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      Abstract




      Apis mellifera (2n=32), commonly known as the European honey bee or the Western honey bee, is a eusocial insect. Each honey bee colony is a composite unit of thousands of bees, with three different castes: a polyandrous reproductively active queen; thousands of workers; and a few hundred drones. The queen and the workers represent the female caste that develops from fertilized eggs, whereas the drones are male bees formed from unfertilized or fertilized eggs. In the case of the female honey bees, the phenomenon of polyphenism can be easily highlighted, which is the developmental plasticity of the same genomic contents to express differently as per environmental cues. During the queen larval developmental phase, the exclusive diet is royal jelly, which induces hyper-secretion of juvenile and ecdysone hormones that ultimately cause sequential activation of certain genetic elements, specifically after 3rd instar onward. For the worker honey bee larvae, initially, the diet includes royal jelly exclusively, followed by honey, pollen grains, and worker jelly, which collectively direct development toward the worker caste. Furthermore, for harmonious social interaction, the queen secretes certain volatile chemical bouquets including 9-ODA(2E)-9-oxodecenoic acid), 9-HDA (9-hydroxy-(E)-2-decenoic acid), 10-HDA (10-hrdroxy-2-decenoic acid), HVA (4-hydroxy-3-methoxyphenylethanol), HOB (Methyl-p-hydroxybenzoate), 10-HDAA (10-hydroxydecanoic acid), OLA (oligolactide), methyl oleate, decyl decanoate, linolenic acid, coniferyl alcohol, cetyl alcohol, etc. The concerned pheromones facilitate the regulation of workers' behavior; workers' ovarian suppression; retinue control; overall worker’s development modulation; colonial product production; swarming tendency; pseudo-queen formation suppression; mating, etc. The queen honey bee is polyandrous, as she mates with many drones during the nuptial flight in 'Drone Congregation Areas (DCA)’, within about 2 weeks of her post-emergence. This chapter provides a comprehensive review of the polyandrous queen honey bee; her synchronous developmental phases; her pheromone dominance; her regulation and coordination of colonies; her mating preference and habits; and her role in a composite hive. Subsequent chapters provide an elaborative view of different aspects of the queen honey bees' life cycle.
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      1.1. INTRODUCTION




      

        



        1.1.1. General Information about Colonial Organizations




        The honey bee is a colonial insect, with overlapping adult progenies, a proper division of labor, and social interaction. The specific insect constructs the wax hive, with hexagonal cells for brood, honey, and pollen grain storage. In a honey bee colony, about 20,000–50,000 bees live harmoniously. Usually, three different morphological types of bees can be easily identified in a hive (Fig. 1a-e). Furthermore, these bee castes are anatomically, physiologically, reproductively, and functionally different. The honey bees further differentiate into two classes: the reproducible caste and the non-reproducible caste. The queen and drones are the only obligatorily reproducible bees, while workers are non-reproducible or facultatively reproducible, depending upon queen-less or queen-righted conditions. In other words, a honey bee colony is composed of a single fertile dominant queen, thousands of sterile workers, and a few hundred fertile drones.
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Fig. (1a))


        Depicts the influence of the different genomic contents and the larval diets on the phenotype of the honey bee castes. The honey bee queen can lay unfertilized and fertilized eggs, which can develop into male and female castes within the honey bee colony.



        The Queen honey bee lays two types of eggs; fertilized (2n = 32) and unfertilized (n = 16). The female castes develop from fertilized eggs, whereas the male caste can develop from unfertilized or fertilized eggs (Fig. 1a). The honey bee develops by a haplodiploid sex determination mechanism. In honey bees, the female larva (2n = 32) develops into a worker honey bee if fed on a diet composed of pollen, nectar, and brood food, whereas if the female larva (2n = 32) is fed on royal jelly exclusively, then it develops into the queen honey bee. The development of the queen is influenced by the larval diet given to them for the first 72 hours. The royal jelly is a composite mixture of protein-rich material from the mandibular and hypo-pharyngeal glands of the workers. The specific workers' secretion is provided to the queen larva for the initial 6 larval developmental days, whereas in the case of the worker honey bee development, the worker larvae are fed on royal jelly for the first 48 hours, subsequently on worker jelly (for more clarity refer to Fig. (1j)) with a composition different from royal jelly (Wilson, 1976; Winston, 1987; Shi, et al., 2011).
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Fig. (1b))


        A queen honey bee with a group of workers around her. Under normal circumstances, usually a single queen dominates the hive, and due to her pheromone secretion, she remains surrounded by a variable number of workers. The specific picture had been clicked just before oviposition, as the queen was inspecting different wax cells for egg laying, while workers were continuously attending to her for the attachment of laid eggs to the base of the hexagonal wax cells.

      




      

        



        1.1.2. Different Castes and Respective Duties




        The honey bee colony comprises female castes (2n = 32), including monopolized polyandrous queens and facultative fertile worker honey bees, whereas the male




        caste (n/2n = 32) is represented by reproductively active drones only. The different castes perform different duties, which are




        • Queen Honey Bee (Fig. 1b-c)




        • Reproduction; therefore, colony strength modulation.




