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Abstract

Features of seasonal dynamics of infestation imago bees with Varroa mites, in different physico-geographical ranges of Ukraine are revealed. It was established the influence of abiotic factors of environment on development of bees colonies in the early-spring term . It was shown the dependence of development of  bee's colonies and number of mite's population from antropogenic factor in the summer term. Differences in dynamics changes of number Varroa mites in bee's colonies A. m. carpatica and A. m. acervorum, adopted to different regions of Ukraine are marked. It is established, that extensity of infestation is higher than bees in steppe to Crimea and the Zakarpatye lowland, than in Boreal Poltava forest-steppe valley during bees awake ability. The population density of mites in bee's colonies is increased during one season (March - November) in 6-8 times. The races of bees adopted in regions with early appearance and long presence of brood demand the constant control of number Varroa mite population during all season. Acaricidic treatment of bees in first half of August (after the honey collection) reduces number of a parasite in 4 times and provides high vitality of winter generating bees.

Introduction

Seasonal dynamics of a species ecological population development depends on environment conditions and its vital area. A parasitic system is characterized in host being its habitat, the multiplication and survivability of parasite population depending on host's condition. Multiplication and development of bee colony, a permanent host of Varroa tick, is due to effect of a complex of ecological factors in their habitation biotope. External temperature and aeration of hive space are known to be a physical factor causing temperature changes within bees nest. Reduction of ambient air temperature from +10oC to +8oC causes stoppage of nectar secretion by entomophilous plants, bees' flying of hive and egg laying by queen. In Ukrainian moderate continental climate areas only bee imago and adult mites are present in bees’ colony. The ability of Varroa fertilized females to hibernate on host's imago and retard vitellogenesis up to appearance of sufficient issue in bee colony is a factor ensuring survival of the parasite as a species.

Stable transition of air temperature from 0oC to +8oC, duration of sunlight and amount of atmospheric precipitation define the beginning of spring in a natural climatic area, assist vegetation of entomophilous plants and activation of bees. The end of passive period in the life of hibernating bees causes reduction of relative humidity in bee club up to 80 %, carbon dioxide content up to 0,3 % and increase of average day egg-laying capacity of their queen (Es'kov, 1990; Mel'nichenko et al., 1995). Appearance of breed in bee nest expands the area of stable temperature +32–33oC which is optimal for development of bee larvae and multiplication of winter generation Varroa females (Piletskaya, 1988).

Thus, the seasonal dynamics of Varroa mites numbers depends on climatic conditions in various physical and geographic areas of bee colony’s as well as of host breed peculiarities.
The objective of our work was the study of the seasonal dynamics of infection of bee imago by Varroa mite during an active period of development of bees’ colony in different zones of Ukraine.

Materials and methods

The study of seasonal development dynamics of bee colony and extent of infection of bee imago by Varroa mite was performed during host's active vitality (March-November) in 1996 and 1997 in low steppe of Crimea – Prisivash, Zakarpatye lowlands and North Poltava forest-steppe. To predict increase of average day egg-laying capacity of queen during early spring (February–March) average data from meteorological stations for many years were used relating to average monthly precipitation, duration of sunlight and ambient air temperature that effect finishing of winter somnolence, first flying out and active flights of bees, vegetation and blossoming of entomophilous plants. Breed peculiarities of bees (Meged', Polishchuk, 1987) and effect of antropogenic factor on development of colony’s in respective areas were also taken into account. The number of bees born within the current season was calculated with due consideration of bee metamorphoses from egg to imago (21 days). The extent of infection was determined by the number of Varroa females per two hundred bees randomly taken from the colony, whereas the determinant of infection intensity was the number of mite’s on a single bee. More than 120 bee colony’s were investigated at apiaries of each of the three regions.

Experiments to substantiate the feasibility of reduction of mite numbers in bee colony’s in the first decade of August were performed in 1997 and 1998 at the Institute experimental veterinary in Kharkov. The development biology of six bee colony (number of imago and printed brood) as well as extent of mite infection were registered May through November. Three bee colony’s were treated with “Varroacide” thermal acaricide bands (DV amitrase), whereas the other three were left without chemotherapy up to November as controls.

