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Abstract - Prematurely uncapped worker brood cells, possibly an initial phase of hygienic behav-
ior, were found in ten Africanized honey bee colonies in Brazil. Among 360 such cells, 46 %
contained the mite Varroa jacobsoni. A mean of 12 % of the normal, capped, worker brood
cells were infested in the same colonies. In 18 % of the uncapped cells there were feces of larvae
of the greater wax moth (Galleria mellonella), but no indication of mites. The remaining cells had
no signs of either, or of any other abnormality that might have provoked the bees to uncap the cells.
White-bodied pupae, with lightly pigmented eyes were the phase most frequently found to be
uncapped, and represented 53 % of the total. The nearly four times higher infestation rate in
prematurely uncapped cells shows that the bees selectively uncap cells infested with Varroa
jacobsoni. &copy; Inra/DIB/AGIB/Elsevier, Paris
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1. INTRODUCTION

Removal of infested brood is consid-
ered an important mechanism of resistance
of the Asian honey bee Apis cerana Fabr.
to the mite Varroa jacobsoni Oudemans
[18, 19, 20, 22, 25]. The bees somehow

detect the mite(s) and/or the damage that
they cause to the bee pupa, uncap the cell
and remove the parasitized brood. The
odor of the mite itself influences this
behavior. A. cerana is especially sensitive
to V. jacobsoni artificially introduced from
A.mellifera L. colonies. A. mellifera can
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also detect and remove V. jacobsoni infes-
ted brood, but to a much lesser extent [22].

Africanized honey bees in the southern
part of South America are resistant to V.

jacobsoni and are maintained without any
kind of treatment [5, 23]. Infestation levels
are lower in Africanized colonies than in

European bees and first-generation Euro-
pean/Africanized hybrids kept under the
same conditions [6, 10, 11, 15]. This appa-
rent resistance of the Africanized honey
bees has been attributed to various fac-

tors, including reduced mite fertility [21],
fewer mite progeny [2], lower infestations
in the smaller brood cells of Africanized
versus European honey bees [9, 12] and
more efficient adult grooming behavior
[14, 16]. The infestation levels are in fact
decreasing in the Africanized bee colo-
nies in Brazil [17]. However the relative
importance of these apparent resistance
factors is still not clear, and other key fac-
tors may be involved.

Prematurely uncapped worker brood
was occasionally found during a study of
V. jacobsoni infestation rates of Africani-
zed bee colonies [3]. As these cells often
contained V. jacobsoni, we decided to exa-
mine them in order to determine if their

being uncapped was a consequence of the
Africanized bees, reaction to the mite infes-
tation.

2. MATERIALS AND METHODS

The honey bee colonies used in this study
were all Africanized, headed by queens cap-
tured in swarms, or by their descendants, kept
in the University of São Paulo apiary in
Ribeirão Preto, São Paulo state (620 m alti-
tude, 21°11’25" south latitude). The data for
eight colonies were collected May-June 1995.
These were selected by visually examining the
brood patterns of 45 colonies for opened wor-
ker brood cells. An additional two colonies
were examined in August 1997. These two had
the most opened brood cells among 32 colo-
nies examined during a 2-d period. All colonies
were kept in single storey, standard deep ten-

frame Langstroth hives, with 4-7 frames of
brood. Initially a single colony, in which ope-
ned brood cells were noticeable, was examined
ten times, during a period of 2 weeks. Each
day three combs of sealed brood were removed
and scanned visually for the presence of pre-
maturely uncapped cells. Whenever a cell was
found to be uncapped, it was examined care-
fully. A forceps was used to remove the pupa,
with aid of a fibreoptic light to illuminate the
interior of the cell. The cells and pupae were
examined for V. jacobsoni and other foreign
entities that might have provoked the premature
uncapping. These pupae were also examined
externally to search for abnormalities that could
have provoked the bees to uncap the cells, and
to determine the developmental phase of the
pupae. The developmental phases were clas-
sified according to Issa [8] and Michelette and
Soares [13] for Africanized honey bees: WP
= white pupa (with white eyes) 10.9-12.6 d;
PEP = pink-eyed pupa (white body, pink to
brown eyes) 12.6-15.7 d; LP = lightly pig-
mented pupa (brown eyes and lightly pigmen-
ted body) 15.7-18.4 days; DP = darkly pig-
mented pupa (with brown eyes) 18.4-19.2 d.

The other nine Africanized colonies, in
which opened brood cells were found, were
examined in the same way, though only two
to three times each. The brood cells were clas-
sified into three distinct categories: 1) presence
of V. jacobsoni, 2) pupa spotted with faeces
of the greater wax moth (G. mellonella L.) and
3) pupa with no damage, or partially removed,
with no indication of V. jacobsoni or wax
moths.

