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Abstract
Both edible insects and honey bees are important to our food system. Here, the link
between pest management practices in apiary systems and entomophagy (the human
consumption of insects) is explored. Chapter 1 provides background information on
beekeeping and entomophagy. Chapter 2 examines a mite control practice called drone
brood removal (DBR). This practice involves removing frames of drone larvae from
colonies. Beekeepers provided samples of nurse bees to see how their mite levels changed
over time. Overall, mite levels significantly increased from the spring to the fall, regardless
of mite control strategies. An experiment was conducted examining how removing two
drone frames impacted mite levels; this method was found to be effective in the month of
August at lowering mite levels. Chapter 3 examines the willingness of bug farms and
beekeepers to utilize drone larvae. A majority of beekeepers were willing to sell drone
larvae, and all bug farms were willing to sell drone larvae. Chapter 4 then examines how
this practice can be implemented, and explores potential avenues in which drones can be
better integrated into a sustainable food system.
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Chapter 1: Eating Bugs and Bees?
1.1 Edible Insects
Have you ever eaten a bug? It is common for people in developing nations to eat
insects as a source of food, but it is often frowned upon by Western nations. The practice of
consuming insects as human food is called entomophagy (Barennes et al., 2015; Shelomi,
2015; Van Huis et al., 2013). Edible insects are insects that are farmed or raised for humans
consumption. The most commonly consumed insects are Coleoptera (beetles) and
Lepidoptera (butterflies, moths and caterpillars) (Van Huis et al., 2013). The type of insect
consumed varies based on access; citizens of Laos tend to consume beetles or butterflies
because they are easily accessible in the wild (Barennes et al., 2015). Whereas, citizens of
Thailand tend to eat honey bees and wasps because they are more abundant (Graham et al.,
2015). Insects can be consumed at any stage in their life, but are most often eaten in the
pupal or larval stage (Van Huis et al., 2013). Many Westerners ask themselves, “Why
practice entomophagy?” For some, entomophagy is a necessity; in Africa, citizens eat
insects because other sources of protein are scarce (Agea et al., 2008). However,
Westerners generally do not eat insects due to the “disgust” factor, lack of access, and the
availability of other protein sources. Nevertheless, the potential advantages of integrating
insects into the Western diet are considerable on account of the benefits in terms of
sustainability and reliability.
Western citizens often do not have a taste for insects due to the “disgust” factor
(Shelomi, 2015; Yen, 2009). DeFoliart (1999) hypothesizes that the disgust factor stems
from the thought of bugs being gross or “icky.” After reviewing pieces of past literature and
reports of Western bias, DeFoliart (1999) concludes that Western culture views insects as
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gross, believing that edible insects belong in a hunter and gatherer society and not a
Western society. In their review of entomophagy, Shelomi (2015) argues that eating meat
is seen as culturally superior, suggesting that eating insects is often viewed as primitive.
Television shows such as Survivor or Fear Factor have contributed to the idea of insects as
a specialty or weird food by turning entomophagy into a game (Shelomi, 2015; Yen, 2009).
By framing entomophagy in such a light it further ingrains into Western culture that insects
are not an everyday food, and inhibits Westerners from utilizing a valid source of protein.
A second barrier to entomophagy, specifically in the West, includes access to edible
insects. Edible insects are not sold in grocery stores; in fact, the most accessible insects are
those sold at pet stores as pet food (Van Huis et al., 2013). If a Western consumer wants
insects, they will have to order their insects online from bug farms; whereas meats are
available at almost every grocery store. While these online stores exist, shipping is
expensive and few food products exist; such foods include: protein bars, cookies, bolognese
sauce, and flour. In contrast to online shopping, there are festivals that will sell insects, but
this contributes to the idea of insects as being a specialty food, not an everyday food
(Shelomi, 2015). Proponents of entomophagy argue that Western media needs to start
educating the public on consuming insects, and grocery stores need to start selling edible
insects to make them more accessible to the everyday consumer (DeFoliart, 1999). Seeing
insects on a shelf in the food aisle or finding a recipe book in the bookstore may make
people more apt to try edible insects (Shelomi, 2015). A lack of easy access and visibility
prevents edible insects from becoming more of a norm and less of a specialty food.
Lastly, Western countries do not often eat insects because of the availability of other
protein sources. In underdeveloped nations where access to meat is limited, they may
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utilize insects as a protein source (Barennes et al., 2015; Van Huis et al., 2013). However,
Western countries do not have a protein gap. It is hard to sell a product when there is
already a culturally acceptable alternative. Proponents of entomophagy believe that
Western countries need to begin accepting edible insects, due to the continual rise in
demand for meat (Van Huis et al., 2013). In order for this practice to become widespread, a
portion of Western culture will need to change to become more “bug-friendly,” and see
insects as food for everyone; this can occur either through a change in the market as other
countries enter the commercial meat market and meat demand begins to increase, or
through increased popularity of commercial bug farms.
Whilst the barriers listed above exist in the West, there are multiple advantages to
edible insects, such as their sustainability and reliability. One advantage of edible insects
comes in terms of providing a more sustainable protein source. In order for something to
be considered sustainable, it must meet the three pillars of sustainability: it must be
socially equitable, economically viable, and possess ecological integrity (World Commission
on Environment and Development, 1987). In terms of ecological integrity, edible insects
meet this definition because they are more easily reared and cared for due to their small
size. In this paper, “meat” is defined as the flesh of cattle, chickens, birds, pigs and fish;
when discussing the production of meat, conventional methods of production are assumed.
An insect’s small size means it requires less living space, less water and has lower
greenhouse gas outputs than conventionally reared meats (Caparros Megido et al.,
2014;Graham et al., 2015; Shelomi, 2015; Van Huis et al., 2013; Figure 1.1). On average,
insects convert two kilograms of feed into one kilogram of mass, whereas cattle, on
average, convert eight kilograms of feed into one kilogram of mass (Van Huis et al., 2013).
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Additionally, a one kilogram sample of mealworms produce fewer greenhouse gases over
the course of its lifetime than the animals needed to make one kilogram of milk, chicken,
pork, and beef (Oonincx and Boer, 2012).The United Nations found crickets to have higher
proportions of consumable body parts and higher efficiency in converting feed than
poultry, pork or beef (Figure 1.2), making them overall more sustainable because humans
can consume a higher portion of the organism while using fewer resources to rear said
organism (Van Huis et al., 2013). Overall, insects are more ecologically viable than
traditional, conventionally reared meats because they produce lesser amounts of
greenhouse gases, and require fewer resources when produced on their current scale.
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Figure 1.1. Infographic showing the grams of feed and liters of water required to produce
one kilogram of different protein sources. Data is from Van Huis et al., (2013) and
infographic designed by Justinkyle.net for Little Herds.org
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Figure 1.2. Comparison of kilograms of feed to its edible weight and liveweight. Edible
weight is the weight when the animal is prepared to be consumed, liveweight is the weight
when the animal is still living. The figure also includes the percentage of each animal
humans can consume as food. Figure taken from Van Huis et al. (2013).

In terms of economic viability, edible insects provide ways for those in developing
or poor countries who cannot go out and work to earn income. Often times these collectors
and sellers are women and children who may not be able to hold formal jobs (Van Huis et
al., 2013). While Westerners may not need to rely on insects as a source of income, edible
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insects do provide a way to diversify the protein industry. This could be especially
important as the meat industry begins shifting towards sustainable production of meat,
which often leads to a reduced yield. Covering the last pillar of sustainability, social equity,
edible insects are available worldwide. Furthermore, this ties in with how insects tend to
be a reliable source of protein. Edible insects are commonly utilized within developing
nations (Van Huis et al., 2013), meaning that edible insects are easily accessible to a large
range of people when collected from the wild. Insects that are consumed are often
abundant in the area, and since insects use few resources, they are also often abundant
even in times of drought or harsh climates (Van Huis et al., 2013). There are over 2,111
edible insect species worldwide (Jongema, 2017), and while collecting from the wild may
not be sustainable for the insect populations (DeFoliart, 1999), they are accessible to
almost everyone in some way, shape, or form. Thus, edible insects outweigh traditional
meats in terms of sustainability due to their low impact on ecosystems, their reliability and
availability, and the opportunity to diversify the protein market.
As stated above, people often consume insects that are abundant, such as crickets or
beetles. One insect that is uncommon to eat is Apis mellifera, also known as the Western
Honey Bee; they are also the insect of discussion for this paper. Raw drone larvae and
pupae are soft, with Jensen et al. (2016) denoting that consumers possess the ability to pop
the drone open in their mouth to reveal a gooey inside. The overall taste of raw drone
larvae or pupae can vary, but is often described as similar to a nut (Jensen et al., 2016).
Researchers hypothesize that foraging activity, environment, and possibly genetics can
influence taste (Evans et al., 2016). As with most food items, consumers must be wary of
allergies. Typically those with shellfish allergies will have some sort of reaction to insects
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due to similarities between the organisms (Barennes et al., 2015). Those with allergies to
bees or wasps are advised not to consume bees, for the impacts of these allergies on
consumption are unknown (Graham et al., 2015). While markets have explored the use of
crickets and mealworms, it may be worthwhile to explore the benefits of consuming drone
larvae for both beekeepers and bug farms.