        • Pheromone Secretion; hence regulation of social organization of the colony, worker ovarian development suppression, domination in the colony, sex attraction for drones of the other colonies.
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Fig. (1c))


        Diagram specifying the role of the queen within the colony, which includes colony strength modulation, retinue behavior in the workers, developmental regulation of the workers, and overall productivity of the colony.



        • Worker Honey Bee (Fig. 1d)




        • Reproduction; usually occurs in the absence of the queen, thus in a facultative way.




        • Other functions: cleanliness of the hive, construction of hexagonal wax cells, brood rearing, secretion of royal jelly and worker jelly, swarming, honey processing, pollen processing, propolis preparation, retinue queen, drones' care, ventilation, temperature regulation, carcase disposing, foraging, water collection, and protection of the colony.
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Fig. (1d))


        Forager worker bees of Apis mellifera, feeding on sugar crystals. While feeding honey bees, it has been reported that workers prefer sucrose solution to sugar crystals. Preference to liquid food is correlated with the natural habits of foragers.
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Fig. (1e))


        Forager worker honey bees carry pollen-filled baskets to the colony. On the meta-thoracic legs of worker honey bees, special pollen baskets are present, which facilitate the quantitative transportation of pollen grains to the hive.
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Fig. (1f))


        A picture of a strong colony, reflecting the considerable strength of worker bees. This colony is headed by a strong queen, which can be detected by a good number of capped worker cells. Additionally, worker bees of different age groups can be seen while performing different duties.
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Fig. (1g))


        Click on a queenless colony with poor colony strength and with drone eggs. In specific conditions, the colony was maintained on an artificial diet before rejoining. In the absence of the queen, the probability of pseudo-queen formation increases and they can lay unfertilized eggs or drone eggs.
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Fig. (1h))


        An image shows the guard honey bees at the entrance of the hive for protection from robbers or other invaders. Usually a group of old worker honey bees remain at the entrance to check the bees entering into the hive. In honey-filled conditions, the colony becomes more prone to be attacked by robbery bees. Guard honey bees discourage such intruders from fulfilling their ill desires.
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Fig. (1i))


        A click specifies a group of worker honey bees doing fanning at the entrance of the hive. The specific behaviour was captured on a day with a temperature range of 35–40 0C, when the hive was open for a short duration. Some of the workers were doing fanning on frames, while others were doing fanning at the entrance of the hive.
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Fig. (1j))


        A click from a strong colony with the worker larvae and capped worker pupae. The C-shaped white-coloured pupae of the different instars can be easily detected in the uncapped brood cells.
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Fig. (1k))


        A click of the same hive section from another frame with uncapped brood cells, capped brood cells, drones, and worker honey bees in a section of hive. A few wax cells filled with unripe honey and pollen are left interdistributed among the brood cells. The specific act facilitates the brood rearing process of workers.
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Fig. (1l))


        Click to depict uncapped and capped honey cells for the unripe and ripe honey storage, respectively. Consequently, the cells filled with pollen grains are also visible. Usually in the upper portion, honey bees store honey in the brood chamber. Further, if a queen excluder is used, then the colony uses frames of super chamber for the honey storage.



        • Drone Honey Bee (Fig. 1e)




        * Mating; occurs during the nuptial flight.




        * Genetic Differentiation; adding the genetic diversity and quality improvement by contributing paternal genomic content.
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Fig. (1m))


        A Drone Honey Bee of Apis mellifera within the hive. The number of drones is variable, which is dependent upon the availability of food in the hive and food sources outside the colony, temperature, the decision of workers, mating requirements, swarming season, etc.

      




      

        



        1.1.3. General Differences in the Three Castes




        Morphological differences between the queen, worker, and drone can be easily visualized even with the unaided human eye (Fig. 1b, d,e). The queen possesses a head and thorax structure similar to that of workers, but with a longer abdomen. Worker honey bees are comparatively smaller than other castes. Workers are reproductively sessile in queen-righted colonies and remain busy in other kinds of activities including wax cell construction, brood rearing, honey processing, water collection, regulating ventilation, wax cell construction, and foraging (Winston 1987; Rangel et al., 2016; 2019). For foraging tasks, the metathoracic legs of worker honey bees bear corbicula, which is structurally designed for quantitative pollen grain transport. Workers possess a barbed stinger with a sting, a characteristic, whereas the queen possesses a straight stinger with a sting multiple times. Furthermore, a worker's barbed stinger is attached to a poison sac, which is present at the end of the abdomen. Drones, the male caste of the honey bee colony, possess a comparatively larger head and thorax than both the female castes. Drone abdomen is thick and blunt, with a bullet-shaped appearance (Fig. 1e).




        Polyphenism is quite evident in the case of the female honey bee caste, as from the same genomic content, different larval diets induce the formation of two specific types of morphology: anatomy, physiological integrity, and functional characteristics. In the male caste, depending upon the development of unfertilized or fertilized eggs, the formation of haploid or diploid drones occurs, which differ morphologically and anatomically. A diploid drone formation occurs more frequently if the queen mates with drones of her own colony (a detailed description is given in the subsequent chapter).




