purpose of the beetle was the addition of potting soil in the bottom of 

the chamber to allow mature beetle larvae an opportunity to pupate. 

 The Stanghellini et al. (2000) experiment demonstrated that the small hive beetle 

is not limited in its resources.  A complete generation of beetles, from adult to adult was 

successfully reared on the resources of a bumble bee colony.  Of the three bumble bee 

colonies in which beetles were placed, all three colonies declined more rapidly than did 

the control.  Additionally, more dead bees, parts of bees, and/or numerous beetle larvae 

were found in these colonies.  Over 3,000 beetle larvae were found in the first colony to 

be sacrificed, and significantly fewer larvae in the 2nd and 3rd colonies which were 

opened 3 and 12 days later respectively, but in each of the latter, more beetle pupae were 

found in the soil.  The total number of small hive beetles recovered from the infested 

bumble bee colonies, regardless of life stage, was between 1,983 and 4,123 individuals.  

The physical appearances of the three infested colonies greatly differed from that of the 

control.  At the end of the experiment, the control colony still maintained bumble bee 

activity and the structure of the hive was similar to the way it was at the beginning of the 

experiment.  The structure of the three infested colonies had almost completely collapsed 

and there were no live bumble bees remaining. 

 This research with bumble bees is important because it shows that bumble bees 

may serve as a potential alternative host for the small hive beetle and these beetles have 

the ability to destroy a bumble bee colony.  Bumble bees are viewed as a back-up 
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pollinator to the honey bee, but with this new pest, both major pollinators may be at risk.  

It is important to note that this was a laboratory study and it has not been determined if 

the beetle would be attracted to bumble bee colonies in the wild as they usually nest 

below the ground. 

Alternative Diets 

It is common to find other members of the family Nitidulidae feeding on rotting 

fruit.  The small hive beetle has been tested on various diets of different fruits to see if 

they could survive on alternative diets.  Beetles were confined to diets of avocado, 

banana, cantaloupe, pineapple, grape, grapefruit, mango, orange, papaya, pineapple, and 

strawberry (Eischen et al., 1999).  On most of the fruit tested, adult beetles mated and laid 

eggs and the larvae developed normally on avocado, cantaloupe, grapefruit and some 

other fruits.  From these larvae, a few adult beetles emerged, which suggests that the 

small hive beetle is capable of surviving and reproducing on alternative food resources if 

necessary (Eischen et al., 1999).    

Schmolke (1974) reports that during his experiments two beetles escaped from 

their boxes and were later found in a fruit bowl feeding on grapes.  He collected these 

two beetles and placed them into containers with two grapes.  Although the adults were 

never observed to lay eggs, they were able to survive on this grape diet for nine months 

before they died. Honey bees appear to be the preferred host of the small hive beetle; 

however, if necessary, the beetle seems quite capable of surviving on alternative food 

sources, such as the bumble bees and various fruit diets.   
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Future 

Honey bee losses due to the small hive beetle, immediately following its 

discovery in Florida, caused beekeepers all over the U.S. to panic.  The evidence 

suggested that this newest pest to the honey bee could have a substantial economic 

impact on the already stressed beekeeping industry.  However, the years following the 

pest’s introduction to the U.S. have demonstrated that it may not be as bad as originally 

believed.  Although the beetle has spread and established itself far from its original point 

of discovery in Florida, the number of losses of hives due to the beetle has not been very 

significant.  It was originally believed that the beetle's distribution would be limited to the 

southern states, based on its native habitat in southern Africa.  However, this hypothesis 

has already been disproved as the beetle has since become established and successfully 

over-wintered in several northeastern states.  

It is impossible to predict what impact the beetle will have on the future of 

beekeeping, but it currently appears that the beetle is not as devastating as once believed.  

