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of the importance future studies
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Abstract 

Background: There is one queen in each honey bee, Apis mellifera L., colony under normal conditions. This queen 
performs egg laying and pheromonal control in the colony. All genetic characteristics of bee workers and drones 
depend on the queen. This reflects the importance of bee queen in the colony. In this review, behaviors of honey bee 
queens are presented and further studies are suggested to fill in gaps in knowledge.

Main body: The major studies about behaviors of honey bee queens either inside or outside the colony were 
reviewed. Some behavioral aspects especially egg laying pattern, sperm storage and utilization, conflict between 
queens, and the role of the queens in swarming and absconding have gained relatively few attention. Also, some 
other points such as the ability of a queen to transmit parasites after mating to her offspring and effects of pesticides 
on queen rearing and characteristics of emerged queens were highlighted.

Conclusion: This study highlighted the points that require further detailed studies. This review article may stimulate 
others toward performing specific future studies on bee queens.
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Background
Honey bees are super-organisms live in colonies consist 
of three castes: one mother queen, thousands of sterile 
workers, and few hundreds of drones. In very few cases, 
more than one queen can be existed in the same colony 
for a short period of time (Butler, 1957). The queen is 
the main reproductive member of the colony. Specific 
behaviors are expressed by the queen during her life. Vir-
gin queens, after emergence, fight each other (Fletcher, 
1978; Schneider et  al., 2001) until the winning of only 
one queen to be subsequently the mother of the colony. 
Then, the queen makes nuptial flights outside the colony 
to mate with many drones (Cobey, 2007; El-Niweiri & 
Moritz, 2011; Heidinger et  al., 2014; Lensky & Demter, 

1985; Tibor et  al., 1987). After mating flight, the queen 
stays in the nest to lay eggs (fertilized eggs to give work-
ers and unfertilized eggs to give drones), and to control 
the behaviors and physiology of the workers using her 
pheromones. Egg laying and pheromonal control are the 
main tasks of the queen (Cobey, 2007; Moritz & Kuh-
nert, 1984;  Naumann et  al., 1991; Seeley, 1979; Tibor 
et al., 1987). Basically, the queen does not leave the col-
ony except in case of absconding or swarming (Fell et al., 
1977; Grozinger et al., 2014). Herein, these behaviors are 
described and further studies are suggested. This review 
paper covers all Apis mellifera honey bee subspecies 
except the Cape honey bees, A. m. capensis, because this 
subspecies has some unique behaviors unlike the other 
subspecies.
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Main text
Process of queen rearing and conflict between queens
In normal cases, honey bee colony is headed by one 
queen only. Honey bee workers can rear additional 
queens at three cases: emergency, supersedure and 
reproductive swarming. Emergency queens are raised in 
queenless colonies, while supersedure happens in colo-
nies headed by diseased or aged queens. Reproductive 
swarming occurs during active seasons. One or more 
new queens are reared during supersedure (Butler, 1957), 
and brood perhaps is moved by worker bees into empty 
queen cells (Butler, 1957; Punnett & Winston, 1983). 
Supersedure happens mostly during the swarming sea-
son (Allen, 1965). In fact, queen infected with Nosema 
ceranae induced the production of supersedure queen 
by workers (Alaux et  al., 2011). More investigations on 
the impacts of infected queens with diseases on queen 
rearing activity in bee colonies are needed. The process 
of queen rearing is regulated by workers that built differ-
ent numbers of queen cells from different ages of brood 
(Hatch et al., 1999), and queen age is a significant element 
over queen quality (Tarpy et  al., 2000). During queen 
rearing, worker bees cooperate to rear queens of similar 
reproductive potential (Tarpy et al., 2004). Indeed, queen 
quality traits are regulated by preventing the develop-
ment of low-quality queens by workers (Tarpy et  al., 
2016). For research purposes, the queen body weight is 
utilized as a reliable indicator of potential colony produc-
tivity (De Souza et al., 2013). Other indicators for queen 
quality require additional investigations.

Pesticides can affect queen rearing colonies. The expo-
sure of queen larvae to coumaphos during their develop-
ment increased the percentage of grafted cell rejection 
up to 50% and the pre-emergence pupae had low weight 
(Collins et al., 2004). Moreover, exposure of queen rear-
ing colonies to sub-lethal doses of pesticides (chlorpyri-
fos and fungicide Pristine) showed less emergence rates 
of reared queens than control colonies (DeGrandi-Hoff-
man et  al., 2013). Additional studies on the potential 
effects of pesticides on characteristics of emerged queens 
would be paramount important.