1.2 Honey Bees
Apis mellifera is an insect found on every continent except Antarctica. They have an
intricate social organization, living together in colonies. Each colony contains one fertile
female Queen, at least 20,000 – 80,000 infertile female workers, and 200-300 fertile males,
also known as drones (Adjare, 1990). Each bee plays a specific role in the colony: Queens
lay the eggs for the colony, workers keep the colony functioning, and drones mate with
Queens of other colonies. Worker bees perform most of the colony’s functions. There are a
number of roles workers take on, such as: the nurse bees who feed brood, foragers who
leave the colony to collect nectar and pollen, guard bees who protect the colony against
potential threats, brood rearers which assist in raising brood, and comb repairers who help
fix comb within the hive (Crane, 1999; Winston, 1987). The success of a colony depends on
how well the social structure of the colony works.
Honey bees have four main life cycle stages: egg, larvae, pupae, and adult (Crane,
1999; Sammataro and Yoder, 2011; Winston, 1987; Figure 1.4). Eggs are laid by the Queen
and will develop into larvae. Larvae will spend the majority of their time eating; once the
larval cell is covered with a wax capping they undergo five molts (Winston, 1987). After
approximately 20 days, the bee emerges as an adult (Winston, 1987). The entire cycle takes
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21 days for workers, 24 days for drones, and 16 days for Queens (Graham et al., 2015;
Winston, 1987). The life span upon emerging varies based on the time of year and food
resources available. A spring worker bee will live anywhere from 30-60 days, whereas a
summer worker bee may only live from 15-40 days. Winter workers can live much longer,
with record life spans being recorded from 304-320 days (Winston, 1987). Drones live an
average of 21-32 days, but those reared during late summer/early autumn are often
expelled from the hive and die (Winston, 1987). Queens live on average for one to three
years, (Winston, 1987). The honey bee life cycle is well described and important in
understanding the function of a honey bee colony.
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Figure 1.4. Life cycle of each type of honey bee. Demonstrates the average number
of days it takes for each stage to be completed. Figure from Blackiston (2009).

Honey bees are one of the most important pollinators (Evans et al., 2016;
Sammataro and Yoder, 2011; Van Huis et al., 2013; Vanengelsdorp and Meixner, 2010;
Winston, 1987). Pollination of flowers occurs during the collection of pollen and nectar.
Pollen is often collected from flower stamen, and nectar from floral nectaries (Winston,
1987). Bees are generalist pollinators (Vanengelsdorp and Meixner, 2010), pollinating
more than one third of commonly consumed foods (Morse and Calderone, 2003), including
almonds, apples, avocados, watermelons and pumpkins. Since honey bees are widespread
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throughout the world, the plants they pollinate will vary based on the area. In Ohio, honey
bees will pollinate flowers such as Taraxacum officinale (dandelions), herbs such as Borago
officinalis (borage), and trees such as Acer saccharum (sugar maple) (Ellsworth, 2014). It
has been estimated that the value of honey bee pollination on crop yields is $9.3 billion
(Cook et al., 2007). Honey bees are an important commodity for food security, providing
humans with a source of food and income.
Honey bee decline can significantly impact the pollinating economy. Beekeepers
may rent out their bees for pollination services. During the night, beekeepers will move
colonies to agricultural land such as pumpkin patches, apple orchards or almond orchards,
leave the bees for a few days, and then take the bees back to their apiary (Horn, 2005). An
increase of commercial pollination in the 1950’s led to an increase in beekeeping during
this time (Horn, 2005), thus allowing the beekeeping industry to begin flourishing. In 2005,
the economic value of insect pollination was estimated at $246 billion, with a total of 84%
of crop species depending on insect pollinators, specifically honey bees (Gallai et al., 2009).
The decline of honey bees has had significant impacts on the pollinating economy, as honey
bee decline means fewer plants are pollinated, which causes a drop in profit for farmers
(Gallai et al., 2009). Grunewald (2010) estimates that a complete loss of bee pollination
would reduce the monetary value of stimulant crops (ie. coffees, teas, cocoa) by 39%, and
the value of nuts by 31%. The appearance of the Varroa mite in the 1980’s significantly
impacted the beekeeping economy by shutting down the Queen rearing industry and
causing die-offs of bee colonies (Horn, 2005). Honey bee decline significantly impacts
pollination, an issue as the demand for pollination of crops increases, and influences the
lives of beekeepers who lose income when their bees die off. However, certain mite control
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practices may be able to prevent colony loss while also increasing the amount of income
gained from honey bees.

1.3 Varroa destructor and Honey Bees
As with most creatures, honey bees face a variety of threats. One such threat is
Varroa destructor, a parasitic mite that lives on honey bees (Figure 1.5). Until the early
1990’s, the mite was classified as Varroa jacobsoni (Rosenkranz et al., 2010), and is
commonly referred to as Varroa. They originally parasitized the Asian honey bee, Apis
cerena and the Indonesian honey bee, Apis nigrocincta (Graham et al., 2015; Rosenkranz et
al., 2010; Sammataro and Yoder, 2011). The shift to parasitizing European honey bees, Apis
mellifera, likely occurred during the transport of colonies from East Asia to Russia during
the 20th century (Rosenkranz et al., 2010). With the exception of Australia, their range
mirrors that of European honey bees (Honey Bee Health Coalition, 2017). Varroa is one of
the most damaging pests to honey bees (Honey Bee Health Coalition, 2017) and requires
vast amounts of control.
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Figure 1.5. A honey bee with two varroa mites, one on its thorax and one on its
abdomen. Photo taken by Bridget Gross, August 2017.

In general, the Varroa life cycle is closely related to the honey bee’s (Huang, 2012;
Figure 1.6). Adult mites live on adult bees and use bee brood cells for reproduction. During
reproduction, the female mite will enter the brood cell and stay at the bottom of the cell
(Rosenkranz et al., 2010). After the capping of the brood cell, she will consume the larval
food. The first Varroa egg is laid approximately 60 - 70 hours after capping (Ifantidis,
1983), with female mites taking about 5.8 days to develop and males taking 6.6 days to
develop (Donzé & Guerin, 1994).
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Figure 1.6. Diagram of the life cycle of V. destructor, as published in Huang (2012).