        In addition to queens, workers, and drone honey bees, there could be another caste known as intermediate morph (IMs), with characteristics of either queen or worker honey bee, in a honey bee colony. Generally, inter-caste development occurs when queen rearing is initiated on 3–4 day-old worker larvae (Beetsma 1979, Dedej et al. 1998). Moreover, IM formation can be initiated when sugar is added to worker larvae's food (Asencot and Lensky 1976). In IMs, the shape of the head, mandible, stinger, and corbiculae resemble workers, whereas hair distribution in the thoracic and abdominal regions, along with pheromone composition, resembles that of a typical queen honey bee. IMs secrete similar volatile chemicals like those of the queen (Plettner et al. 1993; 1996; 1997; Moritz et al. 2003). Therefore, IMs' presence can provide a false illusion of the existence of the same volatile chemical as that of the queen (Hoffman et al., 2004).




        In honey bee colonies, multiple queen residency is possible, by ablating the mandibles of queens to avoid inter-queen rivalry (Williams, 1987; Ruttner, 1976; Koeniger, et al., 2005a,b; Zheng, et al., 2009).


      




      

        



        1.1.4. Ovarian State of Active Queen and Sterile Workers




        Queen The honey bee dominates the honey bee colony due to her sole right of reproduction in the female castes. For specific processes, she possesses an anatomically and functionally well-developed reproductive system, especially with adaptability for mating and oviposition. In worker bees, under the influence of queen pheromones, genetic suppression, and larval diet, degeneration of the ovarian system occurs by programmed cell death (PCD). In the case of the queen bee, royal jelly influences the secretion of juvenile and ecdysone, which concomitantly activates gene expression, which with aggregately activates the proper development of the reproductive system.




        In the honey bee queen, ovaries are localized in the abdominal cavity. The honey bee queen possesses meristic polytrophic ovaries made up of hundreds of ovarioles (Snodgrass 1956; Wilson 1976). The individual, the ovariole, is portioned into the terminal filament which accommodates oogonia. The next portion is the germarium, where formation of the follicle takes place, and the last potion is the vitellarium, which localizes the growing follicle comprising oocytes and nurse cell chamber (Cruz-Landim2009). Further, the concerned reproductive organ is less developed in a virgin queen than in a post-mated egg-laying queen. In the virgin queen, ovaries are morphologically different and comparatively smaller than in the mated queen(Shehata et al., 1981; Winston, 1987;Patricio and Cruz, 2002). It has been reported that the egg-laying queen possesses eight times larger ovaries than the virgin queen (Shehata et al., 1981). Over activation of ovarian development occurs after mating and especially during the egg-laying phase of the queen. Actually, in queens, subsequent to mating, there are patterns in gene expression patterns in different organs, including the brain and ovaries, which aggregately influence ovarian development, physiology, and behaviour of the concerned female caste (Richard and Tarpy, 2007; Kocher et al., 2008; Nino et al., 2013).




        Ovarian weight is influenced by the number and size of ovarioles, which in turn is dependent upon the number as well as developmental stages of eggs in the specific structure. Additionally, the number of eggs is correlated with the length of ovarioles, which is further specified by queen ovarian size and symmetry. All these developmental designs are ultimately influenced by a protein-rich larval diet (Dedej, et al., 1998; Hatch et al., 1999; Tarpy et al., 2000).




        The queen's ovarian functioning is influenced by several factors like genetic integrity, structural organization, physiological influence of hormones, the influence of maternal pheromones, temperature, rearing conditions, larval diet, and age before entering into the queen's development path. Shehata, et al. (1981) reported that during winter, there is a reduction in the egg-laying activity of adult queens and a further reduction in queen pupal ovarian development. The causative factors could be extreme temperature, reduced food availability, the queen's body physiology, and environmental cues influenced by genetic expression, which ultimately affect the reproduction potential of the queen.


      




      

        



        1.1.5. Queen Quality Influencing Factors




        Queen Quality Influencing Factors: The quality of the queen is assessed on the basis of her fecundity, fertility, and retinue ability through the secretion of pheromones. The queen, with considerable reproductive potential, influences her colony significantly. Nelson and Smirl (1977) and Nelson and Gary (1983) reported that a honey bee colony headed by a stronger queen usually has proportionally significant colonial strength, produces more honey, and does a greater collection of pollen throughout the season than a colony headed by a lower quality queen. Various studies suggest that the queen's reproductive potential can be indicated by her body size, ovarian number, spermatheca diameter, stored sperm count, and sperm viability (Woyke, 1971; Dedej et al., 1998; Hatch et al., 1999; Tarpy et al., 2000; Tarpy and Mayer, 2009; Delaney et al., 2011; Tarpy et al., 2011; Tarpy et al., 2011; Rangel et al., 2016). Furthermore, it has been correlated that the queen body size influences her mating frequency, her reproductive organ size, and her sperm storage capacity (Eckert, 1934; Gilley et al., 2003; Jackson et al., 2011). According to Nelson and Gary (1983), honey production and colony strength are correlated with the queen body weight.




        The quality of a queen is assessed on the basis of her fecundity, fertility, and retinue ability through the secretion of pheromones. Her queen, with considerable reproductive potential, influences her colony significantly. Nelson and Smirl (1977) and Nelson and Gary, 1983, reported that a honey bee colony headed by a stronger queen usually has proportionally significant colonial strength, produces more honey and does greater collection of pollen throughout the season than a colony headed by a lower quality queen. Various studies suggest that the queen's reproductive potential can be indicated by her body size, ovarian number, spermatheca diameter, stored sperm count, and sperm viability (Woyke, 1971; Dedej et al., 1998; Hatch et al., 1999; Tarpy et al., 2000; Tarpy and Mayer, 2009; Delaney et al., 2011; Tarpy et al., 2011; Rangel et al., 2016). Furthermore, it has been correlated that the queen body size influences her mating frequency, her reproductive organ size, and her sperm storage capacity (Eckert, 1934; Gilley et al., 2003; Jackson et al., 2011). According to Nelson and Gary (1983), honey production and colony strength are correlated with queen’s body weight.