The emerged virgin queens engaged in a conflict until 
only one queen becomes the mother of the colony. Vir-
gin queens have specific defense strategies against their 
rivals. Usually, virgin queens attack other queens prior 
to their emergence from the queen cells and sting them. 
Piping of virgin queens in the presence of other queens 
is considered as activating conflicts (Fletcher, 1978). Vir-
gin queens that vibrate at higher rates can remove more 
rivals (Schneider et  al., 2001). Also, during the conflict, 
the queen sprays her rectal contents toward the rival 
queen as a defense strategy (spraying behavior) (Tarpy 
& Fletcher, 2003). Moreover, fecal materials of virgin 

queens have a role in repelling workers and stimulating 
grooming behavior (Post et al., 1987). Waxy esters com-
posed of 8–14 carbon acids and 6–14 carbon alcohols 
were detected in feces of queens, and it was suggested 
that these esters have a role in nest-mate recognition 
(Breed et al., 1992). Workers play role during the conflicts 
without killing the queens but may immobilize them 
(Gilley & Tarpy, 2005). The conflict strategies between 
honey bee queens in different subspecies need to be 
investigated well.

Mating flight
The virgin queens, after emergence, stay in the colony for 
a short period prior to mating. This period depends on 
the subspecies and climatic conditions such as tempera-
ture and rainfall (El-Niweiri & Moritz, 2011; Heidinger 
et  al., 2014; Lensky & Demter, 1985; Tibor et  al., 1987) 
as well as the availability of drones (Cobey, 2007) espe-
cially mating which occurs in the air within a few seconds 
(Gary, 1963). The usual numbers of drones that mate 
with a queen are between seven to ten (Taber & Wen-
del, 1985) and up to 45 (Cobey, 2007; Moritz et al., 1996; 
Neumann & Moritz, 2000). Low-quality queens resulted 
from older worker larvae and mated with fewer drones 
(Tarpy et al., 2011). Single insemination resulted in fewer 
spermatozoa entering the spermatheca than did multiple 
inseminations (Bolten & Harbo, 1982). It is better for the 
queens to mate with as much drones as possible because 
better colony performance was found in colonies headed 
with queens inseminated with 30 to 60 drones or over 15 
drones (Delaplane et al., 2015). However, seven mates at 
least or more can be considered as sufficient (Tarpy & 
Pettis, 2013; Tarpy et al., 2012). Queen mating can occur 
at distances up to 16.2 km (Peer, 1957) but during mat-
ing drones select the shortest way to a fast mate (Gries & 
Koeniger, 1996).

Nuptial flight frequencies of queens depend on mat-
ing success in the previous nuptial flights (Schluns et al., 
2005). Sperms are stored in the spermatheca after mating. 
The number of spermatozoa stored in the spermatheca 
is not impacted by the queen defection before insemi-
nation but vice versa with sperm viability (Czekońska 
et al., 2010). Sperms can stay alive for a long period, and 
secretions from spermathecal glands of mated queens 
are essential for viability of sperm (den Boer et al., 2009). 
Few studies concentrated on the viability of sperms in 
the spermatheca and the maximum time that sperms 
can stay alive. Queens fertilize all eggs when receiv-
ing 50% fresh semen or more (Collins, 2000). A recent 
study showed the transamination of deformed wing virus 
to queens during mating with infected drones (Amiri 
et al., 2016). Further studies on the possibility of diseases 
transamination during mating are required. Workers at 
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one to 11 days old are responsible for feeding the mated 
queen, and the period of each feed is about 47 s (Allen, 
1955). Very few studies were done on queen feeding. The 
feeding dynamic of mated queens across seasons by the 
nurse workers requires additional investigations.

The queens can naturally mate during all seasons 
except in winter in temperate regions but spring was 
found as the better season over autumn at different 
regions (Al-Ghzawi & Zaitoun, 2008; Jhajj et  al., 1992; 
Moritz & Kuhnert, 1984). So far, there is no any evidence 
for the occurrence of queen mating in the hive. How-
ever, queens can mate with drones from the same colony 
and from other colonies or apiaries in the open space. 
It is possible to control queen mating by using isolated 
areas, e.g., islands, or by using the artificial insemination 
(Cobey, 2007; Kaftanoglu & Peng, 1982).