Directly after maturing, Varroa will begin mating. Males will mate with the female
within the capped brood cell (Donzé et al., 1996). Overall reproductive rates are unclear, as
mites perform an average of 7 cycles in laboratory conditions (Ruijter, 1987), but field
conditions often only allow for 2-3 mating cycles (Fries and Rosenkranz, 1996; Martin and
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Kemp, 1997). Females have a phoretic phase that is lived on the adult bee and a
reproductive phase under the brood capping (Rosenkranz et al., 2010). Varroa feed off the
adult bee’s hemolymph, often not killing the bee once emerged (Donzé and Guerin, 1994;
Garedew et al., 2004). However, it has been found that half of infected honey bees will not
emerge from their cells (Bowen-Walker et al., 1999). As colonies depend on worker bees to
perform most colony functions, the loss of workers to Varroa can cause a colony to die off.
Since mites are responsible for half of colony overwintering losses (Whitehead,
2016), they also significantly affect the pollinating economy (Cook et al., 2007), and
numerous efforts must be made to prevent honey bee death. When mites kill off colonies or
make colonies sick, beekeepers lose thousands of dollars in terms of honey production, and
ecosystems degrade as their pollinators disappear. To combat Varroa, it is recommended
that beekeepers test their hives four times a year (Honey Bee Health Coalition, 2017).
Multiple methods can be used in testing for mites and controlling mites. The three most
common mite tests include: (i) sugar shakes – the process of covering bees in powdered
sugar and shaking mites off the bees, (ii) alcohol washes – putting bees in a jar of ethyl
alcohol and sifting mites off of bees, and (iii) mite drops – a sticky board is placed inside the
hive that captures the mites as they fall off bees. Mite control falls into two categories:
chemical treatment and mechanical treatment. Most beekeepers prefer to avoid chemical
treatment due to possible negative impacts on honey bee health (Whitehead, 2016).
Mechanical controls involve some sort of trapping or non-chemical treatment. These types
of controls include breeding for mite resistance, brood trapping, colony splitting, and drone
brood removal, among other methods (Whitehead, 2016). Typically, beekeepers will utilize
an integrative pest management, which involves using a combination of methods to combat
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Varroa (Whitehead, 2016). Mechanical methods are of particular interest since they do not
utilize chemicals, and are preferred by beekeepers.
Mechanical methods of mite control may be able to lower mite levels, while also
providing benefits in terms of edible insects. The first goal of this Independent Study is to
further examine the effectiveness of a mechanical mite control called drone brood removal
(DBR). It is hypothesized that hives treated with DBR will have lower mite levels
throughout the beekeeping season than untreated hives. The second goal is to examine
beekeeper and bug farm willingness to utilize drone larvae as a potential edible product.
Beekeepers and bug farms were interviewed regarding the marketability of drone brood as
human food. It is hypothesized that beekeepers and bug farms will be open to including
drone larvae in their markets. Overall, the goals of this proposed research is to investigate a
viable method of DBR, understand the economic benefit to the beekeeper and examine a
new sustainable food source.
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Chapter 2: Drone Brood Removal
2.1: Overview and Background
As discussed in Chapter 1, Varroa destructor is a parasitic mite that is a major threat
to honey bee survival, often because Varroa is a major vector of bee-related disease
(Rosenkranz et al., 2010). Drone brood removal (DBR) is a form of mechanical mite control
(Calderone, 2005). Methodologies of treatment vary, but tend to follow a similar pattern of
trapping mites in drone cells. Frames with larger than normal comb cells are commonly
referred to as drone frames, as the large comb cell encourages the Queen to lay drone eggs.
To begin the treatment, drone frames are placed in the hive (Figure 2.1). These frames are
left in the hive for two to three weeks, and subsequently removed while the larvae are
under a wax capping. Beekeepers can then take one of two routes: (i) kill off the larvae or
(ii) place the frame in another colony. The number of frames initially placed inside a hive
can differ, as most research has only placed one or two frames inside the colony
(Calderone, 2005; Wantuch and Tarpy, 2009; Whitehead, 2016), but there are records of
beekeepers placing up to four frames per colony (P. Garnes, personal communication, April
11th, 2017). Drone brood removal is often performed in the spring, and beekeepers may
stop removing during the summer depending on the severity of mite loads.
The theory behind DBR lies in the fact that Varroa are more attracted to drones than
workers. Mites are eight to ten times more likely to infest drone brood (Boot et al., 1995;
Fuchs, 1990), with mites averaging 2.2-2.6 offspring per drone and 1.3-1.4 offspring per
worker (Fuchs and Langenbach, 1989). This is influenced by a variety of factors, with the
largest contributing factor believed to the be the size of the cell and relative drone larval
size (Boot et al., 1995; Goras et al., 2016; Wantuch and Tarpy, 2009). Since drones spend
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more time under capping it allows mother mites the chance to lay more eggs, and the
relative size of drones provides more nutrition to juvenile mites than workers (Boots et al.,
1995; Goras et al., 2016; Wantuch and Tarpy, 2009). Boots et al. (1995) found that when no
other brood is present in a colony, 462 drone cells can capture approximately 95% of mites
in one kilogram of bees. Thus, the theory of DBR is that removing infected drones will
result in removing a large portion of mites.
However, the effectiveness of DBR is questioned. DBR is a common practice
throughout Europe, where it is thought to be an effective form of mite control and is a
highly encouraged practice by beekeeping associations (J. Grenz, personal communication,
July 11th, 2017). The practice is not widely used in the United States because of the amount
of labor it requires (Whitehead, 2016). Furthermore, research on DBR is inconclusive as to
its effectiveness. Calderone (2005) found that DBR reduced mite levels over a year without
requiring another mite treatment. Conversely, Wantuch and Tarpy (2009) report that DBR
only lowered mite levels within the two months following treatment, and that by autumn,
mite levels matched those of untreated colonies. VanEngelsdorp et al. (2009) found that
DBR lowered daily mite levels, whereas untreated colonies experienced an increase in mite
levels. The Honey Bee Health Coalition (2017) distributes a yearly guide on Varroa control
to U.S. beekeepers, noting that DBR is not a strong mite control alone, and requires two to
three removals to be effective. However, intense DBR (DBR strategies that involve inserting
more than one frame) may be more effective at controlling mite levels (Whitehead, 2016).
Some have theorized that DBR is most effective when implemented in late spring/early
summer, so the colony can recover the lost brood (Honey Bee Health Coalition, 2017),
however there are beekeepers who use DBR throughout the season. Inconsistent results
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are likely attributed to differences in methodology, and if DBR is to be successful, a better
designed protocol is needed.

Figure 2.1. A box with the drone frame (light green) in the fourth frame position.
Taken by Bridget Gross in June 2017.
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2.2: Research Procedure
The goal of this research was to determine the effectiveness of DBR as a form of mite
control. It is hypothesized that hives treated with DBR will have lower mite levels
throughout the beekeeping season than untreated hives. Data collection began in April
2017, as DBR is often conducted starting early in the spring. Colonies are located at East
Badger Farm (40°46’52.9” N, 81°50’22.3” W) in Wooster, Ohio. Six colonies were located at
East Badger in April 2017, and were randomly assigned to be either a control or treatment
colony. The control colonies received regular brood frames, and treatment colonies
received drone frames. Two frames were inserted into each colony near the center of the
box in the brood chamber to encourage the laying of eggs rather than the bees using the
frames to store honey or pollen (Winston, 1987). The first frame was inserted in the fourth
frame position of the colony (Figure 2.2). Seven days later, a second frame was inserted in
the fifth frame position (Figure 2.3). Twelve days after a frame was inserted, the frame was
inspected for removal. If it was full of capped drone larvae, then it was removed. If not, it
was left in the hive and checked at a later date. No frames were left in the colony for more
than twenty days (Table 2.1). The insertion of frames was staggered to avoid removing too
much brood from the colony at once. Alcohol washes were performed on each colony
before the first trial in April. A trial began with the insertion of the first frame, and ended
with the removal of the second frame. Three trials of drone brood removal were conducted
across April, May and June.
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Table 2.1. Timeline of when frames were inserted or removed, and when alcohol
washes were conducted.
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Figure 2.2. Frames are numbered going left to right when standing at the entrance
of the hive. On the first day of treatment, frame 1 is removed and the first research
frame (either a treatment or control frame) is inserted inbetween the fourth and
fifth frame.
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Figure 2.3 Frames are numbered going left to right when standing at the entrance
of the hive. Seven days after the first insertion, frame two is removed, all the frames
except the first inserted frame are shifted over and a second research frame
(treatment or control) is inserted inbetween the first frame and the sixth frame.

An alcohol wash was performed before the experiment started to set a baseline mite
level. Alcohol washes were then performed at the end of each trial and in July and August.
Each wash was approximately four weeks apart. To take an alcohol wash, three brood
frames were shaken into a bin, and the bees were shaken to thoroughly mix the three
frames of bees. A half cup of nurse bees (approximately 300 bees) were scooped into a
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bottle filled with 200 mL of 70% ethyl alcohol. Brood frames are ideal because they usually
possess larger numbers of nurse bees than pollen, nectar, or honey frames. After bees were
put in the bottle, the bottle was then taken back to the lab. At the lab, bottles were shaken
in a Gyrotory Water Bath Shaker for 30 minutes at speed 8. The contents of the jar were
poured over a honey strainer, which is a double decker strainer that has a loose mesh on
top and tightly woven mesh on bottom. This separated the bees from the mites, leaving the
bees on the top strainer and mites in the bottom strainer. The bottle was rinsed out with
water and again poured over the strainer, to ensure all mites and bees were out of the
bottle. The bees and mites were then counted to create a mite/bee ratio, following
standards set by the Honey Bee Health Coalition (2017). The mite/bee ratio is also known
as a “percentage of mites,” and accounts for the number of mites per 100 bees. For
example, a mite count of 3% indicates that there are approximately three mites per 100
bees.
Prior to inserting the frame, an estimate of the colonies health was taken in the form
of counting seams of bees. A seam of bees is when the space between two frames is filled
with bees; if the number of seams within a colony suddenly drops, it indicates a drastic loss
of bees and possibly a decline in colony health. This estimate ensured that each colony,
whether receiving treatment or not, was healthy. Other than mite treatment, colonies
received regular colony maintenance, such as the addition of boxes, removal of honey, and
checking for the Queen.
Colonies possessed deep or medium boxes, often having a combination of the two.
Deep frames were used for this experiment. Each box held eight frames. Brightly colored
shapes were tacked on the front of each hive, with the hopes of preventing drifting between
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the hives. East Badger Apiary is surrounded by agricultural fields, but the hives themselves
were surrounded by wild flowers and tall grasses.
Colony 171, a control colony, was removed from the experiment on May 24th, 2017.
The colony had a mite level of 19.9% (19.9 mites per 100 bees), which is above the
“danger” threshold of 3%, as set by the Honey Bee Health Coalition (2017), and dropped to
two seams of bees. To prevent killing off the colony, or the possibility of parasitized bees
infecting the surrounding colonies, the colony was moved to a different apiary and treated
with Oxalic Acid. Alcohol washes were performed on the colony later in the season to
measure how they were recovering.
To account for a smaller sample size, different beekeepers were asked to participate
in an alcohol wash sample in the spring and fall. Alcohol washes were taken in late
June/early July, and again in late August/early September. Between three to twelve hives
were visited at each apiary in the spring, and then revisited in the fall. Beekeepers were not
asked to follow any specific beekeeping protocol, but their method of mite control was
recorded. They either did not treat their colonies for mites, treated with drone brood
removal, or treated with Oxalic Acid. Oxalic acid is a form of chemical mite control. One
alcohol wash was taken at the beginning of summer to set a baseline mite count, and one at
the end of summer, when beekeepers are usually testing for mites to determine if
treatment is needed before bees begin to winterize.
Data was analyzed with the IBM SPSS program. All assumptions for statistical tests
were met. A total of seven beekeepers participated in the alcohol wash samples, with a total
of 52 colonies sampled. A Repeated Measures ANOVA was used to analyze the beekeeper
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data. At East Badger, five colonies, three treatment and two control, were utilized. A
Repeated Measures ANOVA was also used to analyze this data.

