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Abstract 

Reproduction of Varroajacobsoni Oudemans (Acari: Varroidae) and the number of Varroa mites that were found 
dead on the bottom board of the hive, were studied in relation to the period the mites spent on adult honey bees, 
Apis mellifera L. (Hymenoptera: Apidae), prior to invasion into brood cells. The maximum period on adult bees 
was 23 days. To introduce mites, combs with emerging worker brood, heavily infested with mites, were placed 
into a colony and removed the next day. At the beginning of the first day following emergence from brood cells, 
18% of the mites introduced into the colony was found on the bottom of the hive. Part of these mites may already 
have died inside the capped brood cells, and then fallen down after cleaning of cells by the bees. At the second 
and third day following emergence, respectively 4% and 2% of the mites on adult bees at the previous day was 
recovered on the bottom, whereas from the fourth day on only 0.6% of the mites on adult bees was recovered on 
the bottom per day. After invasion into brood cells, 8-12% of the mites did not produce any offspring. Of the mites 
that did reproduce, the total number of offspring was 4.0--4.4 per mite during one reproductive cycle, part of which 
may reach maturity resulting in 1.2-1.3 viable daughters, and 8-10% of the mites produced only male offspring. 
Reproduction was independent of the period the mites had spent on adult bees prior to invasion into brood cells. 

Introduction 

Reproduction of Varroa jacobsoni, a parasitic mite 
on honey bees, only occurs on larvae and pupae in 
capped brood cells (De Jong et al., 1982; Ifantidis & 
Rosenkranz, 1988). Brood cells are invaded about 1- 
2 days preceding cell capping (Ifantidis, 1988; Boot 
et al., 1992). Approximately 60 h after cell capping 
the mites lay their first egg, which usually develops 
into a male. Subsequently, the mites continue to lay 
4-5 female eggs in 30-h intervals. One or few of these 
female eggs reach maturity, the number depending on 
the development time of the bee pupa in the cell (Ifan- 
tidis, 1983; Ifantidis, 1984; Rehm & Ritter, 1989). 

After emergence from brood cells, the female mites 
reside a certain period on adult bees in the colony 
before they invade a new brood cell (Boot et al., 1993; 
Boot et al., 1994b). The length of this period strongly 

affects the population dynamics of the mites, because 
mites cannot reproduce while they reside on adult bees 
and therefore reproduction is delayed. In addition, the 
period on adult bees may affect the population dynam- 
ics of the mites in two other ways. 

Firstly, part of the mites will die during their stay on 
bees. Data on natural mortality of mites have been col- 
lected (Liebig et al., 1984; Rademacher, 1985; Imdorf 
& Kilchenmann, 1990), but in these studies the number 
of dead mites fallen down on the bottom of the hive has 
been studied in relation to the number of mites in the 
colony at the end of the experiments. During the exper- 
iments, the mites were distributed over adult bees and 
brood cells, and therefore data on relative mortality of 
mites residing on adult bees are still needed. 

Secondly, the length of the period on adult bees may 
affect subsequent reproduction of the mites. Young 
Varroa mites that had been deprived of a period on 



adult bees before introduction into a brood cell, laid 
fewer eggs and their oviposition was retarded (Beetsma 
& Zonneveld, 1992). In addition, H~inel & Koeniger 
(1986) found that after feeding on bees with relatively 
high juvenile hormone titres, the percentage of repro- 
ducing mites was higher than after feeding on bees with 
low titres. They hypothesize that Varroa mites take up 
juvenile hormone from the bees, which in turn stimu- 
lates invasion behaviour and subsequent reproduction 
of the mites. A longer period on adult bees may then 
well increase reproduction of the mites. 

In this study we followed groups of Varroa mites 
starting at the moment of emergence from brood cells. 
Mortality and reproduction of the mites were deter- 
mined in relation to the period the mites spent on adult 
bees. 