Egg laying
Some physiological and behavioral changes occurred 
after queen mating (Tanaka & Hartfelder, 2004), and 
changes in the ovaries happen faster than changes in 
the brain (Kocher et al., 2008). The newly mated queens 
take a period prior to the onset of egg laying. This period 
ranges from 5 days up to 4 weeks (Cobey, 2007; Moritz & 
Kuhnert, 1984; Tibor et  al., 1987). This depends greatly 
on mating conditions, season, and temperature inside the 
colonies (Schluns et  al., 2005; Woyke & Jasinski, 1990), 
and distance from the apiary at which mating occurred 
(Peer, 1957). The queen can lay up to 1500 eggs per day, 
but this number varies according to many factors includ-
ing season, colony strength, and diseases prevalence 
(Moore et  al., 2015). The queen normally lays one egg 
per cell. There are two types of eggs: fertilized (diploid) 
and unfertilized (haploid). The fertilized eggs are laid in 
small wax cells (worker cells), while the unfertilized ones 
are laid in relatively larger cells (drone cells). The sizes of 
the cells are greatly relying on the bee subspecies. Add-
ing combs with large cells to colonies with small bees in 
size (e.g., Yemeni honey bees) can disturb the normal egg 
laying manner of the queens (Abou-Shaara, 2013). The 
role of cell size in egg laying ability of the queens needs 
detailed studies. Workers and queens are developed from 
fertilized eggs unlike drones. The queen has a physiologi-
cal mechanism to control the fertilization of eggs. All 
eggs in worker cells are fertilized; hence, they are hete-
rozygous at least on one microsatellite locus, while eggs 
from drone cells are unfertilized as eggs had a single band 
at the B124 locus (Ratnieks & Keller, 1998), and the com-
plementary sex determiner gene must be heterozygous 
for female development (Beye et  al., 2003). About one 
to ten spermatozoa are released per egg (Woyke et  al., 
1966). The number of sperms released per egg during 
fertilization worth further studies. The queen determines 

the population of drones rearing through regulating 
drone eggs production (Wharton et  al., 2007). So far, 
there are no available comparisons among bee subspe-
cies, and their hybrids regarding the ability of the queens 
to control the fertilization of eggs.

Drones are derived from unfertilized eggs. However, 
fertilized eggs laid in worker cells by inbred queens can 
produce low survival drone larvae (Woyke, 1964). Dip-
loid drone larvae are mostly eaten alive by the workers 
instead of carrying them out of the hive (Woyke, 1963). 
Thus, adult drones from fertilized eggs are not seen in the 
hive. In very few cases and for temporary period, queens 
can lay more than one egg in single wax cells (Abou-
Shaara, 2013). The pattern of egg laying differs from 
colony to colony. But in the perfect model, the queen 
should lay fertilized eggs at the center of the comb, while 
drone cells, pollen and honey at periphery. The brood 
pattern of a good queen should be circles of brood with 
the oldest brood in center while younger brood periph-
ery with few skipped cells (Moore et al., 2015). The young 
queens lay more worker eggs than drone ones, while the 
older queens do the vice versa. Some queens could run 
out their stored sperms earlier than others. This point 
requires further investigations on bee subspecies.

Egg marking pheromones
The queen marks her eggs with specific signal which 
known as egg marking pheromone. Such signal is impor-
tant to guide police workers to discriminate between eggs 
laid by the queen than those laid by the workers (Rat-
nieks, 1995). Workers are sterile but they can lay eggs in 
queenless colonies and in colonies headed by diseased or 
aged queens. Such workers are called egg laying workers. 
Large differences in gene expression between queens and 
sterile and reproductive workers (about 2000 genes) were 
found in brains as well as between sterile and reproduc-
tive workers (221 genes) (Grozinger et al., 2007). In fact, 
eggs laid by workers represented about 7% of the unferti-
lized eggs laid in the colonies (Visscher, 1996).

Queen eggs have diversity in the number of hydrocar-
bons and specific acetates of some fatty alcohols, alk-
enes and monomethyl alkanes than worker-laid eggs, 
while linear alkanes is coating all egg types (Katzav-
Gozansky et  al., 2003). Indeed, mating is not necessary 
for the queen to produce egg-marking signal (Beekman 
et al., 2004). Also, dufour gland is larger in queens than 
egg-laying workers, suggesting its role in reproduction 
(Abdalla & Cruz-Landim, 2001). Dufour’s gland secre-
tion constitutes part of a complex queen signal (Katzav-
Gozansky et  al., 2001). The correlation between queen 
age and egg marking pheromones requires further deep 
investigations.
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Pheromonal control
The honey bee queen has many pheromones but the main 
pheromone is queen mandibular pheromone (QMP) 
(also known as queen substance). The main component 
of QMP is 9-keto-2(E)-decenoic acid (9-ODA). Mated 
queens produce 12–400  µg of 9-ODA/day, and retinue 
bees take the greatest amount (Naumann et  al., 1991). 
The queen substance is surface transmitted by workers 
over transmission by food exchange, while airborne dis-
persal is a minor mechanism (Seeley, 1979). The most 
attractive body part of the queen to the workers is abdo-
men followed by head, and then thorax (Hazan et  al., 
1989). QMP is responsible for the ovary-regulating phe-
romonal capability of queens (Hoover et  al., 2003). But 
pheromones of mandibular gland are not suspected to be 
as indicators of queen reproductive value (Strauss et al., 
2008). Other pheromones are also used by the queen 
to control the colony beside QMP (Maisonnasse et  al., 
2010). Outside the colonies, the QMP has role in attract-
ing drones to mate with the virgin queens (Butler & 
Fairey, 1964). Drones can detect queen pheromone from 
long distances (Loper et al., 1993). 9-ODA is suggested to 
be responsible for attracting drones from a long-distance 
(Wanner et al., 2007).