2.3: Results
A total of 59,573 bees were counted. Additionally 1,503 mites were counted over
the course of this study. Mite levels for beekeepers were significantly different between the
spring and fall measurements, showing an increase over time (Figure 2.4; Repeated
Measures ANOVA, p: 0.005, F: 8.601, df: 1; 50, N: 51). No significant difference was found
between the mite levels of beekeepers (Figure 2.5; Test of Between-Subject Effects, p:
0.169, F: 1.604, df: 6, N:7).
No significant difference was found between the control and treatment colonies
from the East Badger experiment for the months of April-July, but a significant difference
was seen between the control and treatment colonies in the month of August (Figure 2.6;
Mann-Whitney U, p: <0.001, N:5, df: 4). Data prior to treatment was compared to data taken
post-treatment. There was no significant difference between pre-treatment and posttreatment mite counts (Figure 2.7; Repeated Measures ANOVA, p-value: 0.190, F: 2.858, df:
1), and no significant difference between the control and treatment groups (Figure 2.7; pvalue: 0.222, F: 2.367, df: 1). There was no significant interaction between frame type
(control or drone) and when the frames were inserted (pre-treatment or post-treatment)
(Figure 2.7; Within-subjects variable; p: 0.276, F: 1.142, df: 1).
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Figure 2.4 Compiled Beekeeper Mite Counts. Comparison of average mite count in
spring (Late May/Early June) and fall (Late August/Early September). A repeated measures
ANOVA showed a significant difference between mean mite percentage based on the timing
of the alcohol wash, with an increase in mite count in the fall (p: 0.005, F: 8.601, df: 1;50, N:
51). Error bars represent +/- 1 standard deviation.
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Figure 2.5 Mite Count per Beekeeper. Comparison of average mite count per beekeeper.
There was a signicant difference found between the spring and fall alcohol washes
(Repeated Measures ANOVA, p:0.07, F:3.449, df: 1, N: 51). No significant difference was
found among beekeepers (Test of Between-Subject Effects, p: 0.169, F: 1.604, df: 6, N:7).
Blue bars represent the first alcohol wash taken in the spring, and red bars represent the
second alcohol wash taken in the fall. Error bars represent +/- 1 standard deviation.
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Figure 2.6 East Badger Mite Counts. Comparison of average mite count from AprilAugust. Pre-treatment washes occurred in the month of April. Blue bars represent control
colonies (N=2) and red bars represent treatment colonies (N=3). No significant difference
was found between control and treatment colonies in the months of April-July, however a
difference was found between control and treatment colonies in the month of August
(Mann-Whitney U, p: <0.001, N:5, mean: 7.6322, df: 4). Error bars represent +/- 1 standard
deviation.
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Figure 2.7 Pre-Treatment versus Post-Treatment Graph represents the mean mite
percentage pre-treatment and post-treatment. Blue bars represent control colonies (N=2)
and red bars represent treatment colonies (N=3). There was no significant difference
between pre-treatment and post-treatment mite counts (Repeated Measures ANOVA, pvalue: 0.190, F: 2.858, df: 1), and no significant difference between the control and
treatment groups (Test of Between Subject Effects; p-value: 0.222, F: 2.367, df: 1). Error
bars represent +/- 1 standard deviation.
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2.4: Discussion
The initial hypothesis that DBR would lower mite levels throughout the season was
not met. Beekeepers showed an increase in mite levels throughout the season. It is
surprising that no treatment used by beekeepers (oxalic acid, DBR, or no treatment)
lowered mite control. As mite levels increased across all treatments, it cannot be
determined whether DBR was effective from these results, as there were likely outside
factors that influenced mite levels of all beekeepers. However, seeing increased mite levels
in the fall after treating with DBR in the spring concurs with the results from Wantuch and
Tarpy (2009). Some beekeepers also lost colonies or combined colonies between the two
samples; for example, beekeeper C lost two high mite load colonies after the first sample
but before the second sample. As treatment and care for colonies was not controlled for by
the researcher, it is difficult to determine why there is an increase in mite load over time
regardless of treatment.
When examining the beekeeper data, we see that mite loads increased overtime.
This could be due to what are known as “mite bombs” – an occurrence where one or two
hives in an apiary have an unusually high level of mites when most other colonies in the
same apiary have low mite levels. Mite bombs are not well researched, and apidologists
and beekeepers are skeptical about their occurrence (Offord, 2017). It is hypothesized that
mite bombs may occur due to bees robbing from other colonies, thus spreading Varroa
between hives, or through shared foraging areas (Burnham, 2016). While the existence of
mite bombs is debatable, every beekeeper in either the first or second treatment had one
or two hives with extrememly high mite counts, when other colonies were at relatively low
mite levels. Colonies with randomly high mite levels likely had an impact on the data,
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raising the average mite load per beekeeper. While unclear as to whether these colonies
are considered “mite bombs,” their high mite levels influenced the results of this study.
Another issue is that of climate and weather. Similar to how farmers are
experiencing changes in agriculture due to climate change, beekeepers are noting how
changes in the climate and weather are impacting bee colonies. Summer 2017 was
particularly cold in May and June, and beekeepers were reporting issues with Queens not
mating, meaning that the Queen was not laying eggs, and thus impacting the brood levels
within colonies. In order to regulate hive temperature, bees will stop foraging and stay
inside the hive if it is too cold outside, common threshold being 55 degrees Fahrenheit
(Wilson-Rich et al., 2014) Therefore, cold springs mean bees are not taking advantage of
blooming flowers, and thus are not receiving the necessary food needed to survive and rear
brood. Conversely, as climate data indicates that it is becoming warmer earlier in the year,
some researchers worry that this may cause a temporal mismatch between when bees
begin to forage and when flowers bloom, and bees may die off due to not receiving enough
pollen and nectar (Wilson-Rich et al., 2014). Due to the cold temperatures early in summer
2017, some beekeepers were also reluctant to enter colonies. Since bees will stay in their
hive when it is cold, beekeepers are often hesistant to enter the hive for fear of angering the
hive or harming the hive. The effectiveness of drone brood removal may have been
impacted due to a lack of brood rearing or lack of food due to colder temperatures.
Results from the East Badger data set are not consistent with the results from the
beekeeping data, or with Wantuch and Tarpy (2009). The beekeeper data showed an
increase in mite load in August/September, but the East Badger data shows a decline in
mite load in August for DBR-treated colonies. Wantuch and Tarpy (2009) found that DBR
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lowered mite levels in the spring, but saw mite levels rise in the fall, conversly at East
Badger mite levels decreased in the spring, increased over the summer, and decreased for
DBR-treated colonies in the fall. These results are consistent with Whitehead (2016), who
saw that DBR treated colonies had lower mite levels in August than in May. Such results
suggest that DBR is effective at controlling mite levels.
Differences seen between research regarding DBR are likely due to differing
protocols of DBR. Different research produces different results because there is no
standardized DBR protocol. Even the DBR protocol between beekeepers and East Badger
were different. The Honey Bee Health Coalition does not define any exact protocol for
beekeepers to follow. Whitehead (2016) found that using one frame with DBR was
ineffective, and suggested that more intense methods may be effective. A “two-queen
system” can be used, where two hives share a top drone box, making for easier drone
removal, additionally, this system is effective in reducing mite levels (VanEngelsdorp et al.,
2009). Calderone (2005) and Wantuch and Tarpy (2009) used two frames for DBR, with
varying levels of effectiveness. While some beekeepers have had success with using one
frame, research is showing that two or more frames may be more effective. The East
Badger experiment utilized two frames, adapting DBR protocol from a local beekeeper (P.
Garnes, personal communication, April 11th, 2017). Beekeepers involved in this
experiment utilized one DBR frame, and did not have lowered mite levels, compared with
East Badger colonies, which did have lowered mite levels. Thus, in concurrence with prior
literature, it would be recommended that at least two frames per DBR treatment be used.
Another protocol difference between beekeepers and researchers is that research
often only examines DBR as a form of mite control early on in the beekeeping season, as
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that is when colonies are more apt to rear drone brood (Winston, 1987). Colonies will rear
less brood later on in the season due to an increase in honey production (Graham et al.,
2015; Winston, 1987), thus beekeepers may be hesistant to rear drones late in the season.
The experiment at East Badger stopped implementing DBR in June, due to the reasons
listed above, but did see lower mite levels in August. However, autumn is typically when
beekeepers want to reduce mite load, as a high mite load going into winter often leads to
colony death. Therefore, implementing DBR later in the season, such as until September,
and thus removing mites later in the season, may be effective in increasing colony overwinter survival.
The length of DBR implementation also differs. Most research, including this project,
only examined the effectiveness of DBR over the course of a season or two. A typical
beekeeping season lasts from March to November. However, beekeepers often use DBR
over the course of many seasons. It is unknown if perhaps it takes multiple seasons for DBR
to appear effective, or if it is effective right away. It is unlikely that DBR is effective within
its first season of implementation due to the need to lower the mite population. As only one
month demonstrated DBR as effective, this research would not support hypotheses that
DBR is effective within the first year of use.
Thus, researchers must continue to work towards determining a protocol for DBR. It
is recommended that at least two frames are used per DBR treatment. Furthermore,
research in the area is needed to determine the length of time for implementing DBR. This
research found marginal effectiveness using DBR from April to June, but would encourage
further research in examining the effectiveness of DBR when used in the months of July or
August. As stated above, DBR may also be more effective after being used over the course of
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a few seasons, rather than just a singular season. With further research, a set protocol for
effective DBR could be determined.
Furthermore, DBR may be more useful as part of an integrated pest management
system. This is suggested by the Honey Bee Health Coalition (2017), Ontario Beekeepers’
Association (Ontario Beekeepers’ Association), and Whitehead (2016). One beekeeper
noted that DBR works better as a form of mite management rather than mite treatment,
and the use of DBR may still require a chemical form of mite treatment every few years.
Since DBR does not kill all the mites in the colony, DBR may work better as a management
strategy to keep mite levels low rather than as a treatment strategy. Research may want to
shift its focus to DBR as a form of mite management. As only marginal success was found
with DBR treatment on its own, it is hypothesized that DBR may be more effective as part
of an integrated system.
One important statistical note are the F-statistic for Figures 2.5 and 2.7. While not
statistically significant, the F-statistics for Figures 2.5 and 2.7 were large enough to suggest
a strong trend towards a difference between spring and fall treatments (Figure 2.5) and a
difference between pre-treatment and post-treatment mite loads (Figure 2.7). A F-statistic
is often close to one when a null hypothesis is accepted, and as the statistic increases, the
lesser the chance of accepting the null. As the F-statistics in Figures 2.5 and 2.7 were
greater than two, it may be evidence that had the sample sizes been larger, a difference
may have been statistically detected. Therefore, while these results conclude that DBR is
only effective in the month of August, larger investigations into the area are needed to
explore these differences.
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The importance of determing effective forms of mite control cannot be stressed
enough. If beekeepers are using inefficient methods, then the colony is at risk of collapsing,
and other bees are at risk of receiving Varroa, resulting in a loss of income for the
beekeeper and a loss of a pollinator for the surrounding ecosystem. The effectiveness of
DBR is still questionable, but it is likely to be somewhat effective, particularly if it is
included in an integrated pest management system. Methods of DBR should also be
explored, to determine what is the most efficient form of DBR. As beekeepers continue to
move towards non-chemical methods, determining which methods are efficient and
effective is of the utmost importance.
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Chapter 3: Why the Buzz Aren’t We Eating Bees?
3.1. Overview and Background
As discussed in Chapter 1, entomophagy is the purposeful consumption of insects by
humans. Edible insects are insects that are used as a source of human food. Barriers to
edible insects within the West include the “disgust” factor, availability of products, and a
lack of a protein gap. However, edible insects are beneficial in terms being more
sustainable than traditionally produced and processed meats. Edible insects require lesser
amounts of feed than traditional meats (Van Huis et al., 2013), fewer resources for rearing
(Rumpold and Schlüter, 2013), and provide a way to diversify the protein market.
Especially as developing countries enter the protein market and the demand for meat
increases, edible insects may be able to provide alternative protein sources.
In North America and Europe, edible insects come from companies known as bug
farms (Borel, 2015). A “bug farm” is a company that falls into one of three categories:
(i)