Materials and methods 

All experiments were done at a location isolated from 
other bee colonies by at least one km, in order to pre- 
vent exchange of mites between colonies (Sakofski & 
Koeniger, 1988; Rademacher etal., 1989; Greatti etal., 
1992). Honeybees as commonly found in the Nether- 
lands were used. These bees cannot be classified into a 
specific Apis mellifera race, because many races have 
been imported resulting in a mixed population. All 
brood was removed from the colonies and the mites 
present on bees were killed with 2-5 treatments of 15- 
25 ml 85% formic acid (Wachend6rfer et al., 1985; 
Fries, 1989), until less than five mites were found on 
the bottom of the hive after treatment. Formic acid 
was chosen because its residue is probably the most 
transient when compared with other available acari- 
cides. Since formic acid is a relatively weak method 
to kill Varroa mites, a rest population may have resid- 
ed on the bees after treatment. Subsequently, a group 
of mites was introduced by placing heavily infested, 
emerging worker brood combs into the colony for one 
day. This group of mites was subsequently followed to 
determine mortality and reproduction in relation to the 
period spent on adult bees. 

Mortality. Mortality was measured daily by counting 
of the mites on the bottom of the hive. At the end of the 
experiments the mites that had remained on the bees 
were killed by applying twice one ml of Perizin R in 
50 ml water (Bayer; active ingredient: coumaphos), 
and the dead mites were counted. During the exper- 
iments, part of the mites invaded brood cells. Their 

number and the day at which they invaded were deter- 
mined as well (Boot et al., 1993; Boot et al., 1994b). 
Therefore, the number of mites present on the bees at 
any day could be calculated by summing (1) the mites 
that fell on the bottom board from that day until the 
end of the experiment, (2) the mites that invaded brood 
cells from that day until the end of the experiment, and 
(3) the mites that still remained on the bees at the end 
of the experiment. For each day, the relative mortality 
of the mites was calculated by dividing the estimat- 
ed number of mites on adult bees by the number of 
mites fallen onto the bottom board of the hive at that 
day. Subsequently, relative mortality of the mites was 
related to the period they had spent on adult bees. 

The experiment to assess mortality per day as a 
percentage of the number of mites on adult bees, was 
repeated 17 times. On average, 769 mites (range: 280- 
1730) were introduced at the start of each experiment, 
and mortality was measured during an average of 13 
days (range: 8-23). Mean mortality per day was calcu- 
lated by weighing mortality in each experiment by the 
number of mites that were present on the bees. 

Reproduction. A dated worker brood comb (Boot & 
Calis, 1991), containing worker larvae of 3--4 days 
old, was placed into the colony once a day to recap- 
ture the mites in brood cells. Worker brood cells are 
invaded from 15-20 h preceding cell capping (Boot 
et al, 1992). Therefore, the period that mites had spent 
on adult bees could be registered by marking capped 
cells daily on transparent sheets. After capping, the 
brood combs were moved into 'nursing' colonies for 
further development of the bee brood and the mites. 
Ten days after cell capping, when the honeybee brood 
was between 18 and 19 days old, the combs were tak- 
en out of the 'nursing' colonies and development of 
immature mites was stopped by putting the combs into 
the refrigerator. All cells were opened and the mites 
and their offspring were counted. Ten days after cell 
capping, young adult mites can still easily be distin- 
guished from their mothers because their pigmentation 
is not completed yet (de Ruijter & Pappas, 1983). Sub- 
sequently, reproduction of the mites was related to the 
period that the mites had spent on adult bees. 

The experiment to assess reproduction of the mites 
in relation to the time they spent on bees was repeat- 
ed three times. In the first, second, and third series, 
offspring were counted of mites that resided up to 16, 
20 and 10 days on adult bees, and reproduction was 
measured of 546, 663 and 473 mites respectively. 



