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Abstract

In the framework of a wide research in colonies of Apis mellifera macedonica, the development of the adult bees population, the sealed brood (worker and drone) as well as the pollen comb area was studied for two years, from April 1999 until April 2001. For this purpose twelve colonies were used, hived in Langstroth of 10 frames. Throughout the research period, the colonies were kept in a forty colonies apiary, permanently located in an open-air area, not far from the University Campus. No acaricide treatment was applied to the colonies. The estimations were carried out on a basis of 21-day intervals. Later on, the total sealed brood cells were determined, for the whole period of the 21 days. The highest value of the mean worker sealed brood (mean ± standard error of the mean) was observed at the end of May – early June. Afterwards, the worker sealed brood exhibited a gradual decrease, until the end of December when the brood was interrupted in almost all colonies. The mean drone sealed brood showed similar tendencies, but significantly higher values were appeared during the spring of the second year, compared to that of the first year, because of the replacement of the queens by supersedure. The population of adult bees showed an increase from March until the half of July, followed by a gradual decrease until the end of winter. The fluctuations of the variables recorded during the year are discussed in relation to the honeybee population dynamics.

Keywords: Apis mellifera macedonica, adult bee, capped brood

INTRODUCTION
The Μacedonian bee race Apis mellifera macedonica is the most widespread in Greece. The main reasons for being so widespread is the calm character, which makes manipulations easier, and of course the resistance this race presents to tracheal mite. A typical example is the island of Crete where a large number of beekeepers were forced to import colonies or Macedonian bee race queens because of the sensitivity the local bee A. m. adami showed to Acarapis woodi.

Despite the fact that the Macedonian bee race is widely spread in most Greek beekeeping areas, the studies concerning the A. m. macedonica honeybee biology are quite few (Pappas, 1991, Kostarelou-Damianidou et al., 1995). 

Within the framework of a wide research in colonies of A. m. macedonica, the development of the adult bees population, the sealed brood differentiating between worker and drone brood cells and the pollen comb area was studied for two years in colonies of A. m. macedonica. The research was carried out in natural conditions, almost identical to those under which the colonies are used in the beekeeping process.
MATERIALS AND METHODS
The work was performed from April 1999 to April 2001, in twelve colonies kept throughout the research period in an apiary of forty colonies of Macedonian bee race. The apiary is permanently located in the open-air area of the Veterinary Faculty of the Aristotle University of Thessaloniki, in Thessaloniki (40°37΄Ν, 22°57΄Ε), not far from the University Campus. Thessaloniki is an area with a Mediterranean climatic type characterized by warm and dry summers and mild and wet winters. The mean annual temperature is 16.2°C, while the mean temperature of the coldest month is 5.6°C and that of the warmest month is 26.7°C. The annual total rainfall amount is 469.8mm (Observation météorologiques de Thessaloniki).

The colonies were hived in Langstroth with ten frames of comb and a movable bottom board. They had one-year queens and in the second year of the research the colonies were allowed to replace their queen by supersedure. It should also be noted that no acaricide treatment was applied. 

The research included the estimation of the number of adult bees and worker and drone capped brood cells, as well as the estimation of the pollen area expressed in number of cells. The actions were repeated every 21 days depending on weather conditions. In details, the number of adult bees was estimated on the basis of the extent of coverage of the combs with bees. About three thousand bees correspond to a deep frame (20.35X43.2 cm) covered in both sides with bees (Burgett & Burikam, 1985, Nelson & Jay, 1972, Jeffree, 1951). The estimation of the number of the worker sealed brood cells as well as of the pollen storage was made by using transparent sheets of celluloid 26Χ45 cm subdivided in squares of 4 cm². Βased on Jeffree’s (1958) value we assumed that there are 4 cells /cm². Τhe estimation of the total drone sealed brood was made by counting the drone sealed brood cells one by one. 

Only sealed brood areas were measured in this study on a basis of 21-day intervals. Worker brood is sealed for 12 days before the emergence of adults; drone brood for 14 days. Therefore, adjustments were necessary in order to estimate the total sealed brood for each period of 21 days. In particular, the measured brood cells represented approximately 4/7 of the total worker brood produced (3/7 less) and 2/3 of the drone brood (1/3 less). The total number of sealed cells was calculated for the period of 21 days by adding the remaining number to the already measured number.

