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Abstract

In keeping bumblebees the most difficult event is the nest initiation by a queen. The process was simplified by transferring it into laboratory, where queens are kept in darkness, under constant temperature, humidity and adequate feeding. Bombus terrestris as the first species responded positively to laboratory conditions and was possible to be managed on the mass scale in late eighties of the last century. The technique has been currently improved and now it can serve as a standard for the group of species called “pollen storrers”. According to the model Bombus lapidarius could be reared quite simply, too. Positive results were obtained also in Bombus lucorum, but the colonies switched to queen production rather early.

Promising response to laboratory conditions showed also Bombus pascuorum, which is known as the maker of wax feeding pockets under the young brood. Queens readily built egg cells and the first brood could be fed with a bit more carefulness by the operating staff. When the first workers emerged the colonies brought outside accepted additional feeding. The technique can serve as the second model for the group of species showing similar behaviour. Positive results were gained in Bombus hortorum and in one case even in Bombus humillis. 

Thus the improved of bumblebee management can serve as a source of colonies for pollination, education, scientific research and even the pleasure of a keeper. The conservation of biodiversity in both, the pollinators and their host plants is the self-evident gain, too.

Introduction

This article is not meant as a scientific publication. It rather should be a practical recommendation for those who would like to have several colonies of bumble bees either for pollination, research, or for the personal pleasure from observing these charming insects.

The way presented here comes out from our experience but it naturally is based on the knowledge published by a broad group of scientists mostly during the second half of the 20th century. Also unpublished personal communications that approved to be correct and practical have been included. The author counts with the generosity of those who would rightly expect to be quoted here, for to cite all would exhaust the given space. 

The following report concentrates mostly on the management of bumblebees that can be done in laboratory. First of all the technique of rearing of B. terrestris is described and then its possible applications to other species. From the reason of simplicity the common genus name Bombus is used for all of the mentioned species.

The brief description of the rearing method of Bombus terrestris

Equipment and food

A dark room (at least a thermostat) enabling the constant temperature (26–30 oC) and relative air humidity (70–80 %) is necessary. The source of red light to use it during the manipulation of colonies is highly recommended.

Simple plastic kitchen containers of various dimensions, ventilated through sets of tiny openings, bottoms covered with a layer of card board paper to absorb moisture from faeces, serve to keep queens in the period from starting their egg laying till the emergence of the first workers. The same containers can be used also for other processes – e.g. incubating cocoons, ripening young queens and storing them. In some cases containers divided across in the middle with double grid are needed to avoid combats of queens. The division can be made of a plastic queen excluder used in beekeeping, which can be cut easily (Fig1). 
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Fig 1: Two queens of B. horotrum divided by the double grid.

For developing colonies wooden hives of round 10 – 12 litre volume lined with a layer of filter (or news–) paper with several meshed openings for ventilation and the closed main entrance are used. The main entrance serves later on if bees are allowed to fly out.

Well ventilated aquaria, mesh cages or even 4 litre cucumber glasses can serve as space for mating. Pieces of paper covering the bottom absorb moisture and allow bees to climb or rest on them. To store young queens a quiet space is necessary with a constant temperature round 4 oC and the highest possible air humidity. The source of CO2 may be suitable if one wishes to shorten the queens´ diapause.

The food for bumblebees consists from pollen grains collected at honeybee hives and sugar solution. The best pollen is quite fresh or deep-frozen. The dry one, available on the market, generally is useful as a supplement, when colonies have some income of fresh pollen. Dry pollen must be moistened with 20% of water before its use. The pollen of any origin should be supplied pressed into small plastic containers regardless of the used amount. This helps to keep moisture and achieve anaerobic conditions within the mass what prevents moulding. Such dosage of pollen can be let until it is consumed in colonies having workers, whereas during the initiation stage with solitary queens it should be changed for the new one each second day. Sugars may be fed as the 60% sucrose solution in boiled water. The substitution of 5 -10 % of sucrose with fructose prevents the granulation of sugars at the place of intake. To make the solution even more stabile, the addition of 0,1 % of Na–sorbate is possible. Practical feeders are tight plastic containers equipped with single tiny access opening what reduces leaking of solution.
Starting colonies

Restoring period is recommended for queens taken from cool storage. They are allowed to regenerate for several days with a free access to sugar solution and quality pollen under the laboratory temperature. Several queens can be placed together in one container filled partially with pieces of paper to offer the queens some protection. Entire darkness is advisable to lower the energy loses of the most active queens which would try to fly out. The fresh food ought to be changed and the activity of queens inspected in the two-day period. Queens showing the highest activity (flying and buzzing) are continuously taken off for the rearing process. Those remaining still quiet are let to continue the period of refreshment. Queens which did not became active within three weeks, what usually is the case if their diapause was shorter than three months, can be waken by a slight CO2 narcosis. For this treatment queens are put in the covered glass containing CO2 and let to become motionless. Than the top is removed what causes the came back of their activity. If some queens still do not show expected activity in a week, the treatment may be repeated.

