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    Honey bees play an important role in the sustainability of our agro-ecosystem. Bees not only provide pollination services but also provide hive products and thereby act as a crucial source of income for the masses. A thorough understanding of the biology of honey bee queens, workers and drones and the factors affecting their quality and performance helps in improving the productivity of honey bee colonies. A fertile quality queen bee is essential for the long-term survival and growth of a honey bee colony. Further, the productivity of the honey bee colony is also highly dependent on the quality of the queen bee. Therefore, the rearing of queen bees from the most productive honey bee colonies having the desired traits leads to the path to stock improvement. Drones in the honey bee colonies contribute by fertilizing the queen bees and thereby enabling them to lay fertilized eggs resulting in a huge population of worker bees. Therefore, the rearing of a large number of good quality drones from the selected best-performing honey bee colonies is equally important in the bee breeding program. However, for rearing good-quality drone bees, addressing the nutritional requirements of drones is also very important. Understanding the drone maturity, synchronization of drone maturity and queen maturity, mating flight, drone congregation area, and weather conditions suitable for queen bee mating success help us in better planning and execution of bee breeding. This book provides very good information on drone development, pheromonal communication, and the reproductive system of drones. The chapter on the mating and reproduction in Apis mellifera provides detailed information regarding drone congregation area and reproductive potential of drones and the factors which affect these parameters. This book also throws light on the significant role drones play in stock quality improvement. This book will provide useful information to the students and researchers. My best wishes to the author.




    

      Jaspal Singh


      Principal Entomologist Department of Entomology


      Punjab Agricultural University


      Ludhiana -141 004, India
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    ‘The Drone Honey Bee’ has been written especially for B.Sc., M.Sc. and Ph.D. students, highlighting various aspects of the drone honey bee’s life cycle. Books on honey bees are easily available in the market which gives immense knowledge about colony organization, different castes of the colony, communication in the colony, the productivity of the colony, genomics, proteomics, and others. But, drone honey bee is very less explored in comparison to other castes, being not directly involved in colony productivity and hence in economic benefits. However, drones can be used in the bee quality improvement of the colony. Drones can be reared artificially in the colony or outside the colony up to certain stages that can be larval, pupal or adult. The drone pupae are good protein supplements for human consumption. The current book elucidates the available details of the specific caste of honey bees.




    The present book elaborates on general introduction, morphology, development, pheromonal profile, mating, reproduction, artificial drone development and genomic contribution of drones in colony improvement. The drone honey bee provides patrilineal genomic contributions to the honey bee colony that influence colony productivity, colonial behavior, adaptability, and others. Although the prevalence of drones is seasonal and as per the availability of food resources, the specific caste is an integral part of the colony with a chief role in mating and thermal regulation. The current book highlights information about drone honey bees as per the availability of literature.
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      Lovleen Marwaha


      Department of Zoology


      School of Bioengineering and Biosciences, Lovely Professional University


      Punjab,


      India


    


  




  




  

    Comprehensive Overview of Apis mellifera Drone Development, Biology, and Interaction with The Queen




    


    Lovleen Marwaha


    




    

      Abstract




      The male honey bees, the reproductive caste of the colony, develop through haploid/diploid parthenogenesis. The drones develop from haploid/ diploid unfertilized eggs produced by parthenogenesis or from diploid fertilized eggs having identical sex alleles, formed after sexual reproduction, with more probability when the queen honey bee mates with the drones of the same hives. Therefore, two types of drone honey bees, based on ploidy, are common in colonies, e.g. haploid or/and diploid. The number of drone honey bees staying in the colony varies according to protein resources and the strength of the worker honey bees. Generally, the haploid drone eggs/larvae laid by workers are removed by the nurse bee due to cannibalism. The above-mentioned eggs/larvae are marked with certain specific hormones that act as markers for cannabalic removal of the same.




