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Summary — In colonies of A mellifera carnica infested with Varroa jacobsoni, the invasion of work-
er brood cells and drone brood cells by reproductive female mites was studied. In 68 choices be-
tween brood combs of both cell types, the infestation of mites per cell was, on average, 8.3 times
higher in drone brood. This drone cell preference was not affected by the infestation level. it was
more marked if drone brood was rare and it decreased towards the end of the drone rearing season.

Apis mellifera carnica / Varroa jacobsoni | host selection / drone brood / preference

INTRODUCTION

Preference of the parasitic mite Varroa ja-
cobsoni for drone brood cells of its host
Apis mellifera is very obvious and was not-
ed by various authors (Grobov, 1977;
Smirnov, 1979). Drone cell preference
(DCP) is partly influenced by the proper-
ties of the brood cells. Larger cells contain
higher numbers of mites (Message and
Gongalves, 1983). Cells protruding over
the comb surface either naturally (de Jong
and Morse, 1988) or induced by partly fill-
ing them with melted wax (de Ruijter,
1986; de Ruijter and Calis, 1988) were
shown to contain increased numbers of
Varroa mites. Rather than the shape of the
cell, the time and construction effort need-
ed for capping might be the relevant factor

in determining the degree of mite infesta-
tion. In addition, stimuli from the larvae
themselves are involved. Drone larva are
preferred in vitro over worker larvae in
choice experiments (Rosenkranz et al,
1984; Otten and Fuchs, 1989). Biotechni-
cal control of varroatosis can be accom-
plished by removing sealed drone cells
from the colonies (Ruttner et al, 1980;
Schulz et al, 1983; Rosenkranz and En-
gels, 1985). The average number of fe-
male mites invading a brood cell was
found to be 5.47 times higher in drone
brood in Brazil (Issa and Gongalves,
1984), 7.2 in Yugoslavia (Sulimanovic et
al, 1982) and 8.6 times in Western Germa-
ny (Schulz, 1984). In the present study,
the influence of the amount of brood cells,
numbers of Varroa females entering cells,
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relative proportions of last instar drone and
worker brood cells, and the season on fe-
male mite drone cell preference was inves-
tigated.

METHODS

The experiment (15 May—28 July 1987) used 26
Varroa infested hives; each hive consisted of 2
brood chambers separated by a queen exclud-
er. Brood combs of the same age were pro-
duced by placing empty drone and worker
combs into the upper chamber, which contained
the queen. These were checked for eggs at in-
tervais of 2-3 d. Drone and worker combs con-
taining same-aged drone and worker larvae, re-
spectively, were placed in the lower brood
chamber.

From these combs, worker brood combs and
drone brood combs containing 5th instar larvae
shortly before capping were combined into
pairs. In colonies containing a pair of combs
ready for capping, no other brood of the same
age was present. Two to 3 d after cell sealing,
the combs were removed and deep—frozen. The
numbers of capped cells were evaluated using
a (2 x 2 cm) grid. The numbers of Varroa were
determined by washing the mites from the cells
with a hand shower into a double sieve (Maul,
1984).

RESULTS

Cell capping of both drone and worker
brood combs in any 1 pair of combs took
place simultaneously in 68 pairs of combs.
In most cases (80.9%), the numbers of
sealed worker cells exceeded that of drone
cells. Table | gives the results of mite infes-
tation for all pairs of combs. Infestation
rates (Varroa/cell) varied widely in both
brood types depending on the numbers of
available cells and on the numbers of in-
festing Varroa. Drone cell -preference
(drone cell infestation rate/worker cell in-
festation rate) was highly variable between
pairs of combs, but was in favour of drone
cells in all but 1 case (mean: 8.33, min:
0.94, max: 30.6).

Drone cell preference was not influ-
enced by the numbers of infesting mites
nor by the total numbers of available cells,
though with smaller proportions of drone
cells in a pair of combs, drone cell prefer-
ence was significantly higher (fig 1, regres-
sion: log(y) = —0.45 x + 0.95, r = —0.336,
P < 0.01). In natural conditions, drone cells
represent approximately 5-15% of the
brood cells. In the 17 comb pairs within
this range, the average drone cell prefer-
ence was 12.07 (min: 3.88, max: 28.10).

