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Abstract

Maintaining honey bee drones in the laboratory is very important for some purposes, such as instrumental insemination of bee queens 
and studying effects of pesticides on drones. Few studies have been performed on the survival of mature bee drones in the laboratory. 
In this study, factors impacting the survival of mature bee drones were investigated. Small cages were used to facilitate observation of 
drones. The study showed that some factors can impact the survival of drones passively. These factors were sugar candy as feeding, 
collecting drones from colonies with egg laying workers, and caging drones without attendant bees. Outcome was improved when the 
attendant workers were nursing bees either from the same colony from which the drones were collected (preferable) or from another 
colony. Placing caged drones in complete darkness was better than under light. Avoiding these factors can help increasing the survival of 
caged drones under laboratory conditions. Likely this is the first study to examine factors that could impact the survival of bee drones 
in the laboratory. 

Key words: Apis mellifera, cages, candy, drone, mortality, workers.
Abbreviations: ESM, estimated survival means. 

Introduction

Honey bee drones have a main role in the mating of 
virgin bee queens. They do not participate in foraging or 
other activities within colonies, except thermoregulation 
(Harrison 1987). Therefore, drones do not exist in the 
colonies during all months. The colonies tend to rear 
drones only during active seasons but not during winter 
(Boes 2010). The number of drones inside the colonies 
is not higher than workers and as low as a few hundred. 
Unfertilized eggs, either from queens or laying workers, 
give drones (Ratnieks, Keller 1998; Gençer, Firatli 2005). 
Regulating the production of the unfertilized queen eggs 
can help controlling the drone population in the colonies 
(Wharton et al. 2007). Sometimes, diploid eggs can give 
drones (Woyke 1964). These diploid drones do not survive 
inside the colonies because workers eat the larvae before 
completing their development (Woyke 1963). Drones 
reach maturity after 8 to 14 days from emergence (Jaycox 
1961; Cobey et al. 2013). The mature drones fligh outside 
the colonies to search for virgin queens for mating. The 
mating of queens occurs in the air (Gary 1963) at specific 
areas known as drone congregation areas. These areas can 
be detected using a portable radar unit (Loper et al. 1987). 
The virgin queens mate with large number of drones, from 
7 to 45 (Taber, Wendel 1985; Moritz et al. 1996; Neumann, 
Moritz 2000; Cobey 2007). Such a high number of mates is 
good for colony performance (Delaplane et al. 2015).

The natural mating of honey bee queens is not always 
safe because it depends on the climatic conditions and 
absence of bee predators. Unsuitable environmental 
conditions (Lensky, Demter 1985; El-Niweiri, Moritz 2011), 
and the presence of bee diseases and pests (Cobey 2007) 
can greatly hinder mating and may cause loss of the queen. 
Moreover, flight activity of bee drones can be impacted by 
some factors including temperature and light conditions 
(Neves et al. 2011). Also, infected drones can transmit 
diseases (e.g. deformed wing virus) to queens (Amiri et 
al. 2016). Hence, instrumental insemination is a suitable 
alternative to the natural mating. Although naturally 
mated queens perform better than those instrumentally 
inseminated ones (Kaftanoglu, Peng 1982), still this way of 
mating is a good option to overcome obstacles of natural 
mating. Also, instrumental insemination allows to control 
the genetic source of drones and queens (Cobey et al. 2013). 
Drones from queen eggs and from worker eggs (i.e. egg 
laying workers) can be used to collect semen from them 
for instrumental insemination. Sperm viability and sperm 
length do not differ significantly between the two types 
of drones (Gençer, Kahya 2011). Keeping drones in the 
laboratory is important for instrumental insemination. In 
this regard, it is especially important that maintaining bee 
drones under laboratory conditions does not affect semen 
quality (Ben Abdelkader et al. 2014).

Moreover, keeping drones in cages is required for some 
laboratory investigations, such as studying the effects of 
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Fig. 1. Cages used in the experiments. A, dimensions of the cage; B, candy, four drones and two workers inside the cage.

pesticides (Abou-Shaara et al. 2017a; Kairo et al. 2017) 
or Varroa control materials on drones (Abou-Shaara 
et al. 2017b), and to investigate effects of diseases on 
drones (Huang et al. 2012). Drones are highly sensitive to 
laboratory conditions and infection with diseases (Tanner 
et al. 2012). Few studies have been done on factors affecting 
survival of drones in the laboratory. In this study, major 
factors that could impact the survival of bee drones were 
identified. Specific recommendations were presented for 
maintaining bee drones in the laboratory. 

Materials and methods

Honey bees
Honey bee drones and workers from Egyptian Carniolan 
bee colonies were collected in specific cages during August 
2017. The drones were collected from the lateral combs (i.e. 
mature drones). The abdomens of some random drones 
were pressed for observation of semen to ensure that 
drones were mature before the collection of samples. Small 
cages with a small number of drones were used in this study 
to study the impacts of the investigated factors on drones. 
The cages used in this study were Petri dishes modified to 
be suitable for holding bees, as described by Abou-Shaara 
and Elbanoby (2017). The cage shape and dimensions are 
shown in Fig. 1. 