As beekeepers learn to adapt their management practices, perhaps this pest will prove to 

be no more of a problem than the wax moth.  However, it is only prudent to continue 

research on this potential pest's biology and possible control. 
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Possible Alternative Diets of the Small Hive Beetle, 

Aethina tumida, and Their Possible Effect on 

Beetle Reproduction and Distribution 
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ABSTRACT 

 

The effect of alternative diets on the small hive beetle, Aethina tumida, was 

examined and compared to that of the typical diet consisting of honey bee resources.  It 

was determined that the beetle was capable of surviving and producing offspring while 

exposed to these alternative diets, however there was a significant difference between the 

numbers of eggs produced on the typical diet as compared to the alternative diets.  The 

number of eggs produced while exposed to the alternative diets was much lower, but 

when the beetles were switched to the more typical diet, the numbers increased rapidly.   

The presence of larvae was also tested and found to have a significant effect on the 

number of eggs produced.  These results may influence our understanding the spread and 

distribution of this honey bee pest and the development of possible control measures. 
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INTRODUCTION 

The small hive beetle, Aethina tumida, is an introduced pest in the United States. 

Previously the beetle had only been known to exist in southern Africa where it is of little 

concern to beekeepers.   It was first discovered in Florida in 1998 where it caused a great 

concern in the beekeeping industry due to its initial impact.  During the first six months 

in Florida, an estimated 2,500 colonies of managed honey bees were lost due to the small 

hive beetle (Eischen et al., 1998).  From Florida, the beetle spread over much of the 

country by means of migratory beekeepers, shipments of package bees and queens, and 

by the movement of the beetle itself (See Figure 1-Keller and Ambrose, 2002).   

The adult beetle lays eggs inside the hive and when these eggs hatch, the beetle 

larvae begin to feed on the stored honey, pollen and bee larvae found in the comb and 

create a mess of the hive.   The larvae pupate in the soil and the emerging adults then 

look for a new food source in order to start the cycle again.  Until recently it was believed 

that the small hive beetle was an obligatory pest of the honey bee.  A few studies have 

shown that the beetle may be able to produce a new generation of adults on alternative 

food sources such as bumble bee colonies (Stanghellini et al., 2000) and various fruit 

diets (Eichen et al., 1999).  The objective of this research was to determine if the small 

hive beetle is capable of surviving and producing successive generations using alternative 

food sources in the absence of honey bees. 
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MATERIALS AND METHODS 
 

General Rearing Procedure 
 

A protocol for rearing small hive beetles in a laboratory setting was developed.  A 

previous technique for rearing multiple generations of beetles as described by (Hopkins et 

al., 1999) was modified for the purpose of this study.  The first tests were performed 

using adult beetles given a diet containing all the components found in a honey bee 

colony.  Adult beetles were collected from managed, beetle infested honey bee colonies 

in Moore County, North Carolina, and placed in sealed containers and transported to a 

research lab.  Because there was a quarantine in effect in North Carolina to try to prevent 

movement of this pest, the preliminary tests were performed in Cary, NC in a quarantine 

facility provided by the North Carolina Department of Agriculture and Consumer 

Service.    

In the lab, adult beetles were placed into several small plastic containers (Magenta 

™)* measuring approximately two inches square by three inches tall (see Fig 3).  A small 

glass vial with a one-inch piece of moistened dental wick was placed in each box to 

provide a water source and maintain a high relative humidity.  Prior to adding this source 

of water, the relative humidity was very low and there were problems with beetles not 

laying egg.  Once the water source was added the beetles began to lay eggs.  A small 

chunk of beeswax comb approximately one inch square containing honey bee larvae was 

placed in the container and one teaspoon of a mixture of honey and pollen was also 

added. Later studies using the honey and pollen mix without the brood were tested with 

 

*Biological Supply Company:  http://www.carolina.com 



 26

similar results.  This diet without the brood was used in experiments 1-3.  Ten adult 

beetles were placed into each container and the tops tightly sealed.   Since the beetles 

naturally prefer the inside of a dark beehive, the boxes containing the beetles were kept in 

the dark, except for daily observations.  