Table . Invasion of brood cells by Varroa in a choice situation between a worker and a drone brood
comb. Mean values and extremes (in parenthesis) of 68 pairs of combs. Infestation rate = Varroa/cell;
drone cell preference = drone cell infestation rate/worker cell infestation rate.

Cells Varroa Infestation rate
Worker 1091.0 185.4 0.19
combs (23-3 892) (3-944) (0.006 8-1.086)
Drone 451.3 383.0 1.15
combs (12-1 550) (4—2 158) (0.037-5.724)
Proportion of drone Drone cell
cells in pairs (%) 32 (0.31-95) preference
Proportion of Varroa 8.33
infesting drone cells (0.94-30.6)
in pairs (%) 65 (8.1-99)
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Fig 1. Preference of Varroa mites for drone cells
in relation to the proportion of drone cells to wor-
ker cells (abscissa, %) in a choice situation bet-
ween a drone and a worker comb within a bee
hive. Drone ceil preference (ordinate): (Varroa/
worker cells)/(Varroa/drone cells). Each point re-
presents a pair of combs.

A slight, though non-significant, de-
crease of drone cell preference during the
period of the investigation is shown in fig-
ure 2 (Regression: log(y) = — 0.003 87+x
+0.98, r = — 0.213). Drone cells were of-
fered at lower proportions at the end of the
investigation period. The decrease of
drone cell preference with date is thus
partly counteracted by higher preference
with the decrease in the proportions of
drone cells. The effect of these confound-
ing variables on drone cell preference was
examined by calculating partial correla-
tions. This shows that drone cell prefer-
ence decreases with r= —0.316 (P < 0.05)
when the effect of the proportion of drone
cells is removed. If the effect of date is re-
moved, the negative correlation between
drone cell preference and proportion of
drone cells is highly significant (partial cor-
relation coefficient r= —-0.401, P < 0.001).

Figure 3 gives the distribution of the
mites between the cell types calculated for
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Fig 2. Preference of Varroa mites for drone
cells in relation to the time of year (abscissa:
date) in a choice situation between a drone and
a worker comb within a bee hive. Drone cell pre-
ference (ordinate): (Varroa/worker cells)/(Var-
roa/drone cells). Each point represents a pair of
combs.
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Fig 3. Percentage of Varroa infesting drone
brood cells (ordinate) in relation to the percen-
tage of drone brood cells (abscissa). Each point
represents a pair of combs in a choice situation
between a drone and a worker comb within a
bee hive. Solid line: percentage in drone brood
cells calculated for the mean DCP of 8.33. Das-
hed line: proportions calculated from DCP as
given by the regression equation in figure 1.
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the average drone cell preference of DCP
= 8.33 by the formula: % Varroa in drone
cells = DCP+% drone cells x 100 / (DCP+%
drone cells + % worker cells). With only
10% drone cells and 90% worker cells, the
drone cells would harbour 48% of the Var-
roa. The observed values are higher at low
drone cell proportions and lower at high
drone cell proportions (P < 0.05, (2 x 2)
contingency test), which reflects the de-
pendency of drone cell preference on
drone cell ratio demonstrated above. This
influence is shown by the curve using DCP
values according to the regression equa-
tion in figure 1.

DISCUSSION

The mean 8.33-fold preference of drone
cells to worker cells by Varroa mites is
closely related to the value of 8.6 given by
Schulz (1984), who compared 13 pairs of
brood combs. A similar value (7.2) was re-
ported by Sulimanovic et al (1982). Within
a realistic range of drone cell proportions
of 5-15%, the drone cell preference value
of 12.1 found in the present study is con-
siderably higher. Though experimental
conditions were as uniform as possible,
the range of deviations was still very high.
This conforms to earlier findings, which
showed that the cell infestation behavior of
Varroa is variable due to unknown factors
(Fuchs, 1985, 1989).

A significant decrease in drone cell pref-
erence was found with date during the
drone rearing season. This is in accor-
dance with the results of Otten (1986)
based on field samples and on in vitro
choice tests of Varroa mites between
drone and worker larvae. It is likely that
the relative intensity of the attraction of the
drone larvae decreases towards the end of
the drone—production season, when they
are nursed less intensively.