All of the following experiments were run at the same 
time to determine factors affecting survival of bee drones. 
The cages were exposed to 12 h light and 12 h dark, except 
when mentioned, and temperature around 31 °C, close to 
the recommended temperatures between 31 and 34 °C 
(Jaycox 1961). The survival of bee drones was recorded 
every 12 h. All cages were supplied with honey candy 
(honey saturated with powdered sugar) except when sugar 
candy was used. Each group was represented by six cages, 
each with four drones, with a total of 24 drones per group. 
Two attendant workers from brood combs were placed 
in all cages, except when mentioned. The total number of 
drones used in all the experiments was 168. 

Feeding type
Two feeding types were compared: (i) honey candy (honey 
saturated with powdered sugar) and (ii) sugar candy (water 
saturated with powdered sugar). Solid feeding was tested 
because it is easy to transport the cages with solid rather 
than liquid feed (i.e. syrup). 

Workers presence
Honey bee drones need workers to feed them. The suitable 
number of workers is one worker per two drones (Jaycox 
1961). To test whether drones can survive without workers, 
two groups were compared: one group with six cages, each 
with four drones and two workers, and the second group 
with six cages, each with four drones without workers. 

Workers source
Two groups were compared to test whether attendant 
workers should be from the same colony from which drones 
were collected or from any colony. The first group contained 
six cages, each with four drones with two attendant workers 
from the same colony, while in the second group the 
attendant workers were from another colony. 

Drones from egg laying workers
Survival was compaerd in six cages, each with four drones 
and two workers from colonies with queens (group I), and 
six cages, each with four drones and two workers from 
colonies without queens and with egg laying workers 
(group II). 

Age of attendant workers
Two groups were compared: the first group contained bee 
workers from brood combs (nurse bees) while the second 
group contained bee workers from the lateral combs 
(forager bees) with caged drones (two workers and four 
drones per cage, and six cages per group).

Impact of light
Two groups were compared. Six cages of the first group 
were exposed to 12 h light and 12 h dark while those of 
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Fig. 2. Cumulative survival of drones from the honey candy group 
(A) and sugar candy group (B). Six cages and 24 drones per group 
were used. 

Fig. 3. Cumulative survival of drones with attendant workers (A) 
and without attendant workers (B). Six cages and 24 drones per 
group were used. 

the second group were placed in a wooden box to ensure 
complete darkness. The wooden box was slightly opened 
to allow the respiration of the caged bees. Four drones and 
two attendant workers were placed in each cage.  

Statistical analysis
The survival curves were compared using the Kaplan-
Meier test. Also, the estimated survival means (ESM) of 
the test groups were calculated. The Log Rank (Mantel-
Cox test) was used to detect the significant differences (P 
≤ 0.05) between the groups. The analysis was performed 
using SPSS v. 16.

Results

During the experiments the drones were able to survive 
for different periods according to treatment group. There 
were no any observable problems in regard to movement 
or feeding of drones inside the cages. Trophallaxis, food 
exchange, was observed between drones and workers and 
sometimes between drones only. Moreover, drones were 
able to feed themselves on the candy. Drones did not 
defecate more inside the cages.

Drones fed on honey candy were able to survive 
significantly longer (Fig. 2) than those fed on sugar candy 
(Mantel-Cox test = 19.087, P = 0.000, < 0.05). The ESM was 
86.50 ± 8.04 h (3.60 days) and 53.50 ± 2.79 h (2.23 days) for 
honey candy and sugar candy group, respectively.  

Drones with attendant workers (1 worker and 2 drones) 
survived significantly longer (Fig. 3) than those without 
attendant workers under the same conditions and feeding 
type (honey candy) (Mantel-Cox test = 15.571, P = 0.000, 
< 0.05). The ESM was 86.50 ± 8.04 h (3.60 days) and 52.00 
± 3.73 h (2.17 days) for drones with and without attendant 

workers, respectively. 
Under the same conditions, drones with attendant 

workers from the same colonies from which drones were 
collected survived insignificantly longer (Fig. 4) than 
drones from colonies with attendant workers from other 
colonies (Mantel-Cox test = 0.930, P = 0.335, 0.05). The 
ESM was 86.50 ± 8.04 h (3.60 days) and 74.00 ± 5.29 h (3.08 
days) for drones with attendant workers from the same and 
different colonies, respectively.

The survival of drones from colonies with queens was 
significantly higher (Fig. 5) than those from colonies with 
egg laying workers (Mantel-Cox test = 8.449, P = 0.004, < 
0.05). The ESM was 86.50 ± 8.04 h (3.60 days) and 58.00 ± 
4.43 h (2.41 days) for drones from colonies with queens and 
from colonies with egg laying workers, respectively.

The survival of drones accompanied by nurse workers 
collected from brood combs was not significantly higher 
(Fig. 6) than those accompanied by forager workers 
collected from lateral combs (Mantel-Cox test = 2.800, P = 
0.094, > 0.05). The ESM was 86.50 ± 8.04 h (3.60 days) for 
drones accompanied by nurse bees and 68.50 ± 5.28 h (2.85 
days) for drones accompanied by forager bees.