Within two or three days, small larvae were visible.  More honey and pollen were 

added for the larvae as needed.  The larvae continued to feed for five to ten days, and 

then entered the wandering stage where they would crawl away from the food source in 

search of a suitable place to undergo pupation.  At this point the larvae were removed 

from the container and transferred to another box containing approximately two inches of 

moist, loose, sandy soil.  The larvae would burrow into the soil to begin pupation.  After 

a period of about 3 weeks, adult beetles would emerge from the soil.  These adults were 

then transferred to containers with a food source of honey and pollen to produce a new 

generation of beetles. 

 

Experiment 1: Testing Alternative Food Sources 

After the rearing procedure had proven to be successful using a diet of honey and 

pollen, the same process was tested using different food sources as potential alternative 

diets for the beetles.  The containers were set up in the same manner as with the 

previously described general rearing procedure with the difference being seven diet 

treatments were tested: honey and pollen, banana, apple, cantaloupe, mango, pineapple, 

and the artificial “manduca” diet.  The manduca diet is an artificial insect diet developed 

and used by North Carolina State University for the lab rearing of tobacco hornworms, 

manduca sexta (Yamamoto, 1969).  The fruits were cut into portions approximately one 



 27

inch square.  Additional food was supplied to each container as needed. At times the 

banana would turn dark brown, break down, and become a thick liquid slime. This slime 

did not seem to cause any disturbance in the feeding of the larvae and they would 

continue to crawl through the substance without any trouble. The manduca diet had a 

tendency to dry out after a few days so it was necessary to add more when needed.  It was 

also necessary to add a few drops of water to the dental wicking every few days to 

maintain the humidity level.  The larvae were reared on the specific diets until they 

reached the wandering stage at which point they were transferred to containers with soil 

for pupation.   

From each test container 30 larvae were transferred to separate containers of soil 

for pupation.  The number of adult beetles that emerged from the soil was counted to 

determine the success rate for completing pupation.  Ten of the new adults were then 

transferred back to their original diet and the remaining beetles were sacrificed in order to 

determine the sex of each adult and make observations on the male to female ratio.  

Due to time and resource limitations, only the beetles reared on banana, manduca, 

and the honey and pollen mixture diets were tested in experiments 2 and 3. 

 

Experiment 2: Testing Effects of Alternative Food Sources on Beetle 

Reproduction 

In order to determine the beetles’ response to the different diets, the numbers of 

beetles (based on egg numbers) produced from each diet were determined. The number of 

eggs laid by each group of adults was counted and compared.    Because the adult females 

tend to lay eggs in small cracks, a technique developed by Pettis (2001) was utilized.  
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Two microscope slides were placed on top of each other separated by a half of a cover 

slip at each end, which would leave a small space (approximately 1/4 millimeter or the 

thickness of one cover slip) between the two slides.  The two ends of the slides were then 

dipped into wax to hold them together.  The females could lay their eggs in the tiny crack 

between the two slides.  These slides were then removed from the boxes and the eggs 

counted using a dissecting microscope. 

Containers were set up using the general rearing procedure described earlier.  One 

slide for egg laying was placed in each container.  The adult beetles that were placed in 

the containers had been reared on the control diet. The beetles were placed on diets of 

either banana, artificial insect diet, or the control diet which consisted of a honey and 

pollen mix. The diets were replenished as needed so that surplus food was always 

available. Daily, for a period of ten days, the slide containing eggs was removed from 

each container for counting and was replaced with a new slide. Because the eggs were 

continuously removed, no larvae were allowed to develop.   The experiment was repeated 

twice with three replicates for each variable giving a total of six slides per treatment per 

day. 

At the end of the ten days, the adult beetles were removed from their initial food 

sources and placed into new containers set up in the same manner with the exception that 

the diets were different. The diets were switched from the original to see what effect this 

would have on egg laying capabilities.  Those beetles previously feeding on diets of 

banana and artificial diet were switched to the control diet.  Those that had been feeding 

on the control diet were switched to a diet of banana.  The beetles were placed on their 

new diets immediately following the previous experiment so there was no break in the 
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cycle of counting the eggs.  Once again the same procedure described earlier was used to     

count the number of eggs produced on the different diets.  