Queens taken from nature during the search for the nesting site can be used for the next described treatment, immediately.

The initiation of egg lying can be achieved by various treatments. In all of them queens are transferred into the rearing containers. Common conditions are darkness, temperature 29–30 oC, and relative air humidity 70–80 %. Quality pollen and sugar solution should be supplied ad lib.

Queen and honeybee workers (Fig.2). This is one of the oldest procedures suitable for B. terrestris only. To a single queen 3 just emerged honeybee workers are added. The bees should be let to make cleaning flights in periods of several days. After the queen has laid her eggs, honeybees can be put away. The method is limited by the necessity of keeping honeybees as well as by the season.

[image: image2.jpg]



Fig. 2: B. terrestris queen 2 Apis mellifera workers and a brood cell

Two queens together. If two (or even more) queens are kept together, one of them becomes dominant, builds the egg cell and lays eggs after several days. In this period the submissive one often is killed. To prevent such loses, the pairs can be divided by a doubled grid. Despite the division queens can perceive one another. Queens having egg cell are made single and offered proper care till the emergence of workers. The "submissive" ones can make pairs of the second level and the process can be repeated eventually with the third level of pairs. Later on, the workers of the most active queens can be used as helpers for the slower ones.

The queen obtains male cocoon(s). If a queen ready to breed a male cocoon (or a small group of 2 – 3) is given, she starts to incubate them and usually builds a brood cell and lays eggs within several days. Cocoons should be fixed by starch glue to a piece of a cardboard that also is to be glued to the cardboard floor of the rearing box. Young cocoons are preferable to the older ones as they offer a queen more time to develop her maternal instincts. The emerged males have to be removed immediately. If the queen still has no brood at the time of males´ emergence, she obtains another cocoon(s). 

The queen obtains a young worker. Young freshly emerged workers remarkable by their grey hairs can be added to a queen, which already had raised her own brood into the larval stage. Soon, the help of the worker is obvious on the better quality of developing brood and the social stability of the new colony. At this point it is necessary to realise some facts: Queens seem to develop their maternal instincts and physiological stage continuously during the care of the brood. If a worker from another nest is added too early, she starts to play a dominant role and within several days lays her own haploid eggs developing into males. The queen wish to leave the rearing box in such case and usually is not able to start a new regular colony. The same occurs if a queen receives a portion of worker cocoons from which workers develop too early. (Such brood can be given only to queens, which had lost their more advanced brood accidentally in the nature and are capable to rule the crowd of eager workers, which are to emerge within several days.)

Other possibilities.  Queens normally accept cocoons of young queens if another are not at disposal. Added cocoons regardless of their kind should carry no eggs or larval brood for queens mainly are not able to take care of them and they would die. Moreover the eventual care of male larvae could switch the queen to lay haploid eggs, too.

The methods described above can be combined according to the given circumstances, available material and intentions of the investigator.

Developing colonies
After the first worker generation have emerged the young colonies are transferred into hives, which should hold the growing population of workers. The surrounding temperature can be a bit lower, ranging between 27 – 28 oC, and also the air humidity need not to be so high. The more brood and bees, the more temperature and moisture develop the nest by itself. For that case at least two screened ventilation openings with the diameter 25 mm are adviseable.

Food should be given ad lib. Whereas in the first stage of nest initiation the best quality pollen was necessary for single queens, workers can use also the second quality; even the dry remains provided they contain no mould. But to reach the normal development of colonies the quality of food should be kept on the best possible level.

Once the colony has several generations of workers it can be used to pollination. Colonies let to develop in laboratory reach so called switch point after several weeks. At this stage young queens may be raised from the remaining young diploid larvae, the other brood usually are males from eggs laid by workers and also by the queen. Some colonies produce no queens at all. On the other hand some of the colonies (not all), which develop outside can keep the contemporary queen and male production for considerably longer period. This behaviour does not occur in laboratory.

The larvae developing into queens are remarkably large, and the same goes for their cocoons. Individual colonies wary considerably in the amount of produced queens; usually there are several tens of them. (The best colonies kept outside produced more than 200 of young queens.) At this stage the old queen usually dies and the remaining workers produce males for another several weeks.

Young queens

To obtain properly grown queens, colonies should have first quality pollen at disposal during the queens´ larval development. As it is known today, also the emerged queens themselves consume large amount of pollen within the first three days of live. 