        Queen quality is significantly influenced by larval age when development is diverted toward the queen, a specific caste. Woyke (1971) demonstrated that there is a negative correlation between queen grafting age and the size of spermathecae. Tarpy et al. (2011) and Rangel and Tarpy (2013) reported that queens reared from 0-day old worker larvae possess comparatively higher mating numbers and greater sperm storage capacity in comparison to queens raised from 2-day old worker larvae.


      




      

        



        1.1.6. Queen Failure




        The honey bee is the only obligatorily reproductive active caste in the colony; therefore, she regulates the strength of the colony, agricultural productivity, and pollination services. The queen's life span generally extends from 1–3 years. With an increase in the age of the queen, there is a likelihood of supersure events in colonies (Szabo, 1993), and therefore, the apiarists generally replace the queen annually. For this queen replacement process, either a queen-less colony but with brood is allowed to rear its own queen, or a queen-less colony without brood is re-queened artificially by an adult queen. Further, a queen-less colony, in either of the aforementioned conditions, can respond positively to an artificial re-queen if the newly introduced queen possesses great fertility and she secretes colony-compatible pheromones strongly. Sometimes, a queen-less colony exhibits a lower likelihood of artificial re-queening, which eventually results in the queen failing. Baer et al. (2016) concluded that the queen failure subsequent to the introduction of a young mated queen into a honey bee colony occurs due to the depletion of sperm storage in her spermathecae and to unsuccessful fertilization. Usually, a queen from a poor-brood colony possesses less than 3 million sperm in her sperm thecae, which indicates a poorly mated queen (Woyke, 1996). Sperm viability acts as a major criterion which adversely affects colony productivity and strength (Lodesani et al., 2004; Tarpy et al., 2012; Tarpy and Olivarez, 2014). Lower sperm viability can promote the queen to lay down eggs in small brood patches or to lay a drone layer, mainly of unfertilized eggs (Collins, 2000; Collins et al., 2004).




        Additionally, queen failure can result due to pesticide exposure, improper management practices, chemically coated pollen grain diet or other chemical impregnated plant food items, infection of her with certain parasites and pathogens and/or due to infestation with certain pests (Wallner, 1999; Frazier et al., 2008; Amiri et al., 2017). Pesticide exposure can reduce queen weight, reduce the number of ovarioles and store sperm viability (Haarmann, et al., 2002; Pettis, et al., 2004; Burley, et al., 2008; Chaimanee, et al., 2016; Rangel, et al., 2016). Pesticide exposure by improper management can increase the frequency of superfluence (Sandrock, et al., 2014; Traynor, et al., 2016;Tsvetkov, et al., 2017).




        Further, queen failure can result due to certain parasites and pathogens, which include deformed wing virus, a causative inducer of ovarian degeneration and Nosema infection, which increases the level of vitellogenin production, along with hyper expression of other immune genes (Alaux, et al., 2011; Gauthier, et al., 2011;Chaimanee, et al., 2014). Queen failing can be detected by poor brood pattern, which refers to empty pupal wax capped cells as an indication of not laying eggs well or improper care by worker honey bees (van Engelsdorp et al., 2013).




        Additionally, other factors for poor brood patterns include chalk brood disease, sac brood virus, Nosema spp., and pesticide exposure, which can affect brood viability (Brodschneider, et al., 2010; Wu, et al., 2011; van Engelsdorp, et al., 2013). Worker honey bees remove diseased or infected brood, which ultimately results in poor brood pattern formation (Spivak and Reuter, 1998; Habo and Harris, 2009).




        Transplanted experiments dealing with the shifting of queens from poor brood pattern colonies to good brood pattern colonies demonstrate the positive influence of the colony environment on brood pattern instead of exclusively the queen’s egg laying capacity as a causative factor. Furthermore, it has been reported that pesticide exposure influences the brood pattern formation in colonies. In a good colony environment, a good quality queen lays eggs in a better brood pattern (Lee, et al., 2019).


      


    




    

      



      1.2. DEVELOPMENT OF QUEEN




      

        



        1.2.1. Queen Development: General Information




        The honey bee is a holometabolous insect with all developmental phases including eggs, larvae, pupae, and adults. As explained earlier, the female caste, both queen and workers, develop from fertilized eggs, within 16 days and 21 days, respectively, whereas the male caste can develop from unfertilized or fertilized eggs within 24 days. Female larvae are totipotent for the first three days post hatching, or, in other words, female larvae can be developmentally directed toward either the queen type or worker type, within this specific time period. Female larvae (queen or worker) are fed on royal jelly exclusively for the first three larval days. During the first 4–9 days of larval growth, tremendous developmental diversion occurs, as if any female larva is fed on royal jelly exclusively, queen development will be accomplished, whereas if any female larvae is fed on worker jelly during this phase, worker development will be accomplished. This developmental diversion highlighted the role of environmental cues (larval diet) in differential development. In this entire book, the primary focus is on the queen honey bee.