They raise and sell insects to consumers, often selling the whole insect, for
example, consumers can buy bags of roasted crickets

(ii)

They do not raise insects, but rather purchase insects from another producer
and then process said insects into different products, such as protein bars or
cookies

(iii)

They raise insects and then process said insects into products.

The phrase “bug farm,” is the colloquial phrase used in Western media to refer to these
farms, even though not all bug farms are necessarily farming bugs. Within the field of
entomophagy, bug farms often think of insects as livestock, and thus try to afford them
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decent living conditions and humane deaths (Waltner-Toews, 2017a). Their work helps to
break down stigma surrounding edible insects, and better reach Western consumers.
The ethics of how humans interact with insects has been discussed in previous
literature, particularly with regards as to whether insects should be afforded sentience
(Lockwood, 1988). Opinions towards edible insects tend to fall into two categories: a
utilitarian approach and a humanistic approach. An utilitarian approach is where
organisms are thought to be used to serve humans, a common example being the usage of
animals to do work in agricultural fields or provide food, whereas a humanistic approach is
when nature is considered valuable due to the bond humans may form with nature, for
example how people value and care for their pets (Kellert, 1996). How people think of
honey bees may fall into both categories; some beekeepers may think of their bees as a pet
rather than livestock, and conversely, others may think of bees as livestock. People may
either take a utilitarian approach and view the honey bee as an insect to serve humans (ie:
provide honey) or take a humanistic approach and think of honey bees as a part of nature
that should not be disturbed. Lockwood (1988) takes a humanistic approach and implies
that bees are sentient creatures that deserve to be raised and treated ethically. Removing
drone larvae could be considered unethical due to the killing of drones, but also ethical in
that drones are removed to ultimately benefit the health of the colony. Overall, how people
think of bees may then influence their feelings towards consuming bees as an edible insect.
Few edible insects are utilized industrially, instead they are often sold in streets or
markets as a way for families to earn extra income (Barennes et al., 2015; Van Huis et al.,
2013). In some of these cases, insect species are collected from the wild because they are
high in abundance (Barennes et al., 2015; Van Huis et al., 2013) or because they are a pest
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insect (Hope et al., 2009). Regardless, some insects are used industrially for selling, as seen
with the Nsenene grasshopper in Uganda (Agea et al., 2008) and crickets and mealworms
in North America (Waltner-Toews, 2017b). These farms introduce the Western consumer
to edible insects, specifically by processing insects into products that consumers are
familiar with, such as protein bars or cookies. Farms create these products in the hopes
that consumers will become more receptive to edible insects, which ultimately helps
combat the stigma that surrounds edible insects.
Honey bee brood is often consumed in Thailand due to its high abundance (Graham
et al., 2015; Van Huis et al., 2013), but has not yet been used by bug farms in the West. In
addition to being used due to their availability, honey bees are also a good source of amino
acids (Graham et al., 2015; Appendix B; Figure 3.1), containing around 30 milligrams of
calcium, 18.5 milligrams of iron, 10.25 milligrams of vitamin C and 25.7 milligrams of
vitamin A (Payne et al., 2016). Two drone larvae samples from East Badger Farm were sent
in for amino acid analysis, and the results are found in Appendix B. Classic beekeeping
textbooks, such as The Hive and the Honey Bee have noted the use of drones as human food
since the early 1990’s, although methods of utilization are laborious (Graham et al., 2015).
Within this chapter the use of drone larvae as an edible insect will be explored. Drones may
provide benefits as an edible insect, benefitting bug farms in terms of market expansion,
and beekeepers in terms of increased income.
Drones are an opportune member of the honey bee hive to consume, as a drone’s
only purpose within a colony is to mate with virgin queens of other colonies, and they do
not provide care for the hive (Winston, 1987). Thus, removing them from the colony will
not adversely impact the social structure of the colony. Beekeepers may be interested in a
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system that involves using DBR to control for mites and then selling the larvae for profit.
Bug farms may be interested in drone larvae if it expands their market and increases
income. If bug farms are looking for ways to expand their market to include more edible
insect species, then beekeepers may be able to collaborate with bug farms to introduce
drone larvae as an edible insect. However, there must be willingness from both beekeepers
and bug farms to use drone larvae as an edible insect. This chapter examines beekeeper
and bug farm opinions on using drone larvae as an edible insect and an examination of bug
farm markets. Beekeepers and bug farms were interviewed regarding the marketability of
drone brood as human food. It is hypothesized that beekeepers and bug farms will be open
to utilizing drone larvae.
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Figure 3.1. Pink-eyed pupae analysis of worker brood. Provides percentage of amino acids
and sugars found in a sample of pupae. Data from Graham et al. (2015).
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3.2 Research Procedure
The goal of this research was to examine beekeeper and bug farm willingness to
utilize drone larvae as a potential edible insect product. To investigate this goal, both
beekeepers and bug farms were asked to participate in interviews. Beekeepers were
initially contacted through local beekeeping associations, and then further contacted via
phone to set up an interview. Some participants also participated in the alcohol wash
sampling detailed in Chapter 2. Prior to starting the interview, beekeepers were given a
consent form and asked to sign it. Beekeepers were also offered a blank copy of the consent
form if they wanted one for their records. A voice recorder was started, and the interview
began. Questions asked about their mite control strategies, beekeeping experience, and
feelings towards eating insects (Appendix A). After the interview was finished, a
pseudonym was created for the beekeeper, and used in the interview transcript and data
analysis.
Bug Farms were initially contacted via email. A time and date for interviewing was
set up over email, a consent form was emailed to the farm, and subsequently the farm sent
back a completed consent form. The interview was conducted over the phone, except in
one case where it was conducted over Skype. Questions asked about their general
background in entomophagy, the company/farm they work for, and their feelings towards
consuming drone larvae (Appendix A). After the interview was finished, a pseudonym was
created for the participant, and used in the interview transcript and data analysis.
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3.3 Results
A total of 15 beekeepers were interviewed and the average age of beekeepers was
43.3 years of age. There was a large range in colonies owned, with the smallest apiary
including two colonies and the largest including 15,000 colonies. A majority of beekeepers
were located in the state of Ohio. Four beekeepers are commercial beekeepers, beekeepers
whose main source of income comes from beekeeping; three are considered sideline
beekeepers, beekeepers who make a decent amount of money off beekeeping, but often still
rely on another job for income; and seven are hobbyist beekeepers, beekeepers who
beekeep mostly for enjoyment. Almost all beekeepers sold honey, while others also sold
Queens, bee packages, bees wax, and beekeeping supplies (ie: bee boxes). Beekeeper
opinion regarding DBR was either positive (53.34%), neutral (33.34%) or negative (6.67%;
Figure 3.2). Opinions were classified as:
-