In the nature starting from the 5th day they are able to fly out to mate, but the most of them mate one or two days later. If the copulation went properly, they mate only once. During the two days following copulation they fill their honey stomach and leave the colony immediately.

In laboratory conditions queens should be treated according to their age. They can be taken off from the maternal colonies in the first day of life, when they are apparent due to grey colour of hairs. Several queens together can ripen in the same plastic rearing boxes as were those used to start the colony. To avoid frequent contacts with colonies, portions of queen cocoons can be taken from hives before they actually emerge (Fig3) and let to finish under the incubation conditions (30 oC, 70 % air humidity). Two workers added to each portion will keep it free from possible moulding. Then the emerged queens can be sorted easily. Surplus of quality pollen and sugar solution must be supplied from the fist day. The access to pollen must not be limited due to eventual competition of individual queens; otherwise they would not gain the most possible body weight. Development of cocoons as well as ripening of young queens takes place in darkness. 
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Fig 3: Cocoons out of the nest and young queens feeding on pollen.

At the age of 6 days queens are ready to mate and can be introduced to a community of males in the copulation space. The males should be of the same age or older. Those that are trying to leave hives during inspections can be used. A space for copulation may vary in dimensions - individual pairs are able to mate even in a 4-litre cucumber glass. Naturally, larger rooms are more suitable. They should be situated at a window to get enough light for males to make mating flights. The act itself lasts approximately 30 minutes in B. terrestris with the extensive variance of individual values. During the copulation pairs are connected, males turned on back produce two kinds of vibration, which keep the queens calm.
It is recommended to transfer the copulating pairs carefully on a piece of paper into the (rearing) boxes supplied with sugar solution, several pairs together or individually, according to the intention, and let them in darkness to finish the act. At least on the following day males should be removed. They must not be used for repeated mating, irrespective of the fact, that they can do it. The queens are left in containers and darkness two days longer, till they are full of "honey". This can be recognised according to their considerably enlarged abdomens. Such heavy queens are ready to enter the diapause.

Deliberate production of young queens.

In B. terrestris nearly every colony can be instigated to produce young queens quite simply by removing its old queen at the stage of round 20 workers. If this is done, several tens of workers still emerge from cocoons and old larvae and the young diploid brood is then fed to queens. For the time limited by her physiological stage the old queen can be kept with several workers in a small nucleus serving as a source of additional egg cells, which she readily constructs on clumps of male cocoons taken from any colony. Her young brood can be given to the original colony in the early larval stage (eggs would be eaten by workers). Finally, she also turns to lay unfertilised eggs. A failure can appear if a queen was removed to late, after she already had turned to laying male eggs. Such colony would produce only males.

The described way allows obtaining approximately 20 – 30 young queens from treated colony.  It may serve as a source of queens in various breeding programs, which naturally shall emerge in the nearest future. Certainly, it may and should be improved. For instance, it is necessary to know more about queen–less groups of workers and their ability to take care of the diploid brood from unrelated colonies. 

Cool storage of queens

Diapausing queens can be stored either solitary or in groups. The main points are high air humidity, quietness, and approximately constant temperature at the level round 4 o C. Vibrations of the cooling apparatus should be avoided.

To store queens we use the plastic feeders and boxes (the same as in the rearing process, Fig. 4) of the suitable dimension. A piece of paper helps the queen to keep fixed position and the feeding opening allows the air exchange. Sets of feeders containing queens are stored in the incubation boxes. Added wet tampons keep the highest possible air humidity. Finally, sets of containers are transferred into plastic sacs to prevent losses of moisture.
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Fig 4: Queens wintered in feeding containers.

Possibilities of adopting the described technique to other species

We tried to adopt the described method also to rear other bumble bee species, as are B. lapidarius, B. lucorum, B. hypnorum, B. pratorum, B. pascuorum, B. hortorum, B. humillis, B. ruderarius and B. sylvarum.

Basically, it is possible to use the same rearing equipment for any mentioned species.  What the technique concerns, we found responses on the given conditions very similar to the B. terrestris with the only exception: Honeybee workers were not accepted.  Other treatments gave positive results. Queens adopted cocoons of the same species of any kind (male, worker, queen) to incubate them and later to construct brood cells. But if there are no cocoons at disposal, one can start with queens in pairs, and this method seems to be very practical. 