        Development of the queen honey bee begins with oocytes from germ cells in the ovaries. The oocytes subsequently develop into egg cells and nurse cells inside the queen's ovary (Guizeit et al. 1993). With further growth, the egg starts absorbing nutrients from nurse cells. Thereafter, egg-encircling follicle cells secrete the chorion layer over the egg cell, eventually completing the egg formation process (Fleig 1995).


      




      

        



        1.2.2. Development Post-Queen Egg Hatching




        The mature eggs of honey bees are white in colour, with dimensions of 1.3-1.8 mm in length. The Queen honey bee can deposit eggs vertically at the bottom of the bee comb, which are attached by a worker honey bee to a wax cell (Fig. 1b). After the first 14 hours, a cleavage event takes place, resulting in the formation of a blastomere. Cleavage involves rapid mitotic division without cytoplasmic growth during the initial process. After about 10 hours, the blastomere starts dividing, eventually resulting in the creation of space at both ends of the egg. 35 hours afterward, the blastoderm becomes thick in the ventro-anterior regions, specifying the marking of gastrulation completion. After 49 hours, the head region becomes conspicuous. Nevertheless, body segmentation appears (Wisnston, 1987; Milne et al., 1988). Prior to larval hatching, approximately two hours before, there is liquid exudation from the egg surface, followed by slow dissolution of the chorion.


      




      

        



        1.2.3. Queen Larval Development




        After about 72-76 hours of oviposition, C-shaped larvae become hatched in hexagonal wax cells (Collins 2004). During the larval phase, hexagonal wax cells are uncapped and filled with an ample amount of larval food, comprising royal jelly, worker jelly, honey, and pollen, depending upon the specific caste (Fig. 1f-g). In a queen honey bee, egg hatching requires three days, the larval phase requires about six days, and pupation needs seven days. Honey bee queen development comprises a total of five instars, which develop by moulting almost each day. For the queen larva, on the sixth day after hatching, worker honey bees seal the cells with wax capping. The larva pupates within wax cells. A mature larva undergoes ecidysis to be transformed into a pupa with an upright extended body in capped hexagonal wax cells. Subsequently, the pupa undergoes an ecdysis to develop into an adult whose eggs are laid in the wax cap. Pupae are referred to as capped brood, and for completion of the pupal phase, different time periods are required. In different castes, which include queens: 7 days, workers: 12 days, drones: 15 days (Fig. 1g).
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Fig. (1n))


        Photograph depicting a section of a bee comb, with worker bees engaged in different duties specifically for brood rearing. Some workers can be seen while adding larval food for growing worker larvae, whereas some bees are preparing for capping wax cells enclosing late 5th instar worker larvae. The C-shaped white worker larvae enclosed in hexagonal wax cells can be easily identified with the unaided eye.



        During pupation, the formation of head, eyes, antennae, mouth parts, thorax, legs, and abdomen takes place. Cuticles darken slowly with time, and the specific character can be used to predict the pupal stage. Eventually, in all honey bee castes, the pupal stage undergoes a final moult to emerge into the imago, which finally chews out cells. Development of different castes requires respectively 15-16, 21 and 24 days (Fig. 1g) in the case of queens, workers, and drones (Winston 1987). In a queenright colony, queens are the only fertile caste with active ovaries (Ratnieks 1993), although sometimes a pseudo-queen can appear, but generally eggs laid by such queens are removed by other workers through the detection of coated pheromones on the egg surface.
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Fig. (1o))


        Elucidation of development periods, assigned duties, and morphological features of different castes of honey bees. Polyphenism phenomenon can be easily captured from the above description as queen and workers develop from the same genomic content but with drastically different morphology, anatomy, physiology, development, reproduction, and life span. Developmental plasticity according to proper division of labour can also be correlated. Additionally, the role of royal jelly, an exclusive complete queen larval food, can also be considered in influencing the life span of specific castes.

      




      

        



        1.2.4. Role of Royal Jelly




        Development of the queen occurs when the larva develops from a fertilized egg and is fed on royal jelly continuously, especially during the first 3–9 days. The specific topic has been considered for long as Stabe (1930) observed that the rate of growth of queens and workers is the same up to 48 hours, thereafter queen larvae become heavier (Tsnasyvourou and Benton, 1982). It has been reported that queen larvae consume, comparatively, 13% more food than worker larvae (Lambremont 1970). Food for worker larvae after the 3rd day is worker jelly. Electrophoretic analysis indicated that queen and worker jelly compositions are significantly different (Patel et al., 1960).




        Royalactin, a component of royal jelly, has been reported to influence the queen's development in a detectable manner. Royalactin depletion in royal jelly can promote development into the worker caste, whereas Royalactin addition can promote development into the queen caste. Royalactin induces specific effects by the epidermal growth factor receptor pathway, which enhances the secretion of juvenile hormone and further activates mitogen-activated protein kinase p70 and




        S6 kinase (Kamakura 2011). Royalactin induces alterations in gene expression and DNA methylation (Barchuk et al. 2007; Kucharski et al. 2008).
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Fig. (1i))


        Specific click providing a view of a worker honey bee adding worker jelly to a developing worker larva. Furthermore, workers capped cells for synchronous organogenesis during the pupal phase can also be detected. Some of the unripe honey cells interspersed among the brood cells specify the brood rearing strategy of bees.
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Fig. (1p))


        Unripe honey cells enclosed by pupal cells can be seen in a section of the hive. Further, click to highlight the working strategy of workers for brood rearing.