 

Experiment 3: Testing Effects of Limited Space and/or Presence of Beetle 

Larvae on Egg Laying 

In the previous experiment, the beetles had access to one slide for egg laying.  

Some days it appeared that the beetles had laid as many eggs as possible in that one slide 

and it was questioned whether or not the beetles would lay more eggs if given more 

space.  To test whether space was a limiting factor, the following experiment was 

conducted.  The number of slides for egg laying included three treatments: 1) adding one 

new slide each day and removing the previous one, 2) adding three new slides each day 

and removing the three slides from the previous day, and 3) adding one new slide each 

day while allowing the slide from the previous day to remain so the eggs could hatch.   

These slides were removed daily and the number of eggs counted.  Also being tested 

simultaneously was the effect of the presence of larvae on egg laying.   Once again a 

similar procedure was used for setting up the experiment, and one slide was placed in 

each of the boxes.  After 24 hours the slide was removed temporarily to count the number 

of eggs.  After counting, the slide was opened up and the two halves were placed back in 

the boxes so the eggs were allowed to hatch and the larvae to begin to feed.  A new slide 

was also added for more egg laying.  Honey and pollen were added as needed to all 

containers so that food was always available.   Each test was replicated three times and 

the experiment was run for 17 days.   
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Data from experiments 1-3 were analyzed for significance using Analysis of 

Variance (Steele and Torrie, 1980). 

 
RESULTS 

 
Experiment 1: Testing Alternative Food Sources 

 
Beetles were successful in completing a life cycle using six of the seven food 

sources tested.  Successes included banana, cantaloupe, mango, pineapple, the artificial 

manduca diet, and the control honey bee diet. For each of these diets, the adult beetle 

produced larvae which fed on the specific diet and completed pupation to emerge as an 

adult.  Beetles exposed to the apple did not produce larvae although the adult beetles 

were kept alive on this food source for a period of three months before the experiment 

was terminated.  The experiment was not set up to quantify the number of offspring 

produced, but visual observations indicated that a greater number of larvae were 

produced by the adults exposed to the control honey bee diet than any of the other diets. 

In all of these tests the larvae did produce a slime layer on and near the food 

sources and the slime was distributed later by the wandering larvae.  This slime layer is 

described as a mixture of food and beetle feces by other researchers (Stanghellini et al., 

2000; Pettis and Shimanuki, 2000).    

Experiment 2: Testing Effects of Alternative Food Sources on Beetle Reproduction 

By counting the number of eggs laid while being exposed to different food types 

(Fig 4), there was a significant difference based on the diet to which the beetles were 

exposed (P<0.0001).  Adult beetles produced a significantly greater number of eggs per 

day when exposed to the control diet (574) as compared to the average number of eggs 
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per day produced by beetles exposed to the banana (38) and manduca (45) diets 

(LSD=140) (Table 1).  The number of eggs produced from the manduca diet was 

numerically higher than the number produced from the banana, but was not enough to be 

significant. Table 1 shows the numbers of eggs produced daily in each of the tests and 

Fig. 5 shows the average number of eggs produced daily over the ten day period. 

After the beetles were switched to new diets, more eggs were produced on the 

honey and pollen diet than the banana.  Table 2 shows that once again the control diet 

appeared to provide a better source for beetle reproduction.  Beetles that had previously 

been laying low quantity of eggs while being exposed to the banana and manduca diet 

increased the rate of daily egg production when switched to the control diet.  The number 

of eggs increased from 39 and 45 eggs per day for the first ten days on the banana and 

manduca diets to 255 and 354 respectively for the next ten days when switched to the 

control diet.  Numbers began to increase slightly on day one but remained relatively low.  