Positive, meaning the participant either indicated that they use/want to use
DBR, or in general thought well of DBR. Examples: “I think this is my best
option,” or “I think it’s probably a good thing.”

-

Neutral, meaning their opinion was not negative or positive. Likely did not use
DBR or was not convinced that DBR was effective, but okay with others using
DBR. Examples: “It might help, but I don’t think that’s the whole answer, to be
honest. But if they have luck with it fine.”

-

Negative, meaning they did not approve of the use of DBR. For example, “I don’t
feel it is a solid enough way to control for mites.”

Overall beekeeper opinion on eating bugs was positive, as only 40% of beekeepers thought
it was weird, and 60% did not think it was weird (Figure 3.3). Beekeepers may have
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indicated that they thought consuming insects was “weird” in a number of ways, most
commonly by saying “that [eating insects] is weird”, but also may have used words such as
“odd” or “off the beaten path,” the word weird is used here because it was the most
common response from beekeepers. However, only 26.67% of beekeepers had eaten an
insect while 73.34% had not eaten an insect. (Figure 3.4). Additionally, 86.67% of
beekeepers said they were willing to sell drone larvae (Figure 3.5). Lastly, 80% of
beekeepers thought of bees as livestock.
A total of five bug farms were interviewed. The average age of bug farm participants
was 35. A majority were founders or co-founders of the company, with an average number
of 6.6 employees. Companies had been running for an average of two years. Two companies
started their business as a result of the United Nations document Edible Insects: Future
Prospects for Feed and Prosperity, two companies started due to the influence of others in
terms of edible insects, and one farm was started as a way to provide a more sustainable
food source. The average age range of their markets was 23 – 40 years of age. Furthermore
a majority of their market was geared towards those interested in sustainable eating. All
bug farms were willing to sell drone larvae. In terms of their purchasing habits, 60% of bug
farms purchased their insects from other producers. All farms sold their products online,
and 80% saw the market expanding to include new products. Lastly, all farms thought of
honey bees as livestock.
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Figure 3.2 Beekeeper opinion on DBR. Beekeeper opinion on DBR was classified as
“positive,” “neutral,” or “negative.” 53.34% had a positive opinion of DBR, 33.34% had a
neutral opinion, and 6.67% held a negative opinion.
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Figure 3.3 Beekeeper opinion on eating insects. A majority beekeepers did not think
eating insects was weird, as 60% did not think it was weird and 40% did think it was
weird.
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Figure 3.4 Beekeeper consumption of insects. A majority of beekeepers had not
purposely eaten an insect, with 73.34% not having previously eaten an insect and 26.67%
having previously eaten an insect. Previous insects consumed include crickets,
grasshoppers, and honey bee brood.
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Figure 3.5 Beekeeper willingness to sell drone larvae. 86.67% of beekeepers were
willing to sell drone larvae, while 13.34% were not willing. One beekeeper was unwilling
due to regulatory issues, and the other did not give a reason why they were unwilling to
sell drone larvae.
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3.4 Discussion
The hypothesis that bug farms and beekeepers would be open to selling drone
larvae was supported, as 86.67% of beekeepers were willing to sell drone larvae, and all
bug farms were willing to sell drone larvae. A majority of beekeepers held a posititive
opinion of DBR. Additionally, 60% of beekeepers did not find eating insects weird,
indicating that some beekeepers, specifically those who have a positive opinion of DBR and
willingness to sell drone larvae, are willing to enter the edible insect field. It is
recommended that beekeepers use DBR to control for mites, as discussed in Chapter 2, and
as a way to raise drone larvae. The next challenge is discovering ways for beekeepers and
bug farms to collaborate with each other.
Both beekeepers and bug farms were asked to classify honey bees as either
livestock, wild animals, or pets. As previously mentioned, all bug farms and a majority of
beekeepers referred to bees as livestock, one beekeeper referred to bees as wild animals
and one beekeeper referred to bees as pets. In terms of the livestock question, one
respondent who was not willing to sell drone larvae also thought of bees as pets. This is not
surprising, if one thinks of bees as livestock, then they would be willing to sell and use
honey bees to benefit theirself. Additionally, if one were to think of bees as a wild animal,
they may still be willing to use bee products since they are not emotionally connected to
the honey bee. However, if one thinks of bees as a pet, then one would likely not be willing
to hurt it due to the emotional bond they have formed with their colony. This follows
Kellert’s (1996) “basic values of nature and living diversity,” where utilitarian values are
defined as values that focus on how humans can benefit from nature and humanistic values
as values that allow humans to develop and express feelings of attachment, bonding,
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intimacy and companionship with nature. Beekeepers and bug farms who are willing to use
drone larvae to benefit humans tended to follow the utilitarian approach, whereas the one
beekeeper who thought of honey bees as pets followed a humanistic approach and was not
willing to harvest their drone larvae. If consumers were to think of bees, or any insect, in a
more humanistic way they may not wish to consume insects. Marketing strategies and
research would be needed to determine how people classify honey bees, and insects in
general, and how to market drone larvae in a more utilitarian way.