        
[image: ]


Fig. (1q))


        Similar click highlighting the presence of pollen grain filled wax cells encircled by capped brood cells.

      




      

        



        1.2.5. Plasticity of the Queen Development Phase




        In honey bees, the female caste exhibits developmental plasticity, as the developmental pattern is influenced by the larval stage when it enters into the queen's developmental pathway (Barchuk et al., 2007; de Azevedo and Hartfelder, 2008). Differential developmental patterns result due to different larval diets and epigenetic modification of related genetic elements, which ultimately influence the phenotype, anatomy, physiology, development, ecdysis, role in the colony, and life span of female castes. Actually, different larval diets induce the expression of differential genes in different castes (Evans and Wheeler,1999).




        Workers can sense queen loss within 24 hours and thereafter start raising a new queen from fertilized eggs, if available (Hatch et al. 1999). In honey bees, fertilized eggs retain the potential to develop into either female caste depending upon the environment and diet given during initial larval development. It is considered that larval food acts as a major criterion which determines female caste formation. Moreover, other factors which influence the process include genetics and wax cell size (Winston 1987, Kucharski et al. 2008, Shi et al. 2011). It has been reported that if worker larva is transferred to a queen cell within the first three days of development, queen formation occurs as caste differentiation remains flexible during the initial larval phase, but if grafting occurs after 3 days of larval development, then caste development cannot take place in a reversible way (Weaver 1957;Woyke 1971; Rangel et al., 2016).


      


    




    

      



      1.3. QUEEN PHEROMONES




      

        1.3.1: Queen Pheromones Composition




        The queen secretes certain volatile chemicals, which regulate the behavior of worker honey bees and increase the interaction between them. The Queen secretes various types of volatile chemicals through 15 different pheromone glands (Blum 1992). An exploration indicated Queen Mandibular Pheromones (QMPs) include 9-oxo-2(E)-decenoic acid (9-ODA), the two enantiomers of 9hydroxy-2(E)-decenoic acid (9-HDA), as well as the two aromatic compounds methyl phydroxybenzoate (HOB) and 4-hydroxy-3-methoxyphenylethanol (HVA) (Slessor et al. 1988) (Table 1). Recent data reveals that queen honey bee secretes pheromones including 9-ODA(2E)-9-oxodecenoic acid), 9-HDA (9-hydroxy-(E)-2-decenoic acid), 10-HDA (10-hrdroxy-2-decenoic acid), HVA (4-hydroxy-3-methoxyphenylethanol), HOB (Methyl-p-hydroxybenzoate), 10-HDAA (10-hydroxydecanoic acid), OLA (oligolactide), methyl oleate, decyl decanoate, linolenic acid, coniferyl alcohol, cetyl alcohol etc,as elucidated by (Fig. 1l) (Keeling et al., 2003; Slessor et al., 2005; Maisonnasse et al., 2010;Rangel et al., 2016;) QMPs regulate the retinue behaviour in workers and act as sex attractant for drones (Gary 1962;Kaminski et al. 1990). QMPs induce an inhibitory influence on the secretion of juvenile hormone in worker honey bees and further affect the activation of the worker’s ovaries (Kaatz et al. 1992;Hoover et al. 2003).




        

          Table 1 Specifying Different Pheromones and the Functional Importance of the Same.




          

            

              

                	QMPs



                	FUNCTIONs

              


            



            

              

                	9-oxo-(E)-2-decenoic acid, (+)- and (−)-9-hydroxy (E)-2-decenoic acid, methyl P-hydroxybenzoate, and 4-hydroxy-3 methoxy phenyl ethanol.



                	QMPs inhibit worker ovary activation

              




              

                	Specific chemicals control functions like comb construction in worker honey bees

              




              

                	Concerned volatiles increase resistance to starvation, further specific chemicals affect olfactory learning and memory in workers

              




              

                	Specific pheromones inhibit the construction of drone and queen cells

              




              

                	QMPs induce retinue behaviour

              




              

                	Pheromones promote the stability of a swarm or possess “calming” influence.

              




              

                	Coniferyl alcohol, Methyl oleate, α-Linolenic acid and Cetyl alcohol



                	These components are also vital for the retinue attraction of worker bees around the queen bee.
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Fig. (1r))


        Diagram depicting different pheromones secreted by the queen honey bee for regulation, dominance, and co-ordination in the colony.



        The queen mainly secretes 9-ODA, which is generally referred to as the “queen substance.” In case of worker honey bees, the main pheromones are 10-hydroxy- decanoic acid (10-HDAA) and 10-hydroxy-2(E)-decenoic acid (10-HDA) (Plettner et al. 1993).




        Workers are not developmental irrevocable, as some of workers that start producing mandibular pheromones composite of 9-ODA, 10-HDAA and 10-HDA, start reproducing as pseudo-queen (Simon et al. 2001). Pseudo-queens can secrete volatile chemicals similar to queen pheromone, therefore can elicit retinue behaviour and start proving their false dominant hierarchies in the colony (Crewe and Velthuis 1980; Plettner et al. 1993; Moritz et al. 2004).


