DEVELOPMENT OF VARROA DESTRUCTOR IN COLONIES OF APIS MELLIFERA MACEDONICA IN GREECE
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Abstract

The development of the infestation rates of adult bees and of worker sealed brood as well as the fluctuations of the daily mortality of Varroa destructor on hive debris was studied in colonies of Apis mellifera macedonica at Thessaloniki, in Greece. The research was carried out from April 1999 till April 2001, in twelve colonies, hived in Langstroth of 10 frames, without any acaricide chemical treatment. The estimations were carried out on a basis of 21-day intervals, according to weather conditions (n=29). The mean infestation rates (mean ± standard error of the mean) of the adult bees and the worker sealed brood were estimated equal to 7.16 ± 0.84 and 13.45 ± 1.77, respectively, while the mean mite mortality was estimated equal to 16.83 ± 2.49. Significant fluctuations were noticed during the period the research was carried out. More specifically, the mite population exhibited: a) a period of gradual increase from early April until the end of June of the same year, b) a period of marginal increase until the end of October and c) a period of gradual decrease from early November until the end of March. Furthermore, high mortality rate was estimated during the second half of summer as well as at the end of autumn. The development of mite population is discussed in relation to the observed mite mortality rate as well as to environmental temperature and to colony’s biology related parameters.
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INTRODUCTION
Τhe parasitic mite Varroa destructor (Anderson and Trueman, 2000) continues to be the object of numerous studies worldwide. It has been confirmed that the development of the mite population presents different growth rates among European races of Apis mellifera, sub-races, intra-racial ecotypes, as well as among different geographical areas (Kulincevic et Rinderer, 1988, Ritter et al., 1990, Otten, 1990, Fries et al., 1991, Ruttner & Hanel, 1992, Fries et al., 1994, Branco et al., 1999).

Studies on the mite population development conducted in Greece concern the mite’s reproductive phase (Ifantidis, 1983, Ifantidis, 1984, Ifantidis et al., 1999), and host-parasite relationships (Liakos, 1996).

Given that the use of chemical acaricides against mites has created very significant problems to the bee products marketing, knowledge of the mite population development is absolutely necessary for both the reduction of the varroacides use and improvement of the bio-technical and apiculture methods efficacy.

Within the scope of investigating the development of the Varroa destructor population in honeybee Apis mellifera macedonica colonies, the infestation rates of the adult bees, as well as of the sealed brood (worker and drone), and the mites mortality rate on hive debris were studied for a period of two years.

MATERIALS AND METHODS

Twelve colonies of the Macedonian bee race A. m. macedonica with one-year queens were placed in Langstroth hives of ten frames of comb and a movable bottom board; no acaricide treatment was applied. During the whole research, from April 1999 to April 2001, the colonies remained in the open-air area of the Veterinary Faculty of the Aristotle University of Thessaloniki, in Thessaloniki (40°37΄Ν, 22°57΄Ε) with a Mediterranean climatic type characterized by warm and dry summer and mild and wet winter. 

In order to estimate the infestation rate of adult bees, one or two samples of bees (1% of total bee population estimated 1,5 weeks before), was taken from a honeycomb with unsealed brood aged 4-9 days old. The samples of bees taken from a broodnest of that age contained a high number of nurse bees on which mites prefer to remain (Grobov, 1977, Kraus, 1993). The infestation rate (mites/100 bees) was estimated on the basis of the technique of Burgett et al. (1987), as described by Dietz & Hermann (1988), but using a cotton swab soaked in diethyl-ether. 

The infestation rate of each brood type (infested cells / 100 cells) was estimated after the opening up of 1% of the total worker and drone sealed brood cells estimated 1,5 weeks before. One or two combs, depending on the number of cells that needed to be opened, containing worker and drone sealed brood of various ages, were transferred to the laboratory. There, finding living adult mites, with or without fecal accumulations, into the cell or on the brood, after the seal had been removed, proved the infestation of the cell. The estimations of the infestation rates were repeated at 21-day intervals, according to weather conditions.

The daily mortality rate of mites on hive debris regarding the last 21 days was determined on the basis of the dates when estimations of the infestation rate were performed. A wire screen of 3mm2 on the bottom of the hives prevented the contact of the bees with the fallen mites which were gathered in a movable board under the wire screen and counted every 2 to 5 days. Thereafter, the daily mortality rate was calculated as the number of mites counted in 21 days divided by the number of days. 

The Pearson r correlation was applied to measure the degree of linear correlation between specific variables using the statistical package SPSS. Five percent was considered as the level of importance of the differences, unless otherwise mentioned.

RESULTS
It was not possible to determine the infestation rate of the drone sealed brood, because 1% of the drone sealed brood consisted of a small number of cells.