      Further, the development of drones is influenced by colony temperature; hence overall development can be completed within 24-25 days. The purpose of drone life is to produce sperm and mate with the queen. The queen attracts the drone's honey bees toward herself with pheromones 9-ODA, 9-HDA and 10 HDA. The drone number and fertility depend upon the colony's environmental conditions, genomic possession and available food in the colony. The specific chapter provides deep insight into the development of drones, the biology of drones, the reproductive system, and the mating behaviour of particular castes. Subsequent chapters highlight morphometric characteristics of drones, development, mating, reproduction and artificial drone production.
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      INTRODUCTION




      The drone honey bees perform the function of mating and temperature regulation. Further, the concerned caste does not forage, maintain the hive, defend the colony or perform other functions. During the nuptial flight, the polyandrous honey bee




      queen usually mates with 6-17 drones (Peer et al., 1956; Renner and Baumann, 1964; Adams et al., 1977; Santomauro et al., 2004), and post-mating death of drones is inevitable (Witherell, 1956). Unfortunately, the procurable scientific literature for drone honey bees is not vastly explored. Therefore, limited information is available on drones' contribution to agricultural pollination, apicultural production, or the protection of colonies. Further, drones can enhance honey bee colonial productivity, can make colony disease and swarm-resistant, can control overall behaviour and organization through genomic contribution, and others.


    




    

      



      THE DEVELOPMENTAL SYNCHRONICITY OF DRONE HONEY BEES




      The haploid drone honey bees usually carry maternal inheritance due to their formation from unfertilized eggs laid in drone/worker wax cells by the queen or from a haploid egg laid by the pseudo queen or egg-laying honey bee workers in queen-righted or queen-less colonies(Kerr, 1974a,b; Herrmann et al., 2005; Brutscher et al., 2019). The haplodiploid sex-determination mechanism is well exemplified in eusocial insect honey bees.




      Even diploid drones can develop from fertilized eggs in case of the queen mates with drones of the same colony (Page and Laidlaw, 1985). Such diploid drones can carry inheritance from both maternal and paternal sides. Furthermore, egg-laying workers can lay diploid eggs, with two sets of chromosomes coming from one polar body and an ovum. The specific process is known as thelytoky, a type of parthenogenesis. Other workers sense such diploid eggs through coated pheromones; therefore, such diploid drones are eaten by workers within a few hours after the eggs hatch, which highlights the phenomenon of cannibalism in honey bee colonies (Woyke, 1965).




      The developmental duration of drone honey bees varies according to temperature. The temperature is different in the hive's centre and periphery, so the drone's development varies. For the development of drones from egg to adult, about 24 days are required (Jay, 1963), whereas, in the peripheral areas of the hive, more time is usually needed, which could be up to 25 days (Fukuda and Ohtani, 1977). In other words, drone development is correlated with brood nest temperature variation (Free, 1967; Jay, 1963; Fukuda and Ohtani, 1977; Santomauro et al., 2004).




      For the general development of drones, about three days are required for the egg to hatch, six days for larval development, and 15 days for the pupal phase.


    




    

      



      SOME FACTS ABOUT THE DIPLOID DRONES




      Haploid drones develop from unfertilized haploid eggs laid by queens or workers. In contrast, some drones develop from diploid eggs formed by the fusion of the ovum with one of the polar bodies or from fertilized eggs that are homologous at the sex locus (Woyke et al., 1966; Herrmann et al., 2005). Diploid drones can have uniparental origins or biparental origins. Further, the bi-parental origin diploid drone can create by matchmaking a queen and drones with identical sex alleles from the same colony.




      Generally, brood-attending worker honey bees eliminate the false diploid drones (Woyke, 1962; Woyke, 1965; Woyke, 1963 a, b, c, d; Herrmann et al., 2005). Additionally, the diploid drones produce more cuticular hydrocarbons than the workers (Santomauro et al., 2004). The diploid drones produce diploid spermatozoa, having twice the DNA and an elongated head.
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Fig. (1))


      Hexagonal Wax Cells, Worker Honey Bees, Drone Honey Bees and Ripe Honey Cells are depicted in this image. Worker honey bees perform different duties like the exchange of information, honey processing, and adding worker jelly to developing worker larvae.



      The diploid drone larvae secrete certain substances known as cannibalization substances that act as the highlighter of diploid drones that attract other workers for cannibalism (Woyke, 1967; Dietz, 1975; Dietz and Lovins, 1975; Bienefeld et al., 1994, 2000; Santomauro et al., 2004). According to Woyke (1969a,b), diploid drones can be reared outside a colony, re-introduced into the colony, and accepted by the colonial residents.