Table I. Comparison of four reproduction characteristics between 
the three series. Data within a row with the same letter are not 
significantly different (Mann-Whitney U test for differences in 
number of offspring; Chi-square test for differences in fractions) 

Series 1 Series 2 Series 3 

Starting date 19-6-1989 31-7-1989 4-9-1989 

Length of period 16 21 11 

measured (days) 

Total number of 756 892 801 

mites invaded 

Number of cells 546 663 473 

where I mite 

invaded 

Fraction of mites 0.12 a 0.11 a 0.08 a 

without offspring 

Average number of 4.08 a 4.00 a 4.38 b 

offspring per 

reproducing mite 

Average number of 1.23 '~ 1.24 a 1.25 a 

viable daughters 

per reproducing 

mite 

Fraction of mites 0.08 a 0.10 a 0.08" 

with only male 

offspring 

Results 

Mortality. The number of mites fallen on the bot- 
tom board of the hive was typically high during the 
first days after emergence from brood cells and then 
dropped to almost zero (Fig. 1). At the first day, during 
which the mites emerged from the brood cells were 
introduced into the colony, 17.84-5.4% of the number 
of mites that were estimated to be present on the bees 
fell on the bottom. Subsequently, 4.35:2.2% fell dur- 
ing the second day and 1.55:0.9% fell during the third 
day after emergence. From the fourth day onwards an 
average of 0.65:0.4% fell on the bottom board per day. 

Reproduction. To compare reproduction of the mites 
only data from cells invaded by one mite were ana- 
lysed because otherwise offspring of different mites 
cannot be distinguished, and reproduction of mites is 
negatively affected by mite density (Fuchs & Langen- 
bach, 1989). Four characteristics of reproduction per 
brood cycle were analysed (Table 1): (1) the fraction 
of mites without offspring, (2) the total number of off- 

spring per reproducing mite, (3) the number of viable 
daughters per reproducing mite and (4) the fraction of 
mites with only male offspring. The number of viable 
daughters was estimated by pooling the young adults 
and immobile deutonymphs found per cell ten days 
after capping, since immobile deutonymphs can devel- 
op into adults within the remaining two days of hon- 
eybee development (Ifantidis, 1983). No differences 
between the series were found, except in series 3 for 
the higher number of offspring per reproducing mite 
when compared with series 1 and 2 (Table 1). 

In none of the three series a significant correlation 
(Kendall Rank Correlation test) between time spent on 
adult bees and the four characteristics for reproduc- 
tion was found (Table 2; Fig. 2), except for a negative 
correlation with the number of offspring per reproduc- 
ing mite in the first series (Table 2). Detailed data are 
shown of the second series, because in this series off- 
spring of mites was counted during a longer period 
than in the other series (Table 1). 

Discussion 

Mortality. Dead mites on the bottom of the hive are 
mainly found during the first days after emergence 
from brood cells. Part of these mites will already have 
died earlier inside cells, but they can only be recorded 
in the debris on the bottom from the moment the young 
bee has emerged and the cell is cleaned. Additionally,a 
considerable number of lightly pigmented adult mites 
were always found on the bottom during the first day 
after emergence. Such mites have probably just moult- 
ed into adults when the young bee emerges, and may 
be too young to survive on adult bees. After the first 
few days the number of mites that was daily found on 
the bottom board dropped to low levels. The few mites 
found may have died due to grooming activities by the 
bees (Ruttner & H/inel, 1992). 

Mortality of mites on adult bees seems to have little 
effect on population growth, because only a few mites 
die per day, and because in colonies rearing brood the 
mean residence time of mites on adult bees is maximal- 
ly 1-3 weeks, depending on the number of brood cells 
available for mite invasion (Boot et al., 1993; Boot 
et al., 1994b). This may be different during winter 
in temperate climates, because long broodless periods 
may occur and mites may therefore have to stay on 
adult bees for several months. When the same percent- 
age of mites dies per day during winter, even this low 
mortality may result in a high total mortality. Korpela 
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length of the period spent on adult bees after emergence from brood cells. Values are based on mite counts on the bottom of the hive in 17 
colonies. 