Beekeeper Responses
Surprisingly, a majority of beekeepers did not think eating insects was weird, but
few had tried insects. Caparros-Megido et al., (2014) found that Belgium citizens were
initially hesitant to consume insects, but were more open to the idea of entomophagy after
consuming their first insect. Seeing as how beekeepers were open to consuming insects
when few have actually tried insects, these results are not consistent with Caparros-Megido
et al. (2014), perhaps due to how each research scenario framed and presented the
question, small interview sample size, or the fact that beekeepers work with insects more
often than the normal person. Additionally, some beekeepers were accepting of the overall
idea of eating insects, but personally did not want to eat insects. For example: “I’m not
saying no because I think of course you think bugs are bugs, but I’m not so interested in
bugs,” “There’s a lot of good food you could eat around other than bugs,” or “I don’t think
it’s weird, I just don’t have a desire to [eat insects].” The willingness to sell drone larvae but
not consume insects could be driven by profit, as one beekeeper stated, “I love money, so I
guess I would consider anything,” as a response to whether they would sell drone larvae.
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Potentially, beekeepers who are not okay with personally eating insects may still hold a
stigma against eating insects, even though they are open to selling insects.
One beekeeper was unwilling to sell drones due to potential issues with regulations.
In the United States, edible insects are not highly regulated; insects must be reared for the
purpose of being consumed by humans, meaning insects cannot be raised as pet food and
then sold to humans, and kept in the correct sanitary conditions as described in the Food,
Drug, and Cosmetic Act (FD&C) (Lotta, 2017). While bug farms have sent inquiries to the
FDA and USDA regarding potential regulations, the FDA has not implemented many
regulations, simply because there are so few bug farms (Clinton, 2016). Bees and honey are
typically regulated by individual states, although the USDA publishes federal honey
standards for beekeepers to follow. Counties/cities may also regulate beekeepers, usually
in terms of how many colonies they can keep. The FD&C would partially regulate drone
larvae, because drone larvae is an edible insect. However, it is unknown whether bodies
that already govern beekeeping and honey production would also regulate how drone
larvae are reared. Drone larvae would likely be regulated by both parties, where regulation
in terms of rearing is determined by the state and regulation regarding storage, packaging,
etc. would be covered under the FD&C. Overall, regulating drone larvae, and edible insects
in general, falls into an unknown area as bug farms attempt to determine the best way to
produce a safe and sanitary product.
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Bug Farm Responses
In terms of bug farms, 60% of bug farms purchase insects from other producers,
meaning they already possess a system of purchasing that they could use to purchase from
beekeepers. As all farms were willing to utilize drone brood, they could potentially forge a
relationship with beekeepers to buy drone larvae. Additionally, all farms were looking to
expand their market, some in terms of product type, and some in terms of the insect being
marketed. Drones could be used to create a new product, as cricket and mealworm
products often come in the form of protein powder, protein bars, or cookies. Drone larvae
have a different texture than crickets, as drone larvae are more viscous and liquid-like
whereas crickets are more solid and crunchy; thus, drone larvae lends itself to being mixed
into other foods, such as being used in granola or quiche, meaning drone larvae could lead
to expanding potential product types. Additionally, seeing as how honey bees have not yet
been commercialized as an edible insect, the use of drone larvae allows bug farms to
expand their line of insects.
In some cases, the willingness of bug farms to use honey bees was already present.
During the interviews, some bug farms expressed how they always wanted to expand to
include honey bees: “Wow, yes if there’s anyway to get them [honey bees], we’d love that,”
and “Oh hell yeah,” in response to whether they would be willing to sell drone larvae. One
farm in particular, C-fu Foods, showed interest in utilizing drone larvae. They produce
textured insect proteins, which is where the protein in an insect is processed as a tofu-like
substance. They found that drone larvae leant itself well to being produced as part of a
textured insect protein, meaning that a farm could potentially use drone larvae for the
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same products they are already producing with crickets and mealworms, or for different
products as proposed above.
Bug farms may also want to use drone larvae due to the sustainability of their
production. Edible insect sustainability depends largely on insect diet (Halloran et al.,
2017), since there are not any human inputs in terms of feeding drones, as bees forage on
nearby plants instead of needing to be fed as crickets do, bees may be more sustainable
than crickets or mealworms. The sustainability levels, measured in terms of potential CO2,
N2O and CH4 emissions, of edible insects also depends on the production of the insect, such
as an intensified approach versus being gathered from the wild (Halloran et al, 2017). Also,
drone production depends mostly on human labor inputs (i.e.: adding and removing
frames) and not fossil fuel inputs. Cricket and mealworm farms often uses copious amounts
of energy inputs in creating the optimal environments to allow for growth and
reproduction of the insect (Halloran et al., 2017), whereas drone production often only
requires the use of a freezer to freeze extracted drone larvae. More research on the
sustainability and production of different edible insects would be needed for bug farms to
make a decision regarding which insects to farm.
The interviews from beekeepers and bug farms show promising results. Both
groups were willing to utilize drone larvae as an edible insect. Access to drone larvae now
depends on the ability of beekeepers and researchers to find easier ways to remove drone
larvae, as most methods right now rely on beekeepers either removing drone larvae
individually from cells, or banging the frame on the table. Bug farms will also have to
determine ways to appropriately market drone larvae to consumers. Overall, as long as
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beekeepers and bug farms are still willing to utilize drone larvae, there is potential for
drone larvae as an edible insect.
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Chapter 4: What Does This All Mean?
4.1 Review of Results
The second chapter discussed the effectiveness of a two frame DBR method. Two
different data sets were taken: an experimental set at East Badger, and samples taken from
beekeepers. The beekeeper data showed no significant difference between mite levels for
beekeepers who treated with drone brood removal (DBR) versus other mite treatments, or
any difference between mite levels in the spring and fall. The East Badger data showed a
significant difference between control and DBR treated colonies in the month of August,
with DBR treated colonies having lower mite levels. From this data, it was concluded that
DBR is effective, and future research is needed to define a better DBR protocol that
maximizes mite control for beekeepers.
The third chapter examined beekeeper and bug farm willingness to utilize drone
larvae as an edible insect. Beekeepers were interviewed regarding their mite control
strategies, opinions on DBR, and opinions towards entomophagy. Beekeeper opinion was
generally positive towards DBR as a mite control practice, as was their opinion towards
eating insects and selling drone larvae. Bug farms were interviewed regarding their current
business, how they see the edible insect market expanding in the future, and their feelings
towards consuming drone larvae. All bug farms were willing to utilize drone larvae, and a
majority of bug farms predict that the edible insect market will expand to include more
insect species than what are currently farmed. Beekeepers and bug farms were asked to
classify honey bees as either livestock, wild animals, or pets; a majority of respondents
classified honey bees as livestock, one respondent classified bees as a pet and one classified
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bees as a wild animal. From this chapter, it is concluded that both bug farms and
beekeepers were willing to utilize drone larvae as an edible insect.

4.2 General Discussion
The intersection of beekeeping and entomophagy is not new; some beekeepers had
heard of using drones as food, and one beekeeper even had a quiche recipe that called for
drones. However, the connection is worth further exploration because of its sustainability
in relation to beekeeping and our food system. DBR provides beekeepers with a
sustainable, chemical-free mite treatment, and entomophagy provides a more sustainable
protein source. However, if drone larvae were to become a farmed edible insect, a number
of challenges need to be considered. First, beekeepers and bug farms would need to decide
if they want to collaborate with each other, or work on their own to produce and market
drone larvae. Furthermore, they need to consider how to market drone larvae as a product.
Lastly, there is debate surrounding potential genetic issues pertaining to removing drones,
and in general insects, from their environments. It is important to continuously examine
ways to improve the sustainability of our food system, particularly by examining ways that
are novel, but not entirely new. If beekeepers and/or bug farms are willing to think through
each challenge, then drone larvae may become a more common edible insect.
There are multiple routes beekeepers and/or bug farms could take to utilize drone
larvae as an edible insect. The first method is a collaborative method between beekeepers
and bug farms. In this scenario, beekeepers would raise drone larvae and bug farms would
market drone larvae products. This is similar to the system developed by farmers and
restaurants regarding corn smut; corn smut is a fungus that decimates corn crops, but
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recently restaurants have been purchasing the fungus to serve as a delicacy; this benefits
farmers in that they receive income for removing infected crops (Patel, 2015). Similarly,
drone larvae could come as a result of a pest management system, where DBR is used to
control mite levels and rear drone larvae, as previously discussed in Chapters 2 and 3. This
is the preferred method, as it provides beekeepers not only with income (from the drone
larvae), but also with a form of mite control. As for a second collaborative method,
beekeepers could raise drone hives, which are hives that almost solely consist of drone
frames, often only having three or four regular brood frames. After raising the drone larvae,
beekeepers can then extract and freeze it, and eventually sell the larvae to bug farms. Bug
farms can then process and sell drone larvae to consumers on a large scale. The second
method is not preferred, as the ideal behind this project is to discover ways in which we
can be more sustainable throughout our food system; when beekeepers begin to mass
produce drone larvae with drone hives, they lose the benefits of DBR.
There is then a beekeeper or bug farm only method. Bug farms could potentially
start their own apiary, harvest drones and then sell said drones to their current consumer
base. However, this would require bug farms to put time and money into an apiary, and the
cost may outweigh the benefits in this case. For beekeepers, rather than selling drone
larvae to bug farms, they could create their own drone product to sell. This may be ideal for
beekeepers who do not produce a lot of drone larvae, and are already selling bee products
at farmers markets or online. While beekeepers would not be selling drone larvae on a
large scale like bug farms, they may find success with marketing drone larvae directly to
the consumer, as it is a more personal approach. Therefore consumers who are new to
entomophagy may be more apt to try drone larvae. Consumers typically do not eat insects
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because they are not easily accessible, if a consumer wants insect products, they have to
seek out farms online, rather than being able to pick up insects at the nearest grocery store
(DeFoliart, 1999). However, if a beekeeper sold their products at a farmer’s market, it
would be available to consumers who may not even be seeking out insect products, and
potentially encourage them to try it. Selling drone products at a farmer’s market increases
its accessibility to the consumer, and potentially may create a local market for edible
insects. Ultimately, the route that is chosen will depend on the apiary, and there may be a
mix of beekeepers who sell to bug farms and beekeepers who sell directly to consumers.
Other challenges include determining a price point to sell drone larvae and
producing enough drones to meet supply demands. Some beekeepers suggested “a penny
per ounce,” and bug farms were willing to spend between three to seven USD per pound.
However, a larger issue may be the ability of beekeepers to supply enough drones. Bug
farms requested 100-200 pounds of drone larvae to begin creating and marketing
products. Frames from the East Badger experiment produced approximately a half pound
of drone larvae per frame, and since there were two frames in each colony, they produced
about one pound of drone larvae per trial of DBR. Thus, an apiary with 80 colonies would
produce approximately 80 pounds of drone larvae, assuming they followed similar DBR
methods that are described in Chapter 2. However, these 80 pounds are contingent on the
bees filling drone frames with drone larvae, and not storing pollen or honey in the frames.
Thus, beekeepers may struggle to meet demands. Beekeepers could create the
aforementioned drone hives, but this defeats the purpose of selling drone larvae to
incentivize DBR. Alternatively, bug farms could purchase from multiple beekeepers to meet
demands. Overall, if a better method of DBR is discovered, then beekeepers may be able to
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meet drone demands. Ultimately it is important to maintain the integrity of DBR as a mite
control and not compromise colony health.
In terms of colony health, there is also concern regarding the impact of removing
drones from colonies. One beekeeper mentioned, “I think a con of it [DBR] is the issue of
evolution,” when discussing how removing drones reduces the genetic diversity of the
colony and genetics available to Queens. As previously discussed in Chapter 1, the loss of
honey bees has the potential to harm surrounding ecosystems. Drones require an
abundance of energy input in terms of care and food from worker bees (Boes, 2010), thus,
the constant input of energy, which is frequently removed with DBR, may have a negative
impact on colony health. While research shows that worker bees will eventually stop caring
for drones if there are not enough resources, there is little research regarding the impacts
that constantly removing drones and forcing colonies to constantly raise drones may have
on a colony. To combat the loss of genetics, beekeepers may choose to leave non-infected
drones in the hive, hoping that the drone possesses somewhat better genes against the
other drones (P. Garnes, personal communication, May 11th, 2017). Regardless, colonies
will rear drones in other parts of the hive, even when a drone frame is inside the hive
(Winston, 1987), thus colonies will still have drones that mate with other Queens present
within the colony.
This issue of how removing drones will impact the genetics of the colony is part of a
broader issue within the edible insect field. With edible insects, there are concerns when
insects are being removed from their environments instead of being farmed. A majority of
edible insects are not farmed, but rather collected from the wild, for example the mopane
worm in Zimbabwe is collected from its natural habitat (Hope et al., 2009).
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Environmentalists are hesitant about continuing entomophagy in this form due to the
issues of removing insects from their environments. Removing an insect in this fashion may
result in a loss of genetics for the population as discussed above, and if too many insects
are removed at one time, the insect population may not be able to regenerate itself quickly
enough and die out, and the ecosystem may deteriorate due to the loss of the insect. While
collecting insects from the wild is important to the economies of a few nations (VanHuis et
al., 2013), as habitat destruction and degradation reduces the availability of wild insects,
collectors need to be careful not to decimate the population.
Preferably, edible insects would be farmed. Crickets are one example of a farmed
insect, as they are often reared inside a building under ideal conditions, similar to how a
farmer raises livestock. Within the United States, edible insects must be farmed, as it is
illegal to sell insects as food that have been collected from the wild (Ramaswamy, 2015).
Drone larvae could be reared in mass with drone hives, as discussed earlier in this chapter,
however beekeepers then lose the benefit of mite control and do not acquire other benefits
(ie. honey or queens) from colonies that are only made up of drones. Thus, removing
drones, or any edible insect, would need to be considered by the beekeeper, and
beekeepers would have to weigh the costs and benefits of using drone brood removal and
selling drone larvae.
Bug farms and beekeepers will also need to consider how to appropriately market
drone larvae. To prevent consumers from thinking that bees were purposely harmed in the
process of making drone larvae, the labeling of drones needs to be informative about the
product, but also consumer-friendly. Labels may want to refer to drone larvae not as larvae,
as Western consumers prefer to avoid knowing that they are consuming insects (Caparros
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Megido et al., 2014; Shelomi, 2015), to something more consumer-friendly, such as “bee
protein.” Furthermore, it is recommended that potential sellers do not sell raw drone
larvae, as drone larvae rots if it is not refrigerated or frozen within the first few hours after
removal. In addition to rotting if not processed almost right away, the idea of consuming
physical larvae may be too disgusting for consumers. If drone larvae are to be sold, a
processed product may be the best route, such as a granola or drone flour, since it plays off
of what bug farms already do: sell insects in ready made products with which consumers
are already familiar. In this case, consumers will be more likely to at least purchase the
product.
Public opinion of the bee may also make consumers more apt to trying insects. It has
been suggested that honey bees could be used as a “gateway bug,” because the public
already has a positive opinion of the honey bee (DeFoliart, 1989). People trying insects for
the first time may also prefer honey bees because they are more familiar with them,
especially since bees are a common insect found almost everywhere in the world. As
discussed in Chapter 3, beekeeper familiarity with insects, specifically honey bees, may be a
reason why beekeepers were open to consuming insects while few had ever actually
consumed insects. Conversely, consumers may be against consuming honey bees because
they are worried about the bee decline that has been discussed in the media (Gross, 2011).
Multiple bug farms noted that marketing bees as an edible insect will be difficult, as people
want to save the bees. One bug farm stated, “I think off the back everyone’s going to be like
‘Oh my god the bees! They’re dying! The bees!’[...]It would have to have careful messaging
to have that consumer appeal, but I think it would be strong.” Here, a bug farm speculates
that the best way to market bee larvae would be to explain how drone larvae come as a
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result of DBR, and how it benefits colonies. The sustainability aspect may need to be
emphasized in order to convince consumers that the practice is not purposely harmful.