Inside the colony, this pheromone has many roles: 
preventing queen cell production by workers, control 
attendance behavior, inhabit ovary development of work-
ers and regulating the work within the colony. QMP can 
prevent queen cell production completely for a short 
period (2 days) (Pettis et al., 1995), and beside other sig-
nals over 6 days (Winston et al., 1990). The other signals 
include tarsal secretion (Lensky et al., 1981) and brood-
associated signal (Pettis et al., 1997). Queen mandibular 
gland is more attractive than tergal gland secretions, and 
secretions mixture of queen tergal gland and mandibular 
gland (Wossler & Crewe, 1999). Queen replacement can 
be partially prevented by extracts of queens or 9-ODA, 
while building of queen cells during the swarming season 
cannot be reduced by continuous treatment with 9-ODA 
(Boch & Lensky, 1976).

Another four compounds are account for the retinue 
attraction by queens beside QMP (Keeling et al., 2003). 
In fact, QMP allows attendance of the queen (Ver-
goz et  al., 2009). However, attendance behavior per-
haps has a genetic basis over linking with response to 
QMP (Pankiw et al., 1995). As reviewed by Trhlin and 
Rajchard (2011), queen retinue pheromone (QRP) is a 
releaser pheromone attracting bees to the queen and 
is a primer pheromone in inhibiting the ovary devel-
opment of workers physiologically. On the contrary, 
QMP did not prevent ovary development in workers at 
any dose (Willis et al., 1990). Also, the composition of 
QMP is not related to ovarian development of workers 

(Plettner et al., 1993). However, extract of queen man-
dibular glands and synthetic (E)-9-oxo-2-decenoic 
acid impacted caged queenless workers to the level of 
queen-right workers (Kaatz et  al., 1992). It seems that 
studies are contradicted in regard to the role of QMP 
in inhibiting the ovary development of workers. Hence, 
more experiments are still needed on this specific 
point.

Various activities in the colony are influenced by 
the queen pheromones. Colonies with freely moving 
queens have more comb building activity (Gilley, 2001). 
Also, the ontogeny of foraging and division of labor of 
honey bees can be controlled by QMP (Pankiw et  al., 
1998). Honey bee foragers can be attracted to crops by 
applying suitable concentrations of QMP (Currie et al., 
1992). The role of applying queen-derived pheromones 
including QMP in activating crops pollination by honey 
bees requires additional experiments. It is clear that 
QMP has many roles but still additional studies are 
required to cover its roles in organizing the activities of 
workers within the colony especially comb building and 
foraging behavior.

Swarming and absconding
Swarming is the natural phenomena of reproduction 
by honey bee colonies (Grozinger et  al., 2014). In this 
particular case, many queen cells up to 20 or more are 
built up. The queens do not leave their colonies except 
in case of swarming or absconding. In general, swarm-
ing is happened during the active seasons. For example, 
the majority of swarming happened during the first 2 
weeks in June in Ithaca, USA, with virgin queen or a 
young mated queen (Fell et  al., 1977). The intensity of 
swarming is differed according to colony subfamilies 
resulted from multiple mating of the queen (Kryger & 
Moritz, 1997). Queen piping happened prior to colony 
swarming (Simpson & Cherry, 1969), and bees in one-
nest-box started in piping and in takeoff earlier than 
five-nest-box trials (Seeley & Visscher, 2004). The roles 
of the mother queen in swarming of the colony needs 
shading more lights.

All the bees including the queen leave the colony and 
nesting in another place during absconding. This behav-
ior is very harmful to beekeeping. Absconding happens 
when the colony is not in a suitable location for staying 
due to intensive attack of ants, hornets or other bee ene-
mies, exposing the colony to harsh cold or hot conditions 
or continuous disturbing (Abou-Shaara et al., 2017). Also, 
the intensive infestation with wax moths may lead to 
colonies absconding (Tsegaye et al., 2014). Queen behav-
ior during this abnormal situation has not been widely 
investigated.
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Conclusion
This study highlighted the points that require further 
detailed studies. It is clear that researchers focused on 
some behaviors especially queen mating and pheromonal 
control more than other behaviors. Notably, swarming 
and absconding have gained little attention across honey 
bee subspecies. The effects of pesticides on queen behav-
iors are a fertile filed for future studies. Also, the trans-
mission of diseases from drones to queens during mating 
as well as from queen to her offspring requires special 
attention due to the importance of this topic to honey 
bee health. This review is likely to be a helpful guide for 
researchers studying honey bee queens and teaching bee-
keeping management.
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