The V. jacobsoni infestation rate was deter-
mined for worker brood in all ten colonies.
Sealed brood was analysed in 100 cells, 50
cells on each side of a comb.

3. RESULTS

A total of 360 brood cells were found

prematurely uncapped. About half of these
contained pupae with pink to brown eyes
and white bodies (PEP, table I). The next
most frequent stage found was lightly pig-
mented pupae with brown eyes (LP).
About 7 % of the cells contained pupae
that were missing a head, and/or other
body parts. These were classified as unde-



fined (UD), as it was not possible to verify
the brood development stage. The diffe-
rences in the proportions of the pupal
developmental phases found in these
uncapped cells were highly significant
(test for n proportions [7].

About 53 % of the uncapped cells with
intact pupae contained V. jacobsoni, or
signs of the mites (table II). Most of these
contained the original female mites with
progeny. A few contained only mite pro-
geny, without the original mother mites,
which had apparently left. In others only
’fresh’ mite faeces were present, indica-
ting that the mites had left (or been remo-
ved) after the bees had uncapped the cells.
All of the cells containing only adult
female mites, also had normal quantities of
mite faeces, indicating that none of these
were infested after the cells were uncap-
ped.

The mean brood infestation rate among
the ten colonies was 11.9 %, significantly
less than the infestation rate of the pre-
maturely uncapped cells in the same colo-
nies (P < 0.05, binomial test, and test for
n proportions [7]). This implies that the
bees selectively uncapped brood cells
containing V. jacobsoni.

About 18 % of the cells contained

pupae covered with faeces of the greater
wax moth, Galleria mellonella. Rarely,
the wax moth larvae were seen. A few
were collected and reared to adult to
confirm the species identification. Some
bee pupae had only a small amount of
faeces, others were nearly completely
covered. No cells were found containing
both V. jacobsoni and wax moth faeces.
The remaining cells (about 36 %) had no
sign of V. jacobsoni or wax moths. As
there was no indication of damage, it was



not clear why they were uncapped by the
bees, though it is possible that early instar
wax moth larvae had passed through these
cells without leaving faeces. Less than 1 %
of the ’normal’ sealed brood cells exami-
ned for V. jacobsoni infestation contained
wax moth faeces (data not shown), so it
is apparent that attack by the wax moths
also significantly (P < 0.05, binomial test,
and test for n proportions [7]) influences
the tendency to uncap the brood cells.

4. DISCUSSION

The prematurely uncapped cells may
represent an initial phase of the response to
brood that has been damaged or otherwise
disturbed. These cells would be found at a
much lower frequency in colonies that
quickly removed the pupae from the
uncapped cells. The colonies in which
uncapped pupae are found in greater num-
ber could be deficient in this second phase
of the removal process.

The worker brood cells found uncap-
ped were considerably (nearly four times)
more infested with V. jacobsoni than the
’normal’ capped brood cells. If the bees
continued this removal process and des-

troyed the mites, or at least destroyed the
nymphal stages, then this uncapping beha-
vior would help the bees keep the mites
in check. This may be one of the factors

responsible for the ability of Africanized
bees to tolerate V. jacobsoni [4, 15].

The uncapping of the infested brood
cells can be regarded as a part of what has
been called hygienic behavior. Spivak et
al. [24] found that colonies that had been
selected for good hygienic behavior remo-
ved a significantly higher percentage of
pupae artificially infested with V. jacob-
soni, than did non hygienic colonies.

Boecking et al. [1] found that most
removal of infested brood occurred before
the mite progeny had reached the adult

stage, as we found in our study. Also Boec-
king et al. [1] found that the bees were



more likely to remove brood from cells
containing two adult female mites, com-
pared to cells containing only one mite.
In our colonies multiple infestations of a
single cell are extremely rare.

We can conclude that Africanized A.

mellifera have the capability to recognize
and uncap worker brood infested with the
mite V. jacobsoni. This same behavior is
evidently invoked when greater wax moth
larvae attack the brood. The fact that the

pupae were still intact in most of the cells,
and many still contained V. jacobsoni,
shows that either this defensive response
of the bees is incomplete, or that this beha-
vior occurs in stages, with other bees com-
pleting the task.
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Résumé - La désoperculation du cou-
vain d’ouvrières, un élément du com-
portement hygiénique des abeilles afri-
canisées contre l’acarien Varroa

jacobsoni. Les abeilles africanisées (A. mel-
lifera L.) sont connues pour être résis-
tantes à l’acarien parasite Varroa jacob-
soni Oudemans. Une étude détaillée du
couvain d’ouvrières dans des colonies
d’abeilles africanisées à Ribeira Preto,
S.P., Brésil, a montré que dans certaines
colonies les nymphes désoperculées
étaient courantes. Beaucoup de ces colo-
nies renfermaient des varroas, ce qui nous
a incité à examiner ces cellules pour voir
si les abeilles désoperculaient de préfé-
rence les cellules de couvain infestées par
V. jacobsoni. Sur 360 cellules de nymphes
d’ouvrières désoperculées, trouvées dans
dix colonies d’abeilles africanisées, 46 %