      Hymenopteran drones are either haploid or diploid, with a meiotic gametogenesis; therefore, the drones contain a carbon copy of the maternal genomic content (Woyke and Skowronek, 1974). The spermatozoa of the diploid drones are diploid with double nuclear content (Woyke, 1973, 1974; 1975; Fahrenhorst, 1977; Trenczek et al., 1989; Engels et al., 1990; Piulachs et al., 2003; Santomauro et al., 2004; Herrmann et al. 2005).




      
[image: ]


Fig. (2))


      Parthenogenesis and the sexual reproduction method in honey bees result in haploid and diploid drones forming.

    




    

      



      LIFE EXPECTANCY IN DRONE HONEY BEE




      The life span of drone honey is negatively proportional to extreme colonial and external environmental challenges. For example, the life expectancy of the drone honey bee varies from 13-14 days to 21-24 days (Howell and Usinger, 1933; Lavrek, 1947; Kepena,1963; Witherell, 1965; Drescher, 1969; Fukuda and Ohtani, 1997; Herrmann et al., 2005). Additionally, other factors that affect the life span of drones include flight activity or geographical region (Fukuda and Ohtani, 1977). For instance, the life span of a drone is comparatively shorter in summer than in autumn due to constraints imposed by harsh summer conditions (Fukuda and Ohtani, 1977). Further, the drone's life span depends upon flight performance and energy consumed during the flight (Neukirch (1982).
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Fig. (3))


      Development synchronicity of drones honey bee in pre-capped and capped cells within 24 days. The drone honey bee development comprises egg, larval, pupal, and adult phases. Further developmental duration varies with the temperature of the hive.

    




    

      



      DRONE POPULATION IN HONEY BEE COLONY




      The construction of drone cells or their conversion to worker cells depends on age, fecundity, and the queen's mandibular gland pheromone (Darchen, 1960; Chauvin, 1961; Free, 1967). However, the construction of a drone comb is limited by the colony's strength and the number of drone cells already present in the hive (Allen, 1958; Free and Williams, 1975). Furthermore, worker honey bees control the number of drone eggs, larvae, and pupae (Free and Williams, 1975; Fukuda and Ohtani, 1977). The survival of drone cells in queen-less and queen-right colonies is the same in spring and summer, but in autumn, the drone brood survival rate is higher in queen-less colonies than in queen-right colonies (Wovke et al., 1965a). Drone brood production and emergence depend upon the colony's queen, temperature, pollen grain and nectar storage (Gorbaczaw, 1961; Taber, 1964; Louveux et al., 1973; Mesqum, 1976; Fukuda and Ohtani, 1977). Therefore, for large drone brood production, colonies must have a high sugar syrup supply, adequate pollen availability, and a queenless condition. In a larger colony, on average, about 1500 adult drones are present(Currie,1982).




      The workers regulate the population of drone honey bees in the colony by influencing rearing and evicting drones from the colony during a scarcity of nectar, disease, pest infestation or under other environmental stress challenges. During the eviction, honey bees first push the drones honey bees toward the periphery, then to walls, bottom boards, and finally from the colony (Levenets, 1956).




      Sometimes worker's honey bees aggressively expel the drones from the colony by chewing, mauling, and pulling them out of the colony (Morse et al., 1967). Generally, expulsion occurs slowly, taking several weeks in the autumn. A typical colony generally evict about 10-15 drones daily (MorsE et al., 1967; Free and Williams, 1975).




      Generally, temperature, nurse honey bee population, queen age, sealed and unsealed brood drone odour colony activity, available food in the colony, available honey, and genetic strains of bees are all factors that influence the eviction process (Levenets, 1951; Alber, 1955; Orosi, 1959; Moore et al., 1967; Free and Williams, 1975; Free, et al., 1977; Taber, 1982).


    




    

      FLIGHT ACTIVITY OF DRONE HONEY BEES




      The drone honey bees begin their flight activity at the age of four days, but the first proper flight usually occurs when drones are 5-7 days old (Howell and Usinger, 1933; Laverekhin, 1947; Taber, 1964; Drescher et al., 1969; Witherell, 1972). Generally, drones' flight time varies in different species like Apis mellifera, Apis cerana, Apis florea, and Apis dorsata (Lavrekhin, 1947; Ruttner et al., 1972; Koeniger and Sekera, 1976).