Table 2. Correlation of the time that mites spent on adult bees prior to invasion into 
a brood cell with (1) the fraction of mites without offspring, (2) the average number 
of offspring per reproducing mite, (3) the average number of viable daughters per 
reproducing mite and (4) the fraction of mites with only male offspring (Kendall Rank 
Correlation Test) 

Correlation coefficient; significance level between brackets 

series 1 (n=16) series 2 (n=19) series 3 (n=l 1) 

Fraction of mites -0 .31  (0.06) +0.07 (0.66) +0.27 (0.24) 

without offspring 

Average number of - 0 . 54  (0.003) -0 .01 (0.97) - 0 . 20  (0.39) 

offspring per 

reproducing mite 

Average number of -0 .33  (0.08) +0.28 (0.09) +0.15 (0.52) 

viable daughters 

per reproducing 

mite 

Fraction of mites -0 .13  (0.42) -0 .05  (0.76) +0.20 (0.39) 

with only male 

offspring 



et al. (1992) estimated a total mortality of 40% over 
a broodless period of 125 days during winter in Fin- 
land, which corresponds to a mean mortality of 0.4% 
per day. This is in the same order of magnitude as the 
0.6% per day found in this study. Therefore, there is 
no reason to think that mortality of mites on adult bees 
depends much on the time of the year. 

When mortality of mites is determined, it is gen- 
erally assumed that the number of mites fallen down 
on the bottom of the hive provides a good estimate of 
total mortality, mainly because it was never measured 
how many mites disappear from the colony. Mites may 
disappear when they reside on bees that die outside 
the hive and this may have influenced our results. The 
number of mites lost in this way may be small, because 
the mites prefer young bees (Kraus etal . ,  1986), which 
remain mostly inside the hive, and because only part 
of the bees that do not return to the colony carries a 
mite. It is unlikely that mites disappeared by removal 
of debris including dead mites, as a result of hygienic 
activities by the bees, because the debris fell through a 
gauze screen placed over the bottom of the hive. There- 
fore the bees could not reach the debris on the bottom. 

Reproduction.  Within a period of up to three weeks 
after emergence from brood cells, reproduction of Var- 
roa mites proved to be independent of the time the 
mites stayed on adult bees (Fig. 2; Table 2). This 
is in agreement with Wendel & Rosenkranz (1990), 
who also found no effect. Consequently, the period 
mites need to stay on adult bees to stimulate reproduc- 
tion (Beetsma & Zonneveld, 1992) is either relatively 
short, or this period is variable and only mites that 
are sufficiently stimulated invade brood ceils. In the 
latter case it is implicitly assumed that invasion into 
brood cells is limited because part of the mites is not 
motivated to invade. However, recently we found that 
all mites present on adult bees are apparently moti- 
vated to invade within a day after emergence from a 
brood cell, and that invasion is limited by the number 
of brood cells available in a colony with a constant 
number of bees (Boot et al., 1993; Boot et al., 1994b). 
Because mites are apparently motivated to invade with- 
in a day after emergence, and because reproduction of 
the mites was not affected by the time spent on adult 
bees, a short period on bees seems to be enough to 
stimulate reproduction. In addition, de Ruijter (1987) 
showed that contact with bees is by no means indispen- 
sible for reproduction of the mites. In his experiments, 
the same mites were repeatedly introduced into freshly 
capped brood cells (up to seven times). Although the 

Time elapsed since emergence from brood cells (days) 
Fig. 2. Numberofcellswhereonemiteinvaded(a), fractionofmites 
without offspring (b), number of offspring per reproducing mite (c), 
number of viable daughters per reproducing mite (d), and fraction 
of mites with only male offspring (e), in relation to the period that 
the mites spent on adult bees. Only data from series 2. The asterisk 
indicates the day during which the mites were introduced into the 
colony. 

mites had no contact with adult bees between succes- 
sive introductions, the number of eggs produced per 
mite remained the same. 

