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Abstract — Two behaviors of honey bees, hygienic behavior and grooming, are mechanisms of
defense against brood diseases and parasitic mites. Studies have shown that Apis mellifera colonies
remove worker brood infested with Varroa jacobsoni mites from the nest (hygienic behavior), and
groom the mites off other adult bees, but to a limited extent compared to the original host of
V. jacobsoni, A. cerana. Research is reviewed on hygienic and grooming behaviors with respect to
their potential as mechanisms of resistance to V. jacobsoni. Studies related to hygienic behavior
include the removal of experimentally infested and naturally infested brood, measurements of heri-
tability, the uncapping and recapping of cells containing infested pupae, and the detection of infested
brood. Studies on grooming include the process by which a groomer detects and damages a mite
found on itself or on another adult bee, how the behavior is quantified, and problems with these
methods of quantification. Finally, unresolved questions concerning grooming and the effects of
hygienic and non-hygienic behaviors on limiting the population growth of V. jacobsoni are dis-
cussed. © Inra/DIB/AGIB/Elsevier, Paris
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1. INTRODUCTION Phoretic mites infest new colonies by attach-

ing to drifting and robbing bees. The mite

Beekeeping with Apis mellifera L. bees is
endangered worldwide by the ectoparasitic
mite Varroa jacobsoni Oud. [22, 71].
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feeds on the hemolymph of adult bees and
brood, and reproduces in the brood. The
daily amount of hemolymph that a mite con-
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sumes from a bee (0.25 pL according to
Moritz [86]) probably does not have a neg-
ative effect on an otherwise healthy bee.
Bees infested with multiple mites during
their metamorphosis show degenerated fat
bodies, underdeveloped hypopharyngeal
glands and a shortened lifespan [7, 34, 110,
111]. In addition, secondary infections
(viruses and bacteria) can be transferred by
the mite or triggered in the bees’ body and
are the primary cause of bee mortality in
colonies severely infested with V. jacobsoni
[1,4,5,23,55,56,59,94,95, 113].

Because A. mellifera colonies die from
varroosis within a few years if the mite pop-
ulation growth is not regulated by the bee-
keeper [101, 104] and chemical control has
its problems and limitations [72, 136], it is
of common interest to breed bees for a
higher resistance to this mite. Selection and
breeding are long-term solutions to the pre-
sent crisis in apiculture. Szabo [124] stated
that this solution “... is the most complex,
time consuming, and economically signifi-
cant research for the beekeeping industry”.
Using the known defense mechanisms of
A. cerana Fabr. as a model, we review the
present knowledge about behavioral defense
mechanisms of the honey bee A. mellifera to
the mite V. jacobsoni. These individual
defensive behaviors might form a behav-
ioral complex that contributes to overall
resistance by the bees.

2. MECHANISMS TO REDUCE
DISEASES AND PARASITES

Feral and domesticated honey bee
colonies have evolved elaborate defense
mechanisms to protect both themselves and
their food from pathogen and parasite inva-
sion. The defense mechanisms of individ-
ual bees serve to minimize the threat for the
whole colony.

Constitutional defense mechanisms, such
as the chitinous cuticle, which serves as a
barrier between internal and external envi-

ronments, and the intestinal microflora of
the bee gut, can protect each individual bee
against infectious diseases [35, 42, 44, 45,
57, 75]. Cellular defense mechanisms (hemo-
cytes) and humoral reactions (enzyme and
antimicrobiotic factors) can contribute to
resistance towards infections [29, 57, 76,
77, 134, 137]. The proventricular valve
enables the bees to filter ingested spores,
which serves as a mechanism of physiolog-
ical resistance to diseases [35, 122]. These
individual responses, coupled with the bees’
short life-span and rapid replacement with
healthy individuals, can limit the spread of
infections between bees within a colony.

Of interest to this article are the behav-
ioral defenses that limit the spread of dis-
eases and parasites. Hygienic and groom-
ing behaviors are examples of such
behavioral defenses. Hygienic behavior is
the main mechanism by which A. mellifera
resists the brood diseases American foul-
brood (AFB) (Paenibacillus larvae larvae)
[108, 122] and chalkbrood (Ascosphaera
apis) [43, 44, 117]. Hygienic honey bee
workers have the ability to detect diseased
brood, uncap the wax covering over the
brood cells and remove the infected larvae or
pupae. The impact of hygienic behavior on
the spread of infective diseases is maxi-
mized if it takes place before the causative
organism reaches the infectious sporulating
stage [118, 119, 139].

Hygienic behavior of worker honey bees
is determined largely by two behavioral
components, the uncapping and the removal
of dead brood. Few colonies (10 % or less)
in nature demonstrate hygienic behavior
[89, 116, 117]. However, colonies can be
readily selected for the behavior using a
field assay [119], or by direct inoculation
with the pathogen [44, 108] or mites [13,
114].