      In Apis mellifera, European honey bee drones flights begin between 11.00–14.00 hr and usually end between 16.00–18.00 hr (Kurennoi, 1953; Oertel, 1956; Ruttner, 1966; Drescher, 1969; Strang, 1970; Callow, 1964; Avitable and Kasinskas, 1977). The time of flight is influenced by other environmental conditions, time of the day and the direction of the hive entrance. Additionally, drone flight is influenced by daily temperature, relative humidity, the colony's position along the sun's direction, and the day's length. Additionally, circadian rhythm influences the drone's flight activity. Finally, the drone honey bee's flight duration varies with the drone's age, as the oldest drones take the longest flights.


    




    

      DRIFT AND ORIENTATION OF DRONES' FLIGHT TO THE HIVE




      The drone honey bee can fly up to 7 km from its native colony and successfully return to the hive. The drone bees can use landmarks, the sun, or the earth's magnetic compass to find a hive. However, generally, drones make orientation errors and usually enter into incorrect colonies, known as drifting. Drifting drones can affect honey productivity as drones can act as a vector of many diseases and parasites, including sacbrood (virus), Nosema, Acarapis, and Varroa when they drift between hives and between apiaries.




      In apiaries with hives placed in straight rows usually provide no orientation cues and can induce drone drifting. However, compared to a straight row of hives, the horseshoe layout arrangement of the hive reduces drone drift by only 10%.




      Usually, the drone drifting process begins on 5-7-day old drones with the beginning of flight activity. In older drones, there is less drifting with an increase in age, which could be due to more flight experience. Younger drones make the highest flight errors compared to older ones. Generally, drone drift is less observable in areas with more orientation cues.




      Drones tend to drift south with east and west entrances, whereas drones tend to drift west with entrances facing north and south. The directions of drones drifting appear to be influenced by the sun's position in the sky. The pheromone 9-oxo-trans-2-decenoic acid influences drone drift.
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Fig. (4))


      The hive section shows uncapped larval instars of honey bees and worker honey bees perfor-ming various tasks.
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Fig. (5))


      The image illustrating different instar larvae and unripe honey cells are highlighted in a hive section.

    




    

      



      REPRODUCTIVE SYSTEM OF THE DRONE HONEY BEES




      Drone honey bee produces about 10 million male sperm cells that are genetically identical. The sperm cells are genetically similar to full sisters in the hive, which carries maternal and paternal inheritance. The drone honey bees solicit food from the workers after hatching (Figs. 1-5). The drones honey bees feed during day before the flight, mainly on honey (Fukuda and Ohtani, 1977).




      The male reproductive system of the drone consists of a pair of testes, a pair of vasa differentia, a pair of accessory sex glands, and a median ejaculatory duct (Bishop, 1920; Snodgrass, 1956; Woyke, 1958; Simpson, 1960; Chen, 1984; Davey, 1985; Koeniger, 1986; Gillot, 1988; Koeniger et al., 1989; Paliwal, 1993; Chapman, 1998).




      

        Testes




        The gonads are creamy, oval-shaped bodies lying on the mucus glands' and are situated between the 2nd and 3rd abdominal segments. The number of testicular follicles is seven in Apis cerana indica and is variable in number in other hymenopterans (Snodgrass, 1956; Wheeler and Krutzsch, 1992; Duchateau and Mariën, 1995; Ferreira et al., 2004). The testes contain seven tube-like coiled follicles.


      




      

        Vas Deferens




        It is divided into three regions: the apical short coiled tube, middle cylindrical seminal vesicle (SV), and distal straight duct. The apical part of VD possesses an outer circular muscle layer, an inner epithelial layer, and a large lumen.


      




      

        Seminal Vesicle




        It is represented by a sizeable sac-like region of the vas deferens. The seminal vesicle comprises inner epithelial layers lined by outer muscle layers and externally covered with a thin peritoneal sheath. Further, the epithelial layer comprises tall columnar cells with a luminal surface and a lumen filled with sperm bundles. The muscle layers are composed of outer longitudinal and inner circular muscle layers. The epithelial cells are tall and columnar with a brush border towards the lumen. The lumen is filled with a large mass of sperm bundles, with their heads towards the wall and tails at the centre of the lumen.