Our results cannot refute nor confirm the hypothesis 
of H~inel & Koeniger (1986). They proposed a 2-step- 
model in which (1) mites are stimulated to invade cells 
by ingesting juvenile hormone from adult bees with a 
high titre and (2) oviposition of the mites is initiated 
when they ingest juvenile hormone from the larvae. 
However, assuming juvenile hormone affects invasion 
and reproduction, the relative short residence on bees 
can only be explained when mites quickly reach bees 
with high enough titres. Varroa mites indeed change 
quickly from one-day-old bees to older bees (Kraus 
et  aL, 1986; Le Conte & Arnold, 1987), which usually 
have a higher juvenile hormone titre (Fluri eta l . ,  1982; 
Robinson et al., 1987). 

The fraction of mites without offspring was in the 
same range as found in other studies from Western 
Europe. Schulz (1984), Moosbeckhofer et al. (1988) 



and Fuchs & Langenbach (1989) found 16, 7 and 7% 
respectively, while in this study 8-12% was found. The 
8-10% mites with only male offspring was rather high. 
In the above mentioned studies 6, 3 and 3% was found, 
respectively. Mites that produced only male offspring 
probably had not mated, since haploid eggs of Varroa 
mites develop into males (de Ruijter & Pappas, 1983). 
Our estimates of viable daughters, 1.23-1.25 per repro- 
ducing mite are low compared to the above mentioned 
studies: 1.6, 1.5 and 1.5 viable daughter per repro- 
ducing mite, respectively. However, both estimates of 
this study and of the other studies are extrapolations, 
because cells have to be opened before development 
has been completed. The developmental stage of the 
brood that was opened to determine reproduction of 
mites differs between studies, and therefore the extrap- 
olated values of viable daughters per reproducing mite 
are hard to compare. 

Otten (1990) found seasonal variability in repro- 
ductive success of Varroa mites. In his experiments in 
Germany, reproductive success increased from January 
to June/July and decreased from August to Novem- 
ber. Our data, which were collected from 19 June to 
15 September, show that reproductive success is con- 
stant in this part of the year (Table 1). 

Effects of  time spent on adult bees on population 
growth of  the mites. The relation between the period 
that Varroa mites have spent on adult bees and mor- 
tality and reproduction, proved to be rather straight- 
forward. In general, large numbers of dead mites are 
found on the bottom board only within the first three 
days after emergence from brood cells. In this period 
22.2-t-5.6% of the mites that were estimated to have 
been present in the brood cells before, was found on 
the bottom of the hive in our experiments. This may be 
a tool for beekeepers to estimate infestation levels in 
their hives, because the number of mites on the bottom 
of the hive will be strongly associated with the number 
of freshly emerged mites. Thus, mortality is mainly 
related to emergence and not to the period mites spent 
on adult bees. In addition, this period does not affect 
reproduction of the mite. Although reproduction is not 
enhanced, mites may still reside for several weeks or 
longer on adult bees, which raises the question why 
Varroa mites do not invade earlier. In selecting brood 
cells, the mites do not walk across the comb, but have to 
be carried close to a cell before invasion occurs (Boot 
et aL, in press). This limits the rate of invasion (Boot 
et al., 1994), which in turn limits population growth of 

Varroa mites, as they cannot reproduce while on adult 
bees. 

Acknowledgments 

We thank M. W. Sabelis, M. Dicke, J. C. van Lenteren 
and A. de Ruijter for their valuable comments on earlier 
drafts of the manuscript. This research was supported 
by the Technology Foundation (STW), grant number 
WGB88.1512. 

References 

Beetsma, J. & K. Zonneveld, 1992. Observations on the initiation 
and stimulation of oviposition of the Varroa mite. Experimental 
& Applied Acarology 16: 303-312. 

Boot, W. J. & J. N. M. Calis, 1991. A method to obtain dated brood 
in honeybee colonies. Bee World 72: 19-21. 

