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Reproduction of the Varroa mite only occurs inside capped brood cells
of honey bees. Therefore, invasion into brood cells is crucial for the
mite’s reproduction and the rate of invasion will affect the growth of
the mite population. We investigated the invasion response of the
mites to drone or worker larvae of different honey bee races, because
selection for less attractive brood may help Varroa mite control. We
compared attractiveness of brood cells in 3 or 6 hour intervals before
cell capping, because invasion response of the mites increased strongly
with the age of both worker and drone larvae. The results suggest that
not the racial origin of the worker brood, but the distance between the
larva and the cell rim affected the invasion response of the Varroa
mites to worker brood cells. Possibilities to obtain less attractive brood
via selection seem to be limited.
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The varroa mite, Varroa destructor, parasitizes both honey bee brood and adult
bees of Apis mellifera L., the Western honey bee. Without mite control, bee
colonies usually perish within a few years after mite infestation (Ritter 1981).
Mite reproduction only occurs inside capped brood cells (Ifantidis & Rosenkranz
1988). Therefore, invasion into brood cells is crucial for reproduction of the
mites (Boot et al. 1993, 1994). The rate of invasion will affect the growth of the
mite population. Selection for less attractive brood, aiming at a lower rate of
brood cell invasion, might decrease mite population growth in honey bee
colonies. A prerequisite for selection of less attractive brood is that the mites
show a differential invasion response to drone or worker larvae of genetically
different honey bee origins. Vandamme (1996) showed that Varroa mites invad-
ed worker brood of European honey bees more frequently than worker brood of
Africanized honey bees. Here we studied whether differential invasion respons-
es of mites to worker or drone brood occur between different European honey
bee races. To design experiments for solving this question, factors that affect

PROC. NETH. ENTOMOL. SOC. MEET. - VOLUME 17 - 2006 55

Attractiveness of brood cells from different
honey bee races (Apis mellifera) to Varroa
mites



attractiveness of brood cells have to be considered. Mites show a differential
invasion response to drone and worker brood (Boot et al. 1995b, Rosenkranz et al.
1984, Otten & Fuchs 1988, Le Conte et al. 1989), with drone cells being invaded 12
times more frequent than worker cells (Boot et al. 1995a). Chemical information
from brood cells may, either qualitatively or quantitatively, help the mites to
discriminate between worker and drone brood. Because reproductive success is
higher in drone cells, fitness will be increased when mites are able to discrimi-
nate between these cell types and preferentially invade drone cells. Considering
the differential invasion response of mites to worker and drone brood, the inva-
sion response of mites into brood of different honey bee races should be investi-
gated for drone brood and worker brood, separately. Mites invade brood cells
starting from about two days before cell capping in the case of drone cells and
one day in the case of worker cells (Ifantidis 1988, Boot et al. 1992). Mites move
directly from the bees into brood cells, probably using a chemical signal from
these cells to decide whether to stay on the bees or to invade the cells (Boot et al.
1994). The distance from the larva to the cell rim decreases when the larva
grows. It has been shown that there is a critical distance after which the cells
become attractive to the mites (Boot et al. 1995b). The strength of a signal that
triggers brood cell invasion may be correlated to this distance. Mites may not
only perceive a signal, but they may also invade cells with a stronger signal more
readily, as suggested by Ifantidis (1988). Mites that are able to select cells with
the oldest larvae will have a higher reproductive success because they can start
oviposition earlier. We measured the attractiveness of brood cells from different
European honey bee races to Varroa mites. We designed our experiments in such
a way that the attractiveness of brood cells could be assessed in relation to the
distance between the larvae and the cell rim.

MATERIAL AND METHODS

Honeybee colonies
We used the following honeybee races: A. mellifera carnica from Germany, A. m.
iberica from Spain, A. m. macedonica from Greece and Apis m. mellifera from the
island Texel, The Netherlands. Breeding of the brood of these different honey-
bee races, as well as mite infestation of the brood was carried out in colonies of
bees that are commonly used in The Netherlands, but actually consist of a mix-
ture of A. mellifera races.

For worker brood we compared the invasion response of mites to brood of one
A. m. macedonica queen with brood of one A. m. mellifera queen, one A. m. iberica
queen and one A. m. carnica queen in three separate replicates. For drone brood
we compared the invasion response of mites to brood of an A. m. macedonica
queen to brood of two A. m. mellifera queens in three separate replicates.
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Brood combs
New brood cells reach their maximal length by the time they are capped. To stan-
dardise the length of the brood cells we only used combs that had brood at least
once. Cell length was determined using a probe to measure the distance between
the bottom of 10 empty cells and the cell caps of surrounding brood cells (Goetz
& Koeniger 1992). The same probe was used for 50 larvae of each brood sample to
measure the distance between the cell rim and the larva just before the comb was
placed in a colony with mites. We then recorded the time to cell capping so that
this distance could be related to the time between measuring and capping.