Drones exposed to 0 h light (24 h dark) survived 
insignificantly longer (Fig. 7) than drones exposed to 12 
h light (Mantel-Cox test = 0.314, P = 0.576, > 0.05). The 
ESM was 92.50 ± 4.70 h (3.85 days) and 86.50 ± 8.04 h 
(3.60 days) for drones exposed to 0 h light and to 12 h light, 
respectively.

Discussion

The main source of energy for bees is feeding. Honey candy 
was better than sugar candy  for survival of bee drones. 
Drones were able to survive up to 192 h (8 days) in case 
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Fig. 6. Cumulative survival of drones accompanied by nurse bees 
(A) and drones accompanied by forager bees (B). Six cages and 24 
drones per group were used. 

Fig. 7. Cumulative survival of drones exposed to 12 h light (A) 
and drones exposed to 0 h light (B). Six cages and 24 drones per 
group were used. 

of honey candy and only up to 72 h (3 days) for sugar 
candy group. Drones were possibly able to better utilize 
honey candy as source of energy more than sugar candy. 
The presence of honey beside powdered sugar perhaps 
provided caged drones with more nutrients than sugar 
candy. Accordingly, the survival of caged bee queens was 
promoted when honey candy was used for feeding (Abou-
Shaara, Elbanoby 2017). In contrast, honey only was better 
than sugar candy alone or mixed with honey in promoting 
survival of caged queens (Bigio et al. 2012), perhaps since 
the liquid feeding was more easily utilized by caged bees.

Drones without attendant workers were able to survive 

only up to 96 h (4 days) while with attendant workers up to 
192 h (8 days). This reflects the important role of workers 
in feeding the caged drones. In contrast, caged drones can 
attain maturity without attendant workers (Jaycox 1961). 
This can be explained by the ability of bee drones to feed 
themselves or by trophallaxis as observed during the study.

Drones caged with workers from the same colony of 
drones or from a different colony showed no significant 
effect on survival. Survival reached up to 132 h (5.5 days) 
and 192 h (8 days) for workers from different colonies and 
the same colony, respectively. Thus, it is preferable to collect 
drones and attendant workers from the same colonies. 

Fig. 4. Cumulative survival of drones with attendant workers 
from the same colonies (A) and with attendant workers from 
other colonies (B). Six cages and 24 drones per group were used. 

Fig. 5. Cumulative survival of drones from colonies with queens 
(A) and from colonies without queens and with egg laying workers 
(B). Six cages and 24 drones per group were used. 
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However, it is anticipated that workers from different 
colonies than drone colonies can feed caged drones without 
any problems.

Drones from egg laying workers survived to 108 h 
(4.5 days) while drones from queen eggs survived up to 
192 h (8 days). The low survival of drones from egg laying 
workers may be due to the low quality of drones. The eggs 
are more sensitive to desiccation with slow development in 
case of laying workers (Wegener et al. 2010). Drones from 
queen eggs are larger, heavier and with greater number of 
spermatozoa than those from worker eggs (i.e. egg laying 
workers) (Gençer, Firatli 2005). Also, sperm concentration 
is higher and sperm cells are more numerous in drones 
from colonies with queens than laying worker colonies 
(Gençer, Kahya 2011).  These studies reflect the low quality 
of drones from colonies with laying workers. 

Presence of attendant workers from brood combs 
(nurse bees) or from lateral combs (forager bees) did not 
significantly affect survival of drones. This can be explained 
by the ability of caged drones to obtain food without help 
from the workers. It was found that forager bees produce a 
substance, ethyl oleate, and transport it to younger bees via 
trophallaxis to delay age at beginning of foraging (Leoncini 
et al. 2004). Trophallaxis of forager workers with other bees 
can occur. The maximum survival of drones reached 192 h 
(8 days) and 120 h (5 days) when attendant workers were 
from brood combs and lateral combs, respectively. Thus, 
it is preferable to collected attendant workers from brood 
combs.

Complete darkness or exposure to 12 h light did not 
impact the survival of drones significantly. The maximum 
survival was 192 h (8 days) and 132h (5.5 days) for 12 h 
light and 0 h light, respectively. However, most drones were 
able to survive better in complete darkness than in 12 h 
light. Exposure to light may be make drones more active 
(more movements with trails to flight) which requires more 
energy than in darkness. The flight activity of honey bees 
depends on light and can be developed in response to the 
cycles of dark and light (Kefuss, Nye 1970). However, bees 
can do difficult tasks like comb construction in the dark but 
not in the light (Morse 1965). Also, bees are able to perform 
trophallaxis and other activities in the dark. 

Conclusions

The study investigated effects of some factors on the 
survival of bee drones in the laboratory. Survival of bee 
drones was significantly affected by feeding type, presence 
of attendant workers, drone type, worker source, age of 
attendant workers and light. Survival of mature drones 
under laboratory conditions can be promoted by use of 
honey candy as a food source, use of nurse workers from 
the same colonies of drones as attendant bees, collection of 
drones from colonies headed by queens, and placing drones 
in complete darkness. There is a need for development of an 

optimal feeding type to promote survival of bee drones in 
the laboratory.
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