Results

Stable temperature transition through 0o C took place according to data from meteorological stations in Zakarpatye lowlands and Crimean steppe in the second half of February, whereas in Poltava forest-steppe this happened in the third decade of March. Spring season (period with temperature 0oC to +15oC) lasted in Zakarpatye and Crimea for 82 days, in Poltava Region for 54 days (Tab. 1). The Carpathian breed of bees is known to be active in early pollen and nectar gathering with low sugars content (under 8 %) during blossoming of early spring entomophilous plants. At the same time the bees of Ukrainian steppe breed fly out for nutrition at higher air temperatures, low air humidity and sugar content in nectar at least 18–20 % (Meged', Polishchuk, 1987).

Table 1. Natural–climatical resources in Region of research
Natural–climatical resources 
North Poltava forest-steppe
Zakarpatye lowland
Crimea–Prisivash lowland steppe

Breed of bees in Region
Ukrainian steppe (acervorum)
Carpatica
Carpatica

Beginning of spring (the passed of temperature through 0оС)
March 21
February 18
February 24

Beginning of vegetation and disintegration bees nest (the passed of temperature through 5оС and 8оС)
April 7

April 17 
March 18 

April 5 
March 27
April 14 

Period bitween 0оС and 8оС
27 days
46 days
49 days

Annual sums of precipitation, mm 
430–550
620–700
300–420

Duration of sunny (shine bright); hours/month      March

April

May
121

169

247
141

215

256
145

199

278

Beginning of summer, intense vegetation and active flight of bees (passage of temperature through 15оС)
14 May
11 May
13 May

Autumn period with temperature between 15оС and 10оС
22 days
26 days
29 days

Average day number of eggs at the second half of March in Zakarpatye and Crimea reached 200 pieces, multiplication area was 2500 cells. We suppose that the increase of bee larvae number assisted reactivation of hibernating mite females and appearance of the first parasite generation on bee imago in late March and early April. The number of bees born within current season exceeded 9000 individuals by the first decade of May (fig. 1) which caused the increase of number of surviving mite generations in the spring in those areas.
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The development of bee colony in North Poltava forest steppe lagged behind the other regions by 28 days at the average. Egg laying capacity of queen increased from the second decade of April, accordingly the first spring tick generation appeared in May. The number of bee brood and imago in colony of Poltava Region by the beginning of summer season (temperature transition through 15oC) was at the average twice less than in Zakarpatye lowlands and Crimea steppe (Fig.1). By that reason the extent of mite infection in May in Poltava Region was 1,8 less than in Zakarpatye Region and 2,4 times less than in Crimea (Fig.2). Invasion intensiveness never exceeded 1–2 mites per individual at all areas studied. Still, the average values were better at Poltava Region apiaries.
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The increase of number of young bees as well as of sunlight duration and moderate scope of spring precipitation in Crimea assisted in active flying of bees to collect nutrition and in earlier construction of drone cells and laying of male eggs by queen than in Zakarpatye. Juvenile drone hormones are known to stimulate Varroa females to quickly enter the cells in order to multiply and lay more eggs as compared to those of nurse bees (Muravskaya, 1980; Avdeyeva, 1981; Akimov, 1993). We have found that invasion extent in May was higher in Crimea than in Zakarpatye Region. It may be connected to earlier appearance of Varroa-infected drones in Crimea.

The combination of abiotical factors was relatively uniform during summer season in all studied areas and favorable for rapid increase of multiplication area and the number of young bees. The development of bee colony as well as the rate of growing Varroa invasion extent differed depending on antropogenic factor effect in the area (Tab. 3) and peculiarities of bee breeds.

We found that the extent of bee imago invasion was larger in Crimean steppe than in Zakarpatye Region during all period of studies (Fig. 2). We can relate rapid increase of Varroa population in Crimea in summer season to high density of bee colony at negligible sowing areas of entomophilous plants and frequent apiary migrations to melliferous herbs. On the contrary, traditional apiculture forming “package families” restrained summer season multiplication of females and increase of mite numbers in Zakarpatye Region. It was remarked that bee colony developed more intensely during summer season in Poltava Region than in Zakarpatye. Nevertheless, the extent of apiary bee imago invasion at the average was nearly uniform in all areas. We can relate retained increase in number of mites in Poltava Region bee colony to the known ability of Ukrainian steppe bee breed to self-cleaning and limited egg-laying capacity of queen during active nectar delivery to nests (Meged', Polishchuk, 1987).