Day two showed a significant increase in egg production and remained high for the 

remainder of the ten days.   Beetles that had been on the control diet and were switched to 

banana showed a dramatic decrease in numbers of eggs produced.  The beetles continued 

to produce large numbers of eggs on day one when compared to the other diets, but then 

there was a quick decline at day two.  The numbers then steadied and remained much 

lower for the remainder of the 10-day period.  Beetles that had previously produced an 

average of 574 eggs per day over a ten day period on the control diet dropped to just 44 

eggs per day over the next 10 days on the banana diet.  Figure 6 shows the average 

number of eggs produced on each of these treatments over the ten day period. 
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The male to female ratio varied over the different tests; however, there was no 

significant effect in the number of females or males present (P=0.2227). 

Experiment 3: Testing Effects of Limited Space and/or Presence of Beetle 

Larvae on Egg Laying 

The numbers of eggs produced were similar for the two tests in which larvae were 

not present, regardless of the amount of space for egg laying.  There was a significant 

decrease (p=0.0021) in the number of eggs produced when larvae were present (See 

Figure 7).  

It was determined that space was not a limiting factor in this test since there was 

no significant difference between the number of eggs laid when the adult beetles had 

access to only one slide or if access to three slides was allowed.  When given three new 

slides each day for egg laying, the average number of eggs produced per day was 558.  

When space for egg laying was limited to only one new slide per day the adult beetles 

averaged 584 eggs per day.  

The presence of larvae appears to have had an impact on egg laying.  Given one 

new slide per day for egg laying as with the previous test, but leaving the slide in an extra 

day to allow the eggs to hatch, the daily number of eggs produced was greatly reduced. 

Adults given one new slide each day where the eggs were removed prior to hatching, 

produced an average of 584 eggs per day while those that were given the same amount of 

space for egg laying but the eggs were allowed to hatch produced only 80 eggs per day 

on average. 

The ratio of males to females was also analyzed and there was no significance in  

the number of females or males present (P=0.2925). 
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DISCUSSION 

The results of these experiments indicate that in the absence of honey bees, the 

small hive beetle is capable of surviving on alternative food resources.  The importance 

of this study is that it demonstrates that the small hive beetle is not an obligatory pest of 

the honey bee.  Not only can the beetle survive and reproduce on the alternative diets 

provided, but they are also capable of producing successive generations using alternative 

resources when necessary as suggested in preliminary studies on bumble bee colonies 

(Stanghellini et al., 2000) and on fruit diets (Eichen et al., 1999).  These tests were 

limited to a laboratory setting; however, the data provides a strong indication that the 

small hive beetle is capable of surviving on alternative resources in the absence of honey 

bees. 

The results of experiment 1 show that the beetles were successful in completing 

one full life cycle on six of the seven food sources tested.  Apple was the only diet where 

beetles failed to produce larvae, but the diet was substantial enough to sustain the adult 

beetles for a period of three months.   Schmolke (1974) found similar results when he 

placed beetle adults on grapes and the adults lived for nine months but didn't seem to lay 

eggs. The diets that proved successful included banana, cantaloupe, mango, artificial 

manduca diet, pineapple, and the typical bee product diet of honey and pollen.   These 

tests were not quantified, but visual observations indicated that beetles on the typical 

(honey and pollen) bee product diet produced a much greater number of larvae than those 

on any of the other diets. It should not be surprising that the beetle can survive on a fruit 

diet since the small hive beetle is a member of the family Nitidulidae, also known as the 
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sap beetles.  These beetles are known as scavengers and some species of this family feed 

only on rotting and fermenting fruit (Morse, 1998).   

Regardless of the food type upon which the larvae were reared, the pupation rate 

was not affected.  The quantity of larvae initially produced may have been lower with 

some diets, but once the larvae reached maturity and entered the wandering stage, 

pupation did not seem to be affected.  If larvae were capable of reaching maturity on one 

of the alternative diets, their chances of successfully pupating and emerging as an adult 

were equal to the chances of the larvae reared on the typical bee diet.  The only difference 

is that there were more larvae on the typical diet and therefore more adults that would 

have emerged.   