Boot, W. J., J. N. M. Calis & J. Beetsma, 1992. Differential periods 
of Varroa mite invasion into worker and drone cells of honey 
bees. Experimental & Applied Acarology 16: 295-301. 

Boot, W. J., J. N. M. Calis & J. Beetsma, 1993. Invasion of Varroa 
mites into honeybee brood cells: A matter of chance or choice? 
Journal of Apicultural Research 32: 167-174. 

Boot, W. J., J. Beetsma & J. N. M. Calis, 1994a. Behaviour of Varroa 
mites invading honeybee brood cells. Experimental & Applied 
Acarology, 18:371-379. 

Boot, W. J., D. J. A. Sisselaar, J. N. M. Calis & J. Beetsma, 1994b. 
Factors affecting invasion of Varroajacobsoni (Acari: Varroidae) 
into honeybee, Apis mell~tera (Hymenoptera: Apidae), brood 
cells. Bulletin of Entomological Research 84: 3-10. 

Conte, Y. le & G. Arnold, 1987~ Influence de I'~lge des abeilles 
(Apis mellifica L.) et de la chaleur sur le comportement de Varroa 
jacobsoni Oud. Apidologie 18: 305-320. 

De Jong, D., R. A. Morse & G. C. Eickwort, 1982. Mite pests of 
honey bees. Annual Review of Entomology 27: 229-252. 

Fluri, P., M. Ltischer, H. Wille & L. Gerig, 1982. Changes in weight 
of the pharyngeal gland and haemolymph titres of juvenile hor- 
mone, protein and vitellogenin in worker honey bees. Journal of 
Insect Physiology 28: 61-68. 

Fries, 1., 1989. Short-interval treatments with formic acid for control 
of Varroajacobsoni in honey bee (Apis melli[era) colonies in cold 
climates. Swedish Journal of Agricultural Research 19: 213-216. 

Fuchs, S. & K. Langenbach, 1989. Multiple infestation of Apis 
rnell~[era L. brood cells and reproduction in Varroa jacobsoni 
Oud. Apidologie 20: 257-266. 

Greatti, M., N. Milani & F. Nazzi, 1992. Reinfestation of an 
acaricide-treated apiary by Varroa jacobsoni Oud. Experimen- 
tal & Applied Acarology 16: 279-286. 

H~.nel, H. & N. Koeniger, 1986. Possible regulation of the repro- 
duction of the honey bee mite Varroajacobsoni (Mesostigmata: 
Acari) by a host's hormone: Juvenile Hormone III. Journal of 
Insect Physiology 32:791-798. 

Ifantidis, M. D., 1983. Ontogenesis of the mite Varroajacobsoni in 
worker and drone honeybee brood cells. Journal of Apicultural 
Research 22: 200--206. 



Ifantidis, M. D., 1984. Parameters of the population dynamics of the 
Varroa mite on honeybees. Journal of Apicultural Research 23: 
227-233. 

Ifantidis, M. D., 1988. Some aspects of the process of Varroajacob- 
soni mite entrance into honey bee (Apis mellifera) brood cells. 
Apidologie 19: 387-396. 

lfantidis, M. D. & P. Rosenkranz, 1988. Reproduktion der Bienen- 
milbe Varroajacobsoni (Acarina: Varroidae). Entomologia Gen- 
eralis 14: l 11-122. 

imdorf, A. & V. Kilchenmann, 1990. NatUrlicher Milbenfall im 
Oktober. Schweizerisehe Bienenzeitung 113: 505-506. 

Korpela, S., A. Aarhus, I. Fries & H. Hansen, 1992. Varroajacob- 
soni Oud. in cold climates: population growth, winter mortality 
and influence on the survival of honey bee colonies. Journal of 
Apicultural Research 31: 157-164. 

Kraus, B., N. Koeniger & S. Fuchs, 1986. Unterscheidung zwischen 
Bienen verschiedenen Alters durch Varroa jacobsoni Oud. and 
Bevorzugung yon Ammenbienen im Sommerbienenvolk. Api- 
dologie 17: 257-266. 