      




      

        Mucous Glands




        A pair of mucous glands (MG) that are kidney-shaped, sac-like structures representing a particular type of male accessory gland in the bee. The wall of the MG is composed of an inner epithelial layer and an outer thick muscle coat and is externally covered with a thin peritoneal sheath. The muscle coat comprises three sublayers; the outer longitudinal, middle circular, and inner longitudinal muscle layer (Bishop, 1920; Snodgrass, 1956; Paliwal, 1993; Paliwal, 1993; Sawarkar and Tembhare, 2015).


      




      

        Ejaculatory Duct




        The ejaculatory duct is a long, slender tube, with the wall of the ejaculatory duct differentiated into an outer broad epithelial layer and an inner cuticular layer. The inner thin cuticular layer bears elongated spines in the lumen. A cuticular layer showed that the ejaculatory duct is ectodermal in origin.


      


    




    

      MATING




      In honey bees, queen is polyandrous that mate with multiple drones during nuptial flight. For mating flight, the queen flies about 3 km from her hive to the congregation areas that could be approximately 5–40 m above the group (Currie, 1989; Loper et al., 1992; Ellis et al., 2015). Various explorations highlight variation in drone mating number.According to reports, the queen mates with 12 drones, whereas few reports indicate that the queen mates with 34-77 drones (Woyke and Ruttner, 1958; Winston, 1987; Kraus et al., 2005; Ellis et al., 2015; Withrow et al., 2018).




      Woyke (1962), Winston (1987), Schluns et al. (2005), and Ellis et al. (2015) estimate that 3-5 per cent of sperm from a single drone is stored for fertilization. Queen can hold about 4-7 million total sperms in her spermatheca (Koeniger, and Koeniger, 2000; Rhodes, 2002;Baer, 2005; Richard et al., 2007; Ellis et al., 2015). The honey bee colonies headed by multiple drones inseminated queens show more robust retinue response, possess more vital wax cell construction ability, produce more honey, reproduce fast, collect more pollen grain, produce more drones, and have more resistance to diseases in comparison to the colony headed by a queen inseminated by a single drone (Tarpy., 2003; Seeley, and Tarpy, 2006;Richard et al., 2007; Seeley, and Tarpy, 2007; Schmid et al., 2008; Nino et al., 2012; Collins and Pettis, 2013; Cornman et al., 2013; Niño et al., 2013; Brutscher et al., 2015; Mattila, and Seeley,2015; Kurze et al., 2016; Peng et al., 2016; Kurze et al., 2016; Rueppell et al., 2016; Brutscher et al., 2017; McMenamin et al., 2018; Brutscher et al., 2019) .


    




    

      



      DRONE AGING




      The drone honey bee’s reproductive quality is affected by age, season and genetics. Drone ageing has been shown to reduce sperm viscosity, volume, and viability (Woyke and Jasiski 1978; Locke and Peng 1993; Rhodes, 2002; Cobey 2007; Rhodes et al. 2011; Czeko ska et al. 2013; Stürup et al. 2013). In more aged drones, semen becomes dark and more viscous than in younger drones (Woyke and Jasiski 1978; Cobey 2007; Czekoska et al. 2013a). This type of sperm forms plugs in the oviduct and interferes with reproduction (Woyke and Jasiski 1978; Czekoska et al. 2013a; Stürup et al. 2013; Metzand Tarpy, 2019). Locke and Peng (1993) detected that ageing affects sperm viability, decreasing from 86% to 81% in 14-day-old and 20-day-old drones, respectively (Woyke and Jasiski 1978; Locke and Peng 1993; Cobey 2007; Rhodes et al. 2011; Czekoska et al. 2013a; Metzand Tarpy 2019; Rangel 2019).


    




    

      



      CONCLUSION




      Haploid drone honey bees develop from unfertilized eggs through partheno-genesis and diploid drones from diploid eggs if the queen mates with drones of the same colony or from diploid eggs of workers. The unfertilized eggs for drone development can be laid by a queen, pseudo queen or worker honey bees. During development, drone larvae are initially fed on royal jelly, and after that, honey, pollen grains, and drone jelly with a composition different from royal jelly. Drones perform the duty of mating with queen honey bees when they get attracted to her, and further, drones cooperate in temperature regulation of the colony.
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