Summer and autumn invasion intensity in Crimean steppe was higher – up to 2–3 mites per a single bee, in some cases 4–5 mites per individual. We never found more than 2 mites per a bee in Poltava and Zakarpatye Regions.

Increased population density of ectoparasite is an ecological index of a species very important for planning struggle with it. Our experiment at an isolated apiary showed that the extent of Varroa invasion to bee imago increased 2 times by early September and 8 times at the average by November in colony’s where the numbers of parasite population had not been reduced in summer. Invasion extent reduced 4 times in colony treated with an acaricide during the first decade of August and insubstantially grew in early November. The number of bee imago reduced in October by 4000 individuals as compared to September in untreated colony’s, whereas in treated colony’s this reduction was 1400 individuals. The number of winter bee generation in treated colony’s was 1,5 times higher than in those left without acaricide treatment.

We found that tick population density increased 5–8 mites during a single vital period of bee colony and reached critical value for further host's survival at the period of appearance of winter bee generation (August–September), in spite of acaricide treatment last autumn. Thus, synchronous development of bee colony and Varroa mite as well as substantial increase of host's imago and Varroa mite as well as substantially increased extent of host's imago invasion by autumn irrespective of bee habitat points at necessity of closer control of parasite numbers increase rate in bee colony’s within one year. Reduced Varroa numbers in the first decade of August when bee queen begins laying eggs of future winter generation individuals assists in bearing surviving bees in autumn and in preservation of the whole colony during winter hibernation.

Discussion

The analysis of bee colony development shows that the number of born bees in March is negligible, therefore, mites do not begin multiplication and parasite population consists of only hibernating females. Besides, a limiting factor for increase of Varroa is remnant of acaricide that was used to treat bees before hibernation – they are unfavorable for fertility of hibernating females and appearance of surviving progeny. The first Varroa generation does not substantially increase invasion extent in bee colony as fertility of hibernating females is low and a substantial number of progeny does not survive (Piletskaya, 1988).

Rapid upcoming of spring, blossoming of entomophilous plants, ability of Carpathian bees to collect low-sugar nectar as well as delivery of albuminous nutrition to the nest stimulate the queen to increase average day egg laying at the end of March in Crimea and Zakarpatye Region. At the same time bee colony in Poltava Region were rejuvenated one month later. We suppose that the beginning of spring development in bee colony is the basic reason for different rate of Varroa invasion extent increase at apiaries of various climatic zones.

Thus, the increase of Varroa numbers in Ukrainian regions studied depends on abiotic environment factors that effect upon the rate of bee colony development in early spring. The increased extent of bee imago infection already in the first halt of May is connected to appearance of several parasite generations in colony’s of Carpathian bee dwelling in warm spring areas. Besides, as specified above, the high density of bee colony per hectare of entomophilous plants in Crimean steppe and necessity of frequent apiary migrations to other regions in summer season may cause excessive tick infection of bee colony. Heterogeneity of Varroa population is known to lead to improved survivability of individuals and increase of their numbers (Maslennikova, 2002).

The results of our study show evidence that the most dangerous in respect of varroosis is Crimean steppe area if Carpathian breed of bees be settled there. The large numbers of Varroa population in Crimean steppe bee colony’s is caused by earlier appearance of bee and drone broods, shift of multiplication of hibernating parasite females to March, appearance of several tick generation from April to May as well as by inadequate quantity of melliferous plants.

Thus, settling of quickly increasing breed bees with prolonged presence of brood in the colony to early spring areas necessitates anti-varroosis steps before beginning of honey collection by bees (late April – early May). Obligatory acaricide treatments of bee colony’s in summer (August 1–10) and in autumn at complete absence of breed (late October – early November) are necessary at all areas of Ukraine.
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