Liebig, G., U. Schlipf, W. Fremuth & W. Ludwig, 1984. Ergebnisse 
der Untersuchungen fiber die Befallsentwicklung der Varroa- 
Milbe in Stuttgart-Hohenheim 1983. Allgemeine Deutsche Imk- 
erzeitung 18: 185-191. 

Moosbeckhofer, R., M. Fabsicz & A. Kohlich, 1988. Untersuchun- 
gen fiber die Abh~ingigkeit der Nachkommensrate yon Varroa 
jacobsoni Oud. vom Befallsgrad der Bienenvtllker. Apidologie 
19: 181-208. 

Otten, C., 1990. Reproduction and population dynamics of Varroa 
jacobsoni Oud. in colonies of A. mellifera L. of different origin. 
In: W. Ritter (ed.), Proceedings of the international symposium 
on recent research on bee pathology, Gent, Belgium. Apimondia, 
pp. 67-69. 

Rademacher, E., 1985. Ist eine Befallsprognose aus dem natilrlichen 
Totenfall yon Varroajacobsoni mtiglich? Apidologie 16: 395- 
406. 

Rademacher, E., H. B6ttcher & M. Pekel, 1989. Control of Varroato- 
sis in Berlin (West), a region exposed to high invasion pressure. 
In: R. Cavalloro (ed.), Present status of Varroatosis in Europe and 
progress in the Varroa mite control. Commission of the European 
Communities, Luxembourg, pp. 183-191. 

Rehm, S.-M. & W. Ritter, 1989. Sequence of the sexes in the off- 
spring of Varroajacobsoni and the resulting consequences for the 
calculation of the developmental period. Apidologie 20: 339-343. 

Robinson, G. E., A. Strambi, C. Strambi, Z. L. Paulino-Simoes, 
S. O. Tozeto & J. M. Negraes Barbosa, 1987. Juvenile hormone 
titres in European and Africanized honey bees in Brazil. General 
and Comparitive Endocrinology 66: 457-459. 

Ruijter, A. de & N. Pappas, 1983. Karyotype and sex determina- 
tion of Varroa jacobsoni Oud. In: R. Cavalloro (ed.), Varroa 
jacobsoni Oud. affecting honey bees: present status and needs. 
A. A. Balkema, Rotterdam, pp. 41-44. 

Ruijter, A. de, 1987. Reproduction of Varroajacobsoni during suc- 
cessive brood cycles of the honeybee. Apidologie 18:321-326. 

Ruttner, E & H. H~el ,  1992. Active defense against Varroa mites in 
a Carniolan strain of honeybee (Apis mell~fera carnica Pollmann). 
Apidologie 23:173-187. 

Sakofski, F. & N. Koeniger, 1988. Natural transfer of Varroajacob- 
soni among honeybee colonies in autumn. In: R. Cavalloro (ed.), 
European research on varroatosis control. A. A. Balkema, Rot- 
terdam, pp. 81-83. 

Schulz, A. E., 1984. Reproduktion und Populationsentwicklung der 
parasitischen Milbe Varroajacobsoni Oud. in Abh~tngigkeit vom 
Brutzyclus ihres Wirtes Apis mellifera L. Apidologie 15: 401- 
420. 

Wachend~rfer, G., J. Fijalkowski, E. Kaiser, D. Seinsche & J. Sieben- 
tritt, 1985. Labor- und Feldversuche mit der Illertisser Milben- 
platte als neue Anwendungsform der Ameisens~iure im Rahmen 
der Varroatose-Bek/impfung. Apidologie 16:291-306. 

Wendel, H. P. & P. Rosenkranz, 1990, lnvasionsgeschwindigkeit and 
Fertilit~it yon Varroa- Weibchen in aufeinanderfolgenden Repro- 
duktionszyklen. Apidologie 21: 372-374. 