      




      

        



        1.3.2. Queen Mating Status Correlation with QMPs




        The newly emerged queen secretes pheromones similar to those of workers (Crewe 1982). With maturation and reproduction, there is a change in the composition of mandibular gland pheromones in queens (Slessor et al. 1990;




        Pankiw et al. 1996; Engels et al. 1997; Apsegaite and Skirkevicius 1995), due to a change in the physiology of specific castes (Rhodes et al. 2007) .




        Pankiw et al. (1996) reported that the volatile chemicals like 9-ODA and 9-HDA are less abundant in queens, but in queens, the specific pheromones are excessively secreted in queens, whereas Rhodes et al. (2007) observed that in the virgin queen, there is higher secretion of 9-ODA and 9-HDA than in mated queens of the same age. A few reports suggest that an unmated queen secretes pheromones in between workers and egg-laying mated queens (Apsegaite and Skirkevicius 1995, 1999; Plettner et al. 1997).




        Further chemical composition of pheromones from different queens, including pseudo-queen, drone layers, and reproductively active queens, indicated the presence of six mandibular gland compounds, 9-ODA, 9-HDA, 10-HDAA, 10-HDA, HOB, and HVA. With an increase in reproductive capacity, there is a further rise in the amount of 9-HDA, 10HDAA, 10-HDA, and HVA but not of HOB (Slessor et al. 1990; Apsegaite and Skirkevicius, 1995 and Engels et al., 1997), whereas Plettner et al. (1997) reported that from virgin or drone laying queen to mated queen, there is an increase in the concentration of 9-ODA and HOB. In specific research works, selected queens could have variable reproductive potential and age that could be the possible reason for the change in the composition of mandibular pheromones. The ratios of 10HDAA/9-HDA and 9-ODA/(9-ODA+10-HDAA+10-HDA) indicate the fecundity of the queen (Plettner et al. 1993; Moritz et al., 2004).




        Rhodes et al. (2007) reported that the synthesis of HOB is influenced by the queen's reproductive capacity. Further, they observed that a 7-day-old virgin queen secretes a higher amount of 9-ODA than mated queens of the same age. The queen's reproductive value indicates a positive correlation between 9-HDA, 10-HDAA, 10HDA, and HVA, whereas 9-ODA possesses a negative correlation with the reproductive potential of a specific caste. A few other explorations indicated that the chemical composition of the queen's mandibular gland and Dufour’s gland varies with the insemination quantity and reproductive activeness of the queen (Richard et al., 2007; Kocher et al., 2008; Richard et al., 2011).


      




      

        



        1.3.3. Functions of Pheromones




        The QMP's level is considered to specify the ovarian state and reproductive quality of the queen. Queens of superior quality and inferior quality secrete different QMPs, which are responsible for induction of differential behaviour in workers and the variable retinue response. QMPs are transferred from worker to




        worker within a colony. Various pheromones induce different responses in workers, and the description is as follows:




        9-ODA acts as a sex attractant for drones, especially during nuptial flight (Butler and Fairey 1964). Therefore, a specific pheromone is more important for virgins than mated queens. 9-ODA, 9-HDA, along with other QMP components, elicit the retinue behaviour in workers, inhibit workers' ovarian development and impose queen dominance in the colony (Butler and Fairey 1963; Slessor et al. 1988; Pettis et al. 1997; Keeling et al. 2001; Hoover et al. 2003; Strauss et al., 2008).




        The queen secretes various pheromones, known as queen retinue pheromones (QRP), from various glands, including the mandibular gland, Dufour’s gland, and tergal glands. QRP attracts workers to the queen to antennate, feed, and groom her. Through the secretion of queen pheromones, the queen gives a signal about her dominance and prevents to work behind a new queen (Keeling et al. 2003, Hoover et al. 2003, Le Conte and Hefetz 2008). Queen of superior quality and inferior quality secrete different QMPs, which are responsible for the induction of differential behaviour in workers and the induction of retinue in workers.




        HVA induces a reduction in the concentration of dopamine in the honey bee’s brain (Beggs et al., 2007). Dombroski et al. (2003) considered that HVA controls worker sterility as the specific pheromones can induce the suppression of worker ovaries. Further, HOB pheromones can influence mating in queen honey bees (Pankiw et al. 1996; Plettner et al. 1997).




        Worker honey bees can collectively decide to replace the queen in case of insufficient queen pheromonal secretion. Due to the depletion of stored sperm, queens can become drone-laying females during old age. In such a case, workers can raise a new queen, even in the presence of an older one. Older queens are superseded by young queens, which are raised by workers.


      


    




    

      



      1.4. MATING




      

        



        1.4.1. Nuptial Flight




        The honey bee queen is polyandrous as it mates with multiple drones in a single mating, which is known as nuptial flight. The specific flight generally occurs within 10 days of post-pupal hatching. (Taber, 1954; Taber and Wendel, 1958; Laidlaw et al., 1984). During the nuptial flight, the queen honey bee receives ample sperm, subsequent to mating with 10–20 drones, and she receives sperm in her spermatheca for her entire life span (Koeniger et al., 2014). Few reports specified that queen honey bees usually mate with 6–26 drones, with an average number corresponding to 12-14 (Estoup, et al., 1994; Neumann, et al., 1999;Tarpy, and Nielsen, 2002; Tarpy, et al., 2004; Kraus, et al., 2005; Delaney, et al., 2011). The Queen's honey bee is quite fertile, and her specific sperm storage is sufficient for her entire life. According to Snodgrass (1956), a single honey bee queen can lay up to 3,000 eggs daily.