Measuring brood cell invasion
We assessed the number of mites that invaded brood cells of different larval age
categories and of different honey bee races. Worker brood combs with eggs 0-1
day of age and drone brood combs with eggs 0-3 days of age (Boot & Calis 1991)
were placed in colonies with at least 10 frames of bees. When combs were
exchanged among colonies the adhering bees were removed. When brood was
maximally 7 days old, combs were placed into a honey bee colony free of mites
due to the continued application of Apistan. This was done to avoid invasion of
mites on the one hand and to limit contamination of the brood used for the
experiment with Apistan on the other hand. After capping of the first cells, the
combs were placed in the middle of a bee colony heavily infested with Varroa
mites. Combs were removed after 3 hours. Newly capped cells were marked on
a transparent sheet that was put temporarily on the comb surface for this pur-
pose and the combs were returned to the mite-free colony. Mite invasion into
brood cells of different age was therefore restricted to the 3-hour residence time
in the mite-infested colony. Newly capped worker brood cells were marked on
the same transparent sheet in 3-hour intervals. For drone brood, the newly
capped brood cells were marked in the same way as the worker brood; first, just
after removal from the mite-infested colony, then after 3 hours and subsequent-
ly at 6-hour intervals. Thus, for cells capped during each subsequent interval the
average period between mite invasion and cell capping increased. When most
cells had been capped the combs were removed from the colony and the number
of capped cells and the number of mites in each cell were counted for each time
interval. For each interval the average time between mite invasion and cell cap-
ping was calculated. Cells that belong to the first invasion interval were capped
during the stay in the mite-infested colony. Therefore, these cells were available
for invasion on average half of the three hour period. To present the relation
between attractiveness and the time before cell capping, the number of mites per
cell in these first invasion intervals was corrected for the number of hours that
the cells were available for invasion.

The relative number of mites per time interval was measured 13 times for
worker brood. The total number of capped worker cells was 7307, the total num-
ber of invaded mites was 759 and the number of time intervals was 6 or 7. For
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drone brood, the relative number of mites per time interval was measured 6
times. The total number of capped drone cells was 3318, the total number invad-
ed mites 574 and the number of time intervals was 6 or 7.

Comparing attractiveness
The number of mites invading brood cells depends on the density of phoretic
mites in the mite-infested bee colony. In each replicate of the experiment we
were able to obtain simultaneous mite invasion in brood of only some of the
colonies we intended to test. Therefore, brood of an A. m. macedonica colony
served as a standard and was treated in the same way simultaneously with brood
from other honey bee races in each replicate (three replicates for both worker
and drone brood). The number of mites that invaded the brood cells capped dur-
ing the successive intervals was compared using a Chi2-test for homogeneity.
Predicted values were calculated from the mean numbers of mites per cell for
each interval and the number of cells in each interval. In addition, for each time
interval the number of mites per capped cell was calculated. When less than 10
brood cells had been capped during a time interval, the results were not used for
calculations. These results were considered not representative for attractiveness
of cells, because of low sample size. This occurred once for worker brood and
twice for drone brood. Relative attractiveness was calculated as the summed
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Figure 1. Numbers of mites per cell relative to A. m. macedonica versus the brood origin
for worker and drone brood, ranked according to the average difference in distance
between the larvae and the cell rim.



numbers of mites per capped cell of all time intervals divided by that of the A.
m. macedonica colony. Differences in distance from the larvae to the cell rim were
calculated as the mean difference over all time intervals.

RESULTS AND DISCUSSION
The observed differences in invasion response of Varroa mites to worker brood
of the A. m. macedonica colony and the other colonies were not statistically sig-
nificant. However, when we rank the data according to the distance between the
larva and the cell rim relative to that of the A. m. macedonica worker brood, an
association with the invasion response of mites to the brood becomes visible
(Fig. 1). The brood cells were invaded by more mites when the distance from the
cell rim to the larva was smaller, irrespective of the origin of the brood. This sug-
gests that not the racial origin of the worker brood, but the dimensions of the
brood cells and the larvae affect the invasion response of the Varroa mites to
worker brood cells.

For drone brood, we observed statistically significant differences in invasion
response of the mites to the brood cells (Fig. 1). In the first and third replicate A.
m. mellifera drone brood cells were more attractive to Varroa mites compared to
those of A. m. macedonica. In the second replicate, the invasion response of the
mites was similar for both brood origins. Ranked according to the distance
between the larva and the cell rim relative to that of the A. m. macedonica drone
brood, an association with the invasion response of mites to the brood was not
clear. Measuring the distance between the cell rim and the drone larva was ham-
pered due to extension by the bees of the neighbouring brood cells shortly before
capping. The presence of brood cell extensions depends on the age of the brood
and is, therefore, variable between combs. This causes inaccurate measurements
of this distance, thus making comparisons of invasion response more difficult
than in the case of worker brood.

In all tested brood batches we found a clear relation between invasion
response and the age of both worker and drone larvae (Fig. 2). In general, attrac-
tiveness increases strongly until the cell is capped. For drone brood the invasion
response of the mites decreases shortly before the cells were fully capped.
Worker brood cells are provided with a flat cell cap whereas drone brood cells
get a curved cap. During the last few hours before the actual closing of the drone
cell, the rim is elevated by the bees. In this way the distance between the larvae
and the cell rim is enlarged again, which decreases attractiveness.

Attractiveness of worker brood cells to mites was affected by the dimensions
of the brood cells and the larvae, irrespective of the origin of the brood. Since no
genetic variation in attractiveness has been found so far, selection for less attrac-
tive worker brood to decrease mite population growth seems no option. To
reduce attractiveness of brood cells, it may be a strategy to increase the diame-
ter of the brood cells via manipulation of comb foundation (Ramon et al. 1993),
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as this increases the distance between the larva and the cell rim (Boot et al.
1995b). However, when only the worker brood is less attractive, the mites may
invade drone cells, possibly increasing their population size even more because
their reproductive success in drone cells is higher. In addition, we may assume
that nature selected the optimal cell size and its manipulation may have unex-
pected drawbacks.
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