RESULTS
The bee population presented a gradual increase from April, 7083 ± 393 (mean ± standard error of the mean, SEM), to the end of June 21083 ± 1388(±SEM), and then a gradual decrease until the beginning of March of the next year, 11500 ± 622 (figure 1). In the second year, the population of adult bees presented an increase until the end of May, 23792 ± 1954; it was maintained at a high level until the end of July, 23750 ± 1419, and then presented a gradual decrease until the end of the research. The highest worker brood value was estimated at the end of May for the first year, 17655 ± 1674, and at the end of July for the second year, 15302 ± 855.
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Figure 1: Mean number of adult bees 

The mean worker sealed brood increased rapidly from early April, 5157±1160, to the end of May when the highest value, 17655±1675, was estimated during the whole period of the research (figure 2). Afterwards there was a decrease with some fluctuations, until the end of December when the brood had been interrupted in almost all colonies. In some colonies the brood had been interrupted already from mid December. In both years there was an increase in September. During the second year, the highest average worker brood, 15302±855 cells, was recorded in about mid July.
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Figure 2: Mean number of worker sealed brood cells (() and mean number of drone sealed brood cells (()

The mean drone sealed brood increased from early April, 185±34, to the end of May, 541±102, then gradually decreased and was maintained at low levels until December, 3±0.8. In the second year, the highest value of the whole research period was estimated in about mid May, 898±238, and then gradually decreased until the end of November. It was established that there is a positive correlation between worker and drone sealed brood in the first year (r=0.86, P=0, n=14), in the second year (P>0.05, n=15), as well as during the whole research (r=0.60, P=0.001, n=29).

The mean pollen area expressed in number of cells, presented a downward tendency from about the beginning of July to the beginning of next March, though fluctuations were observed. The pollen area was estimated in 2331±553 cells in the first ten days of July, in 5133±79 cells and in 4555±680 cells in the last ten days of August and October respectively, while at the beginning of next March it was estimated in 2184±564 cells. In the second year there was a gradual increase again until the beginning of June, 11757±1731, and then a decrease, though with lower fluctuations than in the first year, until January 2001, when it was estimated at 981±325. After January, there was a slight increase until the end of March, 2936±318.

DISCUSSION
The population dynamics of A. m. macedonica does not considerably differ from other races of Apis mellifera. It is characterized by rapid increase of the brood and population from the beginning of spring to the mid summer, then gradual decrease until the interruption of egg laying at about end of autumn depending on the climate conditions of the place, and stabilization of the population at a number of bees required for the colony hibernation. The slight differences observed are mainly due to the climate conditions, as well as to the annual flora growth cycle in the region where the race resides. Some deviations were also observed, but they should be attributed to the disturbance caused to the colonies because of the frequent inspection, despite the fact the Macedonian bee race is an easy race to manipulate.

The brood rearing period lasts for 10,5-11 months. At a small number of bees it was established that the brood had been present since the first 15 days of January, while in most colonies egg laying started in the second 15 days of January. At the end of May - beginning of June egg laying reaches the maximum level and colonies usually swarm. Then there is a gradual decrease at about the end of September until mid December, when egg laying stops. Similar results are also reported by Pappas (1991), and Kostarelou-Damianidou et al. (1995). The significantly smaller number of eggs compared to the results of other researchers (Nolan, 1925, Jean- Prost, 1979) proves that queens of A. m. macedonica lay less eggs and the colonies develop a smaller brood area at a slower pace, compared to other A. mellifera races. Br. Adams (1983) and Ruttner (1988) make similar remarks.

In the second year, the replacement of queens by supersedure resulted in the later appearance of the mean maximum worker brood despite the fact that the maximum value of all colonies was kept high during the whole period from May to July; on the other hand, the drone brood was maintained at high levels already from April till May. The drone brood usually fluctuates at less than 5% of the total brood but its extent is also influenced by the condition of honeycombs. In this work, the mean drone brood fluctuated from the end of March to the end of June from 1.8% to 5.05% for the first year and from 0.89% to 7.72% for the second year. The maximum values from 11.98% to 20% were observed in colonies where they replaced their queen by supersedure.

Regarding the mean adult bee population, it can be deduced that it reaches 30-40000 bees until the beginning of July in colonies that don’t swarm. Then it gradually decreases to 10-20000 bees, with which colonies overwinter. The decrease of the brood extent and adult population during the second half of the summer is possibly due to the lack of pollen and nectar, because of the long drought and high temperatures. Of course the pollen extent presented fluctuations, which were related to its availability as well as to the pollen forager population. It should also be pointed out that at a large comb extent, there is a significant quantity of pollen under the honey; this pollen is revealed only after the honey is unsealed and consumed. This fact accounts for the changes observed in the pollen extent during periods of low pollen quantity or of weather conditions not favouring its collection.
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