Observations made in Exp. 1 indicate that the typical bee diet was more effective 

as a diet since more offspring were produced.  Experiment 2 quantifies this information 

by counting the number of eggs produced on each of the various diets. The typical diet is 

the superior diet as there was a significant difference between the numbers of eggs 

produced on this diet as compared to the other diets. Adults exposed to the alternative 

diets produced low numbers of eggs while exposed to those diets.  After the ten days 

expired, and the same beetles were switched to the control diet, egg laying increased 

significantly.  Numbers began to increase just 24 hours after being introduced to the 

control diet, and increased dramatically on the second day.  The opposite effect occurred 

with the beetles that were switched from the control diet to the alternative banana diet.  

For the first day, the numbers were relatively high, but after the second day the numbers 

dropped significantly to a level consistent with the first group of beetles on the banana 

diet.  This suggests that the diet from the previous day may have had a residual effect on 
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the production of eggs by the females for the first day after being exposed to the 

alternative diet.  

In the previous experiment, the slides used for egg laying were removed daily so 

there were never any larvae present.  When the slides were left in the containers for an 

additional day to allow time for the eggs to hatch and the larvae to begin feeding, there 

was a significant drop in number of eggs produced.  The data indicates that the presence 

of larvae has a negative affect on egg laying but at this time, it is not understood what is 

causing this lower production of eggs.  Chemical communication affecting oviposition 

has been studied in several species of Triboulium (Arnaud et al., 2002).  It is possible that 

there is an odor associated with the small hive beetle larvae that acts as a signal to the 

adults.  In this experiment, the adult beetles were contained and forced to come in contact 

with the larvae which may have disrupted to the normal activity of the adults.  In a 

natural setting, the beetles would be able to move away from the mass of larvae, but this 

might also limit the number of eggs produced in one area.   Another factor that may 

disturb egg laying is the slime that is associated with the larvae.   As the larvae grow and 

crawl around, they create a slimy film around the bottom of the container.  When they 

reach the wandering stage, they spread this slime over the entire surface of the container, 

even on the slide used by the females for egg laying.   This may inhibit the adults' ability 

to find a suitable location for oviposition.  Stanghellini et al. (2000) describes this "slime 

layer" consisting of the food resources and feces from the larvae as a repellent to adult 

honey bees and forces them to abscond from their nest.  There is a possibility that this 

slime also causes the adult beetles to search for a more suitable environment.  The 

presence of larvae clearly reduces egg laying, but the mechanism is not yet known.  
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Contact with the mass of larvae, the slime layer produced, or a possible odor associated 

with the larvae are all plausible theories.  Further studies need to be done to determine 

which, if any of these signals are the key to understanding this situation. 

When access for egg laying was limited to one slide per day, it appeared there was 

no more room for additional eggs after 24 hours.   It was hypothesized that if given more 

room, the females would be able to produce more eggs during the same 24 hour period.   

When the same test was performed using three slides instead of just one, the number of 

eggs produced did not increase as was expected.  This indicates that there are a maximum 

number of eggs that a female may deposit daily and space provided from one slide is 

adequate for this to be accomplished.  Given this information, it is clear that space would 

not be a limiting factor inside a beehive as there are numerous cracks and crevices 

suitable for egg laying.  

The results of these studies are important because they offer evidence for one 

theory of how the small hive beetle originally entered the United States.  One of the 

hypotheses is that they may have traveled on a shipment of fruit and entered at one of the 

major US ports. This research shows that a diet of fruit alone would be enough to sustain 

the adults for the duration of an overseas trip.  Previous studies have shown that without 

any food or water, adult small hive beetles are capable of surviving for up to five days 

(Pettis and Shimanuki, 2000).  Even if no larvae were produced, the adults might be able 

to survive long enough until they reached the US where they once again found their ideal 

resource with the honey bees.   

This also helps to explain the subsequent spread of the beetle once in the U.S.   