B. lapidarius has similar behaviour  as B. terrestris and queens as well as workers are able to use the pollen offered in plastic feeders. Lapidarius queens even readily accepted terrestris cocoons (Fig 5) and started brood rearing on them. The care of the eggs once laid is exemplary in lapidarius queens. This species makes large colonies in laboratory.  Currently, at the top of the colony development several generations of queen and male brood are produced contemporarily. Queens and males do mate in laboratory. The scheme of ripening queens for hibernation is the same as that described for terrestris. Twice we could observe starting colony of the second generation in this species.
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Fig 5: The queen of B. lapidaries laid eggs on terrestris cocoon from which underdeveloped queen has emerged

B. lucorum would be expected to show the closest similarity to terrestris but this was not the case. There were large differences in the queens’ behaviour. Some showed positive reaction to the rearing condition the others did not. Some accepted terrestris cocoon to incubation and cell construction or even young terrestris worker, the other did not. If colonies were established, they mainly turned to queen and male production in early stages, having risen only one or two worker generations. Maybe the rearing temperature was to high for this species. Mating in laboratory and queen ripening for diapause are easy.

We had also several B. hypnorum queens in our tests. They were mostly able to adopt terrestris cocoon and start to breed. But their brood was susceptible to microbial processes in the fed pollen and usually died before spinning cocoons.  In spite of the fact that this species are clamed to be pollen storrer, queens readily made pockets associated with the brood clumps.

First positive results were obtained with B. pratorum. The few queens we had at disposal did not adopt terrestris cocoons. Maybe they would accept other species, but we were not able to try this. In the “queens in pair” method they started nesting, but they often did not succeed in feeding larvae. Probably they have special food sources within the plants, the pollen of with does not appear among pollen collected at beehives.  

B. pascuorum  belongs to the group of species, where queens make wax pockets associated with the brood cells.  Differently from the pollen storrers queens are not able to feed brood from the pollen feeders somewhere in the rearing box. The laboratory staffs have to put individual pellets into the pockets every day or even twice a day. On the other hand queens of this species are comparatively friendly. They can be kept two together without any division and separated later on, when one of the pair has her brood cell. The success of this method is surprisingly high.

Because of the given way of feeding larvae we adopted the following method: The first workers are reared in laboratory and then colonies are transferred into insulated hives and let to fly outside. Sugar solution and pollen are supplied continuously. The workers are able to use the pollen supplement made even from the dry pellets available in the market. (Careful inspection on the presence of pollen mites is necessary.) Colonies fed on such way develop large numbers of workers, as well as queens for further rearing. The treatment of young queens is the same as it was described for B. terrestris.

Last year we tried a trick, which may be, will advance the starting period in B. pascuorum. We put one freshly emerged terrestris worker to each of 3 pascuorum queens, which had their brood in early larval stage. And in all cases the terrestris workers fed the pacuorum larvae according to their own manner through the openings in the wax envelope without any pockets! In one case the queen and worker collaborated perfectly and developed pascuorum workers and nest, in one case the terrestris worker died and in the third case the terrestris worker became dominant and laid her own eggs on the pascuorum cocoons. This year we have repeated the trial with similar results (Fig6). When this article is written all terrestris workers feed the pascuorum brood. The terrestris workers seem to be ready to take care of any brood and the method of using mutual helpers from different species seems to have many possibilities of use.
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Fig 6: B. pascuorum queen collaborating with B. terrestris worker

B. hortorum queens started nesting in pairs irregularly regardless whether they were divided or together. Whereas queens need the help in inserting pollen into pockets, the workers seam to know how to cope with the feeding problem and do take pollen from containers (Fig 7). In this species many queens did not developed first larvae to cocoon stages, probably due to the lack of proper kind of pollen.
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Fig 7: The laboratory nest of B. hortorum showing pockets on the brood clump (right) and workers consuming pollen from feeders.

One from two tested B. humillis queens kept in divided pair laid eggs (the other died) and fed the first generation of brood. The second generation were males. Similar results were obtained with B. ruderarius. Two from the three queens tested started nesting in laboratory (one as single, the other in divided pair) but the second brood generation were males in one case and queens in the second one. In B. sylvarum workers caught in field were able to start brood rearing in laboratory and produced normal males.

Colonies outside

The main points for using colonies outside are: the insulation material present inside the hive and covering the nest, protection rain as well as overheating  (due to direct sunshine or greenhouse conditions), sugar solution ad lib, prevention of enemies.

Conclusion

The basic conditions for starting bumblebee colonies in laboratory are similar for at least a group of investigated species. Colonies in various stages of development can be et least started in laboratory and then transferred outside and let to finish their development in the nature. Taking this into consideration, the technique (which itself should be systematically improved) seems to have its perspective not only in pollination or education purposes, but also in environmental efforts. The endeavoured or scarce species might be, by means of their laboratory rearing, protected and conserved as a valuable part of biodiversity.
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