The mean infestation rate regarding the worker sealed brood (iwb) was estimated to be 13.45±1.77 ([image: image1]±SE, n=28) in all, 12.46±2.31 (n=14) for the first year and 14.44±2.74 (n=14) for the second year of the research. Mean infestation rate of the adult bees (iab) was estimated to be 7.16±0.84 (n=29), 7.29±1.56 (n=14) and 7.04 ± 0.82 (n=15) respectively. Daily mite mortality rate was estimated to be 16.83±2.5 (n=36) mites for the entire research period, 12.76±2.3 (n=17) for the first year and 21.26±4.6 (n=17) for the second year.During the research, fluctuations were observed (Figure 1). The highest value of the iab was recorded in the first year, during the last 10 days of November 1999, 17.84±1.8, and next year during the last ten days of September 2000, 12.56±1.98. The iwb generally fluctuated between values twice as those of the adult bees at most of the estimations. There was a significant correlation between the two variables regarding the entire research (r=0.54, P=0.003, n=28), as well as the first year (r=0.75, P=0.002, n=14). Unlike the first year, during the second year the iwb showed strong fluctuations from April to September 2000 and an opposite trend, compared to the iab, from October 2000 to April 2001 (P>0.05, n=14). The highest values of the iwb were recorded during the first year in early November 1999, 25.16±5.42, and during the second year in mid August 2000, 36.02±4.94, which is the highest value of the research in all. 
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Figure 1: Mean infestation rate of adult bees (() and of worker sealed brood ((), mean daily mite mortality rate on hive debris (()
The highest value of the mean daily mortality rate of mites on hive debris were estimated, the last ten days of November of the first year, 30±6, and in mid-August of the second year, 65 ± 16. Both years, the number of mites gradually decreased after the highest value was recorded (fig. 1). The daily mite mortality rate on hive debris showed a positive correlation with the iab regarding the first year (r=0.85, P=0, n=14), the second year (r=0.54, P=0.04, n=15) and the research in all (r=0.52, P<0.01, n=29). A positive correlation was also found with the iwb during the first year (r=0.89, P=0, n=14), as well as the second year (r=0.74, P<0.01, n=14) and the research in all (r=0.74, P=0, n=28).

The mean annual temperature was 16.4°C during both years. The annual total rainfall amount was lower in 2000, 230.8mm, compared to the 467.5mm in 1999 (Observation météo Thessaloniki). Negative correlation was estimated between the mean daily temperature and the mean infestation rate of the adult bees regarding the first year (r= –0.65, P=0.01, n=14) as well as the research in all (r=–0.56, P<0.01, n=25).

DISCUSSION
The development of the V. destructor population regarding the honeybee A.m. macedonica included the following periods: a) gradual increase from early April to the end of June, b) marginal increase from mid-July to approximately the end of October, and c) gradual decrease from early November to late March. It is worth mentioning that this research is carried out for the first time, in Greece.

The mite population increase until nearly mid-July was attributed to the low mite mortality rate as recorded on hive debris as well as to the high reproductive rate, especially during the spring of the second year when a larger number of drone brood cells was recorded. During the second half of summer, the fall of mites on hive debris was generally high; in particular during the second year it was statistically significantly higher in comparison to the first one (P<0.05). The fallen mites were young mites as well as older, darkly pigmented ones. The fall of a significant number of mites could be explained by the increase of the mite population and the decrease of the brood area but also could be affected by other factors such as environmental temperature (highest annual) which could affect the ability of the mites to remain on the adult bees. Moreover, the temperature was higher during the second year in comparison to the first one (Obs. météo, 1999, 2000). 

Later on, the gradual decrease of the number of adult bees and of the brood area till December, when the brood was interrupted almost in all colonies, combined with the existing mite population, caused alterations to the infestation rates. The temperature fluctuations recorded during November, cause alterations to the bee’s behavior and possibly could affect the ability of the mites to stay on the adult bees and may give an explanation of the large number of falling mites in late autumn. The high mortality and the low reproductive rate during autumn resulted later to the decrease of the infestation rate of the adult bees, despite the decrease of the bee population and the total absence of brood.

The lower mortality rate during winter could possibly be explained by the installation of the mites between the segments on the bee’s abdomen where they secure a better survival during the absence of brood (Fries, 1992). Fries & Perez-Escala (2001) noted that a number of mites continue to move away during winter, since they fall along with the dead bees into or outside the hive. 

Our results also differ from those of other researchers in terms of colonies’ survival despite the fact that concerning the development rate of the mite population are in agreement (Ritter et al., 1984, Fries et al., 1991, Korpela et al., 1992, Vandame, 1996, Marcangeli, 1997,  Branco et al., 1999). García-Fernández et al. (1995) results are relatively similar in terms of the infestation rates in the colonies compared to our results but they differ in terms of the development rate of the mite population.

It should also be pointed out that lower mite populations developed in the hives compared to 15 years ago, in colonies of the same race under the same conditions (Liakos, 1996) and any differences in the values between the colonies prove that the honeybee becomes year by year more tolerant to the mite, also, that among the colonies there are some with higher tolerance to the mite population. These colonies need to be selected but it must always be taken into account that the tolerance of the colonies to different parasite populations, through the years, is directly associated with the development of the worker and drone brood area, the environmental conditions and the applied beekeeping practice. 
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