d’entre elles renfermaient V. jacobsoni
(tableau II). On a estimé que les cellules
renfermaient V. jacobsoni lorsqu’on trou-
vait 1) des femelles adultes de l’acarien
avec leur descendance (c’était la plupart
des cas) ou 2) leur descendance seule ou
des femelles adultes seules avec des fèces
frais d’acarien ou 3) des fèces frais d’aca-
rien seuls (indiquant que l’acarien femelle
était parti ou avait été éliminé). Le stade de
développement des nymphes a été déter-
miné dans les cellules de couvain déso-

perculé : 53 % étaient des nymphes blanches
avec des yeux roses à bruns et 30 % des

nymphes légèrement pigmentées avec des
yeux bruns (tableau I). Dans ces colonies
12 % en moyenne des cellules normales
et operculées de couvain d’ouvrières
étaient infestées. Dans 18 % des cellules

désoperculées on a trouvé des fèces de la
grande fausse-teigne (Galleria mello-
nella L.) mais aucun signe de V. jacob-
soni. Puisque moins d’1 % des cellules nor-
males operculées de couvain d’ouvrières
présentait des signes de fausse-teigne, il

apparaît évident que les abeilles désoper-
culent sélectivement le couvain infesté par
G. mellonella. Les autres cellules ne pré-
sentaient aucun signe anormal quelconque
qui ait pu entraîner la désoperculation par
les abeilles. Le taux d’infestation presque
quatre fois plus élevé des cellules déso-
perculées prématurément montre que les
abeilles désoperculent sélectivement les
cellules infestées par V. jacobsoni. &copy; Inra/

DIB/AGIB/Elsevier, Paris
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Zusammenfassung - Öffnen des Zell-
deckels, eine Komponente des Hygiene-
Verhaltens von afrikanisierten Honig-
bienen gegen die Milbe Varroa jacobsoni
Oudemans. Von afrikanisierten Honig-
bienen ist bekannt, da&szlig; sie gegen die para-



sitische Milbe Varroa jacobsoni resistent
sind. Aus Untersuchungen der Arbeite-
rinnenbrut in Ribeirao Preto, SP, Brasi-
lien ging hervor, da&szlig; in einigen Völkern
häufig Puppen ohne Zelldeckel zu finden
sind. Viele von diesen enthielten Varroa

jacobsoni. Das veranla&szlig;te uns, solche Zel-
len zu überprüfen und zu bestimmen, ob
Bienen bevorzugt die von Milben befal-
lenen Zellen öffnen. Bei insgesamt 360
entdeckelten Zellen, die wir in zehn afri-
kanisierten Völkern fanden, enthielten 46
% Varroa jacobsoni (Tabelle II). Zellen
wurden als befallen gewertet, wenn sie
adulte Milbenweibchen mit Nachkommen

(die meisten Fälle), nur Nachkommen, nur
Weibchen mit frischem Kot oder nur fri-
schen Kot enthielten. (Frischer Kot zeigt
an, da&szlig; das Weibchen die Zelle verlassen
hatte oder entfernt wurde.) Das Entwick-
lungsstadium der Puppe in entdeckelten
Brutzellen wurde bestimmt; 53 % der Pup-
pen hatten wei&szlig;e Körperfarbe und rosa
oder braune Augen und 30 % waren leicht
pigmentiert mit braunen Augen (Tabelle I).
Im Mittel waren in diesen Völkern 12 %
der normalen verdeckelten Arbeiterin-
nenbrut befallen. In 18 % der entdeckelten
Zellen fanden sich Kot und Larven der

gro&szlig;en Wachsmotte (Galleria mello-
nella L.), aber keine Anzeichen von Var-
roa jacobsoni. Da in weniger als 1 % der
normal verdeckelten Brut Zeichen der
Wachsmotte zu finden war, scheinen die
Bienen gezielt Brutzellen zu entdeckeln,
die von Wachsmotten befallen sind. Die
restlichen Zellen zeigten weder Befall
noch irgend eine andere Abnormalität, die
das Entfernen des Zelldeckels hervorge-
rufen haben könnte. Die etwa viermal
höhere Infektionsrate von vorzeitig ent-
deckelten Zellen zeigt, da&szlig; Bienen gezielt
den Deckel von Brutzellen entfernen, die
von der Milbe Varroa jacobsoni befallen
sind. &copy; Inra/DIB/AGIB/Elsevier, Paris

Varroa jacobsoni / afrikanisierte Bie-
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Hygieneverhalten
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