The beetle is not entirely dependent on the movement of bees (See Figure 1).   It had 
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been speculated that the rapid movement of the beetle north from Florida was primarily 

due to the movement of managed bee colonies by migratory beekeepers (Wenning, 

2001).  It is likely that this movement was a contributing factor in their distribution, 

however it may not be the only method.  It is also possible that trucks transporting 

shipments of fresh fruits or similar activities inadvertently shipped beetles.  
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Figure 1.  Dispersion of small hive beetle in the U.S. 
by year as of June 2002.* 

*Blank states may have unreported small hive beetle infestations. 
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*Blank states may have unreported small hive beetle infestations. 

Figure 2.  Reported incidents of small hive beetles found in beehives 
in North Carolina as of June 2002.* 
 
 
*Blank counties may have unreported small hive beetle infestations. 
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Figure 3.  Container showing adult beetles, slide for egg laying, 
and water source. 
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Figure 4.  Difference between number of eggs 
produced on the typical bee diet (left) vs the 
alternative diet (right).  
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 Figure 5.  Daily egg laying productivity of the small hive beetle exposed 
to various food sources. 
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Figure 6.  Daily egg production by small hive beetles after switching diets. 
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Figure 7.  Effect(s) of limited space and/or presence of larvae on egg laying 
by small hive beetles. 
 
Eggs produced by small hive beetles in the presence of larvae (1), absence 
of larvae but limited space (2), and absence of larvae and space not being 
limited (3). 
 
Bars with different letters are significantly different from each other at the 
p = 0.05 level 
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*  Data with different letters are significantly different from each other at the p = 0.05 level. 

 

 

    Table 1: Daily egg production by small hive beetles on various diets  
            
 control 
1 

control 2 control 3 avg banana 1 banana 2 banana 3 avg manduca 
1 

manduca 2 manduca 3 avg 

day 1 24 60 83 56 0 30 54 28 39 91 0 43 
day 2 235 301 271 269 0 61 64 42 21 142 0 54 
day 3 231 498 617 449 0 38 78 39 0 46 0 15 
day 4 259 669 799 576 0 12 64 25 14 62 0 25 
day 5 490 571 892 651 0 129 162 97 81 61 5 49 
day 6 643 732 838 738 0 129 162 97 26 183 0 70 
day 7 696 936 997 876 59 0 3 21 58 83 0 47 
day 8 825 818 841 828 13 7 3 8 10 78 0 29 
day 9 566 659 1039 755 33 7 8 16 73 87 0 53 
day 10 672 578 395 548 9 3 28 13 10 185 3 66 

             
sum 4641 5822 6722  114 416 626  332 1018 8  
avg   5745    385    453  
*avg/day   575 a    39 b    45 b 
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* Data with different letters are significantly different from each other at the p = 0.05 level. 

   Table 2: Daily egg production by small hive beetles after switching diets 
        
 beetles from banana to control diet beetles from control to banana diet beetles from manduca to control 

 #1 #2 #3 avg #1 #2 #3 avg #1 #2 #3 avg 
day 1 64 29 102 65 163 106 77 115 134 300 10 148 
day 2 112 251 402 255 33 0 0 11 463 436 51 317 
day 3 119 320 504 314 29 77 62 56 505 510 131 382 
day 4 146 243 544 311 71 153 83 102 515 404 194 371 
day 5 265 589 538 464 34 32 3 23 580 279 585 481 
day 6 101 320 439 287 40 10 0 17 576 715 408 566 
day 7 110 351 484 315 0 0 32 11 358 459 43 287 
day 8 119 198 374 230 63 57 98 73 486 486 0 324 
day 9 134 181 257 191 33 7 16 19 680 467 0 382 
day 10 95 107 146 116 28 3 0 10 465 367 0 277 

           
sum 1265 2589 3790  494 445 371 4762 4423 1422 
avg   2548    437   3536 
* avg/day   255 a    44 b  354 a 
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