4.3 Concluding Remarks
Both bees and edible insects will impact the future of agriculture. Honey bees are
important pollinators, especially for agriculture, and we must continue to research and
develop new methods of mite control that are efficient and inexpensive. Edible insects will
play a role as protein industries change in the face of climate change and population
growth. As a way to reduce greenhouse gas emissions, people will turn to edible insects,
among other types of sustainable protein, and the industry will continue to expand.
Throughout this project, the idea of utilizing DBR as a method of mite control and as
a source of drone larvae has been examined. As discussed in Chapter 2, DBR is an effective
form of mite control, specifically showing effectiveness at reducing mite levels in the month
of August. As discussed in Chapter 3, the edible insect field is expanding, and looking for
new insects to utilize. Overall, there is potential for using drone larvae as an edible insect,
as both beekeepers and bug farms were willing to work to rear and process drone larvae.
Selling drone larvae essentially incentivizes DBR for beekeepers, something that has
never been done before; there are no direct monetary incentives for beekeepers to
maintain colony health, beekeepers are not paid to treat for mites (Grunewald, 2010). The
method proposed here provides a way that beekeepers could make money off of a form of
mite control in addition to keeping their bees healthy. Additionally, using drone larvae
continues the current expansion of the edible insect industry, and potentially benefits both
industries, if they choose to work together.
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Farming systems are continually changing, especially in the face of population
growth and climate change. Researchers need to continue to look for intersecting fields,
such as beekeeping and entomophagy, as a way to encourage more sustainable agriculture.
Diversity is key with this ideal, as farming systems are not “one size fits all.” For example, in
some countries worms are raised as an edible insect instead of crickets because of the
climate of the country. Similarly, utilizing drone larvae likely will not work for every
beekeeper across the globe. We need to explore multiple sustainable agricultural systems
to prevent overexploitation of a singular system, which will likely harm the organisms
involved. Lastly, we need multiple systems because, just as not every system will fit every
country, different lifestyles will require different methods; some people can purchase
sustainably produced meats or adopt a vegetarian lifestyle, while others cannot. Ultimately,
we need to continue to reexamine our agriculture industry to find ways to reduce our
greenhouse gas emissions, be more sustainable, and protect the health of animals within
the agricultural field.
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Appendix A
Interview for Beekeepers:
Basic demographics:
-

Age

-

Number of colonies

-

Location

-

How long have you been beekeeping?

-

What do you consider your bees: livestock, wild animals, or pets?

-

Is it your primary source of income?

-

Do you sell any bee products?

-

Can you tell me about your mite control strategies?

-

What’s your opinion on drone brood removal?

-

Have you ever thought about eating bugs?

-

If there was a market for selling their drone brood, would you consider it?

-

Thank you for your time and responses. Is there anything else you would like to
add?

-

Do you have any questions for me?
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Interview for Bug Farms:
Basic demographics:
-

Age of interviewee

-

Their role/job

-

Size of company (scale)

-

How old is the company?

-

Where is the company located?

-

What do they produce?

-

Why did you pick the field of entomophagy?

-

Could you tell me about your market?

-

How do you see the market changing over the next 5-10 years?

-

Do you purchase from other producers?
If yes: How would someone who wants to introduce a new insect enter the field?
If no: Would your business model allow for you to purchase from other producers?

-

Some beekeepers are debating selling their drone larvae as a human food. Do you
think there is room in the market for eating drones?

-

What do you consider bees: livestock, wild animals, or pets

-

Thank you for your time and responses. Is there anything else you would like to
add?

-

Do you have any questions for me?
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Appendix B
Amino Acid

Percent Wet Weight Sample 1

Percent Wet Weight Sample 2

Taurine

0.14

0.15

Hydroxyproline

0

0

Aspartic Acid

3.36

3.41

Threonine

1.36

1.38

Serine

1.28

1.31

Glutamic Acid

5.22

5.31

Proline

2.12

2.06

Lanthionine

0.21

0.22

Glycine

1.53

1.58

Alanine

1.51

1.54

Cysteine

0.34

0.34

Valine

2.03

2.06

Methionine

0.76

0.77

Isoleucine

1.77

1.79

Leucine

2.76

2.81

Tyrosine

1.93

1.99

Phenylalanine

1.46

1.48

Hydroxylysine

0.03

0.03

Ornithine

0.03

0.03

Lysine

2.37

2.41

Histidine

0.87

0.9

Arginine

1.68

1.71

Tryptophan

0.47

0.55

Crude Protein Content

36.65

36.81

Drone larvae analysis by wet weight. Provides percentage of amino acids and crude protein
found in a five gram sample of larvae. Analysis done by the Experimental Station Chemical
Laboraties at the University of Missouri.
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