      




      

        



        1.4.2. DCA




        Mating usually occurs in drone congregation areas (DCA) (Jean-Prost, 1957; Ruttner, 1962; Zmarlicki, 1963; Ruttner, 1988;Schlüns, et al., 2005; Koeniger, et al., 2014)). In DCA, about 8000–15,000 drones can occur at a specific time (Bottcher, 1975; Koeniger and Koeniger, 2000; Koeniger, 2005). Before nuptial flight, the queen takes short flights of a few minutes (Fletscher and Tribe, 1977;Koeniger, 1986; Koeniger, and Koeniger, 2007). The queen mates with multiple drones during nuptial flight, which can occur on a single day or on multiple consecutive days (Roberts, 1944; Ruttner, 1954;Woyke, 1960; Woyke, 1964; Frank, et al., 2002;Schlüns, et al., 2005; Koeniger,and Koeniger, 2007).




        Further, the stored sperm quality and mating numbers act as major criteria for the execution of more flights and the initiation of the egg laying phase (Woyke, 1964; 1966; Schlüns, et al., 2005). Tarpy and Page (2000) concluded that a queen cannot regulate the number of mating times and mating frequency. Queen mating behaviour is influenced by several factors, including genetic content, physiology, temperature, wind, cloud, etc. (Alber, 1955; Oertel, 1956; Verbeek, 1976; Lensky and Demter, 1985;Koeniger, 1986). Additionally, drone presence during nuptial flights also acts as a critical factor in the decision of the number of mating and nuptial flights (Koeniger and Koeniger, 2007).


      




      

        



        1.4.3. Process of Mating and Post Mating




        With multiple matings, there is an increase in genetic diversity so that colonies can withstand adverse biotic and abiotic conditions (Rueppell, et al., 2008). Additionally, multiple matings increase the amount of stored sperm, enhance the queen's attractiveness, and increase genetic diversity in the colony. Further specific genomic diversity in turn positively influences colonial division of labour, provides stability to colonies, increases communication among workers and reduced the incidence of diseases (Robinson, 1992; Jones, et al., 2004; Schlüns, et al., 2005; Richard, et al., 2007; Delaney, et al., 2011; Mattila, et al., 2014).




        After mating, drones usually die due to the loss of the endophallus which remains in the sting chamber of the queen (Woyke, 1958; Koeniger, 1990). Further, successful mating can be assessed by spermatozoa count and patriline determination can be detected by microsatellite analysis (Woyke, 1960; 1964; Estoup, et al., 1994; Neumann, et al., 1999; Neumann, et al., 1999; Koeniger, and Koeniger, 2007). Stored sperm number and quality of sperm eventually influence the reproductive capability of the queen honey bee (Akyol, et al., 2008; Al-Lawati, et al., 2009;Delaney, et al., 2011; Tarpy, et al., 2012).




        The size of queen spermathecae also acts as an indicator of the reproductive potential of the queen, because the characteristics reflect the sperm storage capacity. Further, it has been reported that the size of spermathecae is dependent upon the rearing condition and the quality of diet provided to selected queen larvae (Tarpy, et al., 2000; Tarpy, 2012). If a queen is raised from young hatched larvae, then it possesses larger spermathecae (Hatch, et al., 1999; Tarpy, et al., 2000; Gilley, et al., 2003). Spermathecae of the superior quality queen can be about 1.2 mm (Carreck, et al., 2013; Hatjina, et al., 2014). According to Woyke, 1962, the threshold of sperm below 3 million, less than that, indicates an inadequately mated queen (Amiri, et al., 2017). Post mating, only 3-5% of each drone’s sperm actually migrate to queen spermathecae for storage (Woyke, et al., 1962). The post-mating queen starts laying eggs and the secretion of queen pheromones to dominate the colony.


      


    




    

      



      1.5. Role of Queen honey Bee




      The specific caste is the only obligatorily reproducible female caste in the colony. She possesses the sole right to influence the strength and productivity of the colony. Her strong pheromonal control can modulate the behaviour of thousands of nest residents. Her predominant duties are as follows:




      • Colonial strength regulation.




      • Caste ratio modulation.




      • Secretion of queen pheromones by different glands.




      • Product production is influenced by controlling the number of foragers.




      • Drone strength control by laying unfertilized/fertilized eggs.




      • Worker ovarian development suppression.




      • Workers overall development divergence during pre and post emergence.




      • Control over behaviour of the colony, including aggressiveness/ calmness




      • Swarming activation/suppression.




      • Disease resistance through the transmission of specific genetic elements to the next progeny.




      1.6: Conclusion: To sum up, the polyandrous queen honey bee is a dominant bee, ruling over thousands of workers in that colony. The queen is responsible for harmonious social interaction, breeding and productivity of the colony. Complete colony collapse/ swarming can occur in her absence, if the colony does not have fertilized eggs or worker larvae below 4 days of hatching.
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