Drone cell preference clearly depended
on the proportion of drone cells. It was
high with small proportions of drone cells
and decreased by about 1 half at high pro-
portions of drone to worker cells. Apart
from the possibility that smaller brood
areas might attract relatively more mites
than larger areas, these data support the
findings of Otten (1986) and Otten and
Fuchs (1989), that individual Varroae differ
in their DCP. If so, Varroae of high DCP
are restricted to fewer drone cells as these
become rare.

DCP was not influenced by the number
of infesting mites or the absolute number
of available cells. Thus, the number of Var-
roae infesting a cell did not affect the infes-
tation behavior. The average proportion of
Varroae which gathers within drone combs
was determined only by DCP and the rela-
tive proportion of drone cells. The data and
the calculated curves show that, even with
moderate proportions of drone cells, sub-
stantial numbers of mites will be found
within drone combs. This emphasizes the
efficacy of the removal of sealed drone
brood combs as a means of Varroa control
(Ruttner et al, 1980; Schuiz et al, 1983;
Rosenkranz and Engels, 1985).
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Résumé — Préférence des cellules de
couvain de méles par Varroa jacobsoni
Oud dans les colonies d'Apis mellifica
L. L'acarien parasite Varroa jacobsoni pré-
fere, pour se reproduire, les cellules de
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couvain de maéles & celles d'ouvriéres.
Dans ce choix, 'architecture de la cellule
(de Ruijter, 1986; de Jong et Morse, 1988;
de Ruijter et Calis, 1988) aussi bien que
les larves elles-mémes (Rosenkranz et al,
1984; Otten et Fuchs, 1989) sont détermi-
nantes. Le degré de préférence a été esti-
mé sur des échantillons de couvain prove-
nant de colonies parasitées (Sulimanovic
et al, 1982; Schulz, 1984; Issa et Gon-
calves, 1984). Le présent travail a pour but
de déterminer, en conditions contrdlées,
les facteurs de cette préférence, en étu-
diant l'influence de la quantité de couvain,
des proportions relatives des 2 types de
cellules de couvain, du nombre d'acariens
et de la saison. Des couples de rayons de
couvain, comprenant un rayon de couvain
de males et un rayon de couvain d'ou-
vrieres de méme age, ont été constitués et
placés dans des colonies parasitées du 15
mai au 28 juillet 1987. Au moment de l'in-
troduction des rayons (5¢ stade larvaire,
peu avant 'operculation), il n'y avait dans
les colonies aucun autre couvain du méme
age. Aprés l'operculation les surfaces de
couvain ont été mesurées et le taux de pa-
rasitisme estimé par la méthode du lavage
(Maul, 1984).

Les résultats portant sur 68 paires de .

cadres sont présentés dans le tableau .
Le rapport couvain de males/couvain d'ou-
vrieres a varié trés fortement, de méme
que le taux de parasitisme. La préférence
pour les cellules de males (rapport varroas
par cellule de male/varroas par cellule
d'ouvriére) est de 8,3 en moyenne avec de
tres fortes variations individuelles (mini-
mum 0,94; maximum 30,6). Ce chiffre
concorde avec les valeurs trouvées par
Schulz en 1984 (8,6) et Sulimanovic et al
en 1982 (7,2). Il apparait une préférence
plus marquée quand la quantité de cou-
vain de males diminue (fig 1). Lorsquily a
5 a 15% de cellules de couvain de males
(proportions rencontrées en conditions na-

turelles), la préférence pour ces derniéres
est de 12,1. L'une des causes possibles
pourrait étre la préférence individuelle va-
riable des acariens pour le couvain de
maéles (Otten, 1986; Otten et Fuchs, 1989).
De ce fait, lorsque la quantité de couvain
de males est faible, les acariens se
concentreraient dans celui-ci. Ni la quanti-
té totale de couvain disponible, ni le
nombre d'acariens n'ont eu d'influence sur
la préférence pour les cellules de males.
Celle-ci est par conséquent indépendante
du taux de parasitisme des cellules. Elle
est, par contre, atténuée vers la fin de I'ex-
périence (fig 2). Ceci est a attribuer vrai-
semblablement & une attractivité réduite
des larves de males recevant moins de
soins en fin de saison. Les données mon-
trent que, méme lorsque le couvain de
males est en faible proportion, on y trouve
des quantités élevées d'acariens (fig 3).
Cela fait ressortir l'intérét du retrait des
cadres de couvain de males operuié
comme moyen de lutte contre Varroa
(Ruttner et al, 1980; Schultz et al, 1983;
Rosenkranz et Engels, 1985).

Apis mellifica carnica / Varroa jacob-
soni / choix héte / couvain male / préfé-
rence

Zusammenfassung — Bevorzugung von
Drohnenbrutzellen in Bienenvblkern
von Apis mellifera carnica durch Varroa
jacobsoni Oud. Die parasitische Milbe
Varroa jacobsoni bevorzugt fir ihre Repro-
duktion Drohnenbrutzellen gegeniiber Ar-
beiterinnenbrutzellen. Hierfiir sind sowohl
die Bauart der Zellen (De Jong und Morse,
1988; de Ruijter, 1986; de Ruijter und Cal-
is, 1988) als auch die Larven selbst (Ro-
senkranz et al, 1984; Otten und Fuchs,
1989) bestimmend. Die Stérke dieser
Praferenz ist wiederholt an Brutproben_aus
befallenen Volkern abgeschéatzt worden
(Sulimanovic et al, 1982; Schulz, 1984,
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Issa und Goncalves, 1984). In der vorlie-
genden Arbeit sollte diese Praferenz unter
kontrollierten Bedingungen bestimmt wer-
den und hierbei eine mdgliche Beeinflus-
sung durch das Brutangebot, das
Verhéltnis beider Bruttypen, die Milbenan-

zahlen oder die Jahreszeit untersucht -

werden. Hierzu wurden im Zeitraum vom
15. Mai bis 28. Juli 1987 jeweils Paare aus
einer gleichalten Drohnenbrutwabe und
einer Arbeiterinnenbrutwabe gebildet und
in varroabefallene Volker eingestelit. Zum
Zeitpunkt des Befalls (funftes Larvenstadi-
um kurz vor Zellverdeckelung) befand sich
keine weitere gleichalte Brut in den
Volkern. Nach Verdeckelung wurden die
Brutflachen ausgemessen und der Varroa-
befall durch Auswaschen bestimmt (Maul,
1984). Die Ergebnisse aus 68 Wabenpaa-
ren sind in Tabelle | aufgefiihrt. Das
Verhdltnis von Drohnenbrut zu Arbeiterin-
nenbrut varriete sehr stark, ebenso der
Befall mit Varroamilben. Die Bevorzugung
von Drohnenzellen (Varroae pro Drohnen-
zelle/Varroae pro Arbeiterinnenzelle) be-
trug im Mittel 8,3 bei sehr stark schwan-
kenden Einzelwerten (Minimum 0,94,
Maximum 30,6). Dies entspricht den Anga-
ben von Schulz (1984) mit 8,6 und Sulima-
novic et al (1982) mit 7,2. Es zeigte sich
eine deutlich hdhere Praferenz bei abneh-
mendem Drohnenbrutangebot (Abb 1). In-
nerhalb eines natirlichen Anteils von 5 bis
15% Drohnenbrutzellen war die Drohnen-
brutpréferenz  12,1fach. Eine  der
méglichen Ursachen hierfir kénnte eine
unterschiedlich hohe Drohnen-
brutpraferenz der einzelnen Milben sein
(Otten, 1986; Otten und Fuchs, 1989).
Hierdurch wirden sich Milben hoher
Praferenz bei nur geringem Drohnenbrut-
angebot in dieser konzentrieren. Das Brut-
angebot insgesamt oder die Anzahl der
eindringenden Milben hatten keinen Ein-
fluB auf die Drohnenbrutpraferenz. Diese
ist damit vom Befallsgrad der Zellen un-
abhangig. Dagegen war sie gegen Ende

des Versuchszeitraums verringert (Abb 2).
Dies ist vermutlich auf eine verringerte At-
traktivitdit der jahreszeitbedingt dann
schlechter  gepflegten  Drohnenlarven
zuriickzufohren. Die Daten zeigen, daB
bereits bei geringem Drohnenbrutangebot
erhebliche Anteile der Milben in der Droh-
nenbrut anzutreffen sind (Abb 3). Dies un-
terstiitzt Uberlegungen zur Nutzung von
Drohnenbrut als Falle fiir die Milben (Rutt-
ner et al, 1980; Schulz et al, 1983; Rosen-
kranz und Engels, 1985).

Apis mellifera carnica | Varroa jacobso-
ni/ Drohnenbrut / Bevorzugung
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