Grooming behavior enables individuals
and groups of bees within a colony to
remove dust and pollen from their bodies, to
disperse pheromones, and to remove
ectoparasites. Grooming behavior involves
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biting and licking with the mouthparts and
movements of the mesothoracic legs. Anten-
nae are carefully cleaned by the antenna
cleaner on the prothoracic legs [21, 58, 138].
Many self-grooming (auto-grooming) activ-
ities of bees can be seen on flowers, in flight,
during pollen collection, and in the hive.
Social grooming (allo-grooming) between
bees can be observed within the hive. Allo-
grooming may be elicited by a grooming
dance, first described in A. mellifera by Hay-
dak [52]. A bee performing this dance is
groomed by a nestmate with the mesotho-
racic legs [74]. Grooming is an important
mechanism of protection against the inva-
sion of tracheal mites (Acarapis woodi) into
the tracheal tubes in bees known to have
genetically based resistance to this parasite
[31, 64, 93].

3. DEFENSE MECHANISMS
OF A. CERANA TO V. JACOBSONI

The original host of V. jacobsoni, A. cer-
ana, lives in equilibrium with this ectopar-
asitic mite. The balanced host—parasite rela-
tionship between A. cerana and V. jacobsoni
can be explained by the limited reproduc-
tion of the mite on this bee species and
behavioral defense mechanisms of the bees
against the mites.

The removal of mite-infested worker
brood, or hygienic behavior, is one defense
mechanism of A. cerana towards V. jacob-
soni [91, 92, 99]. In some cases, A. cerana
workers open the cappings of mite-infested
brood without removing the bee brood. The
mites then leave the opened cells or are
removed by the bees, and the brood cells
are subsequently resealed with a new wax
cap [96, 100, 105, 106, 127]. Investigations
by Rosenkranz et al. [106] indicated that
the number of infested pupae that are
removed from experimentally infested cells
may be lower than previously reported [91,
92, 100] because the source of mites used for
experimental infestation influences the

removal behavior of the bees. When mites
from other colonies (either intraspecific
A. cerana, or interspecific A. mellifera) were
introduced into the brood cells, the removal
rates of mite-infested brood were higher
(about 60 %) than when the introduced mites
were collected from within the test colony
itself (about 10 %).

A. cerana workers do not remove mite-
infested drone brood owing to the thick cell
capping over the drone cell, a structure
unique to A. koschevnikovi and this species
[96, 100]. Drones which are infested with
multiple mites become weakened and are
not able to open their cell caps from the
inside as they normally do at the time of
emergence. They die together with the mites
inside such cells because the worker bees
do not open these cells from outside, thus
creating ‘mite-traps’ in the brood nest [61,
96, 97]. Initial infestation rates with two
mother mites per cell can reduce the emer-
gence rate of the infested drones to less than
30 % [97]. Recently Boecking (unpublished
data) found that A. cerana bees sometimes
additionally close the central pore in the
drone cell cap of such infested pupae from
outside with wax material, entombing the
mites within the brood nest. Consequently
the successful reproduction of V. jacobsoni
in A. cerana drone brood is limited, result-
ing in low overall rates of parasitism.

Grooming behavior towards phoretic
mites is another known defense mechanism
of the Asian bee towards the ectoparasitic
mite [28, 39, 91, 92, 96, 126]. Auto- and
allo-grooming behavior of A. cerana work-
ers is dependent on the ability of the work-
ers to detect the mite and successfully groom
it from the bee’s body. The bees can readily
be observed grabbing and crushing mites in
their mandibles. If a bee fails to groom her-
self, she may perform the grooming dance
by rapidly shaking her abdomen. The dance
elicits allo-grooming by nestmates [91].
Thus, mites are disturbed and sometimes
killed by the grooming behavior of A. cer-
ana workers.
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Investigations by Fries et al. [39] indi-
cate that this behavior may be less effective
in combating mites than previously reported
[28, 91, 92]. Using A. cerana and A. mel-
lifera bees in cage experiments, observa-
tion hives and full-size colonies, the authors
found that the proportion of live mites that
had visible damage as a consequence of
grooming was about 30 % in A. cerana com-
pared to 12.5 % in A. mellifera colonies.
Fries et al. [39] considered only instances
of successful grooming in which the mites
were damaged, in contrast to Peng [91] and
Biichler [28], who included the movement of
mites from one bee to another bee, and the
observer losing sight of the mites as groom-
ing events.

V. jacobsoni mites are specifically
adapted to their host, having distinct attach-
ment sites on the bees’ bodies which make
it difficult for the bees to successfully groom
the mites [33, 96, 98]. If not groomed off,
the mites can survive on the bees for long
periods without reproduction (several months
see Rath [96]) and can disperse to other
colonies while attached to drifting bees.
Infestation levels of up to several hundred
adult female mites in A. cerana colonies
demonstrate that V. jacobsoni does survive
in the colonies and is well adapted to its
original host [2, 96, 98, 100, 106, 127, 140].

It should be emphasized that, in principle,
grooming and hygienic behaviors of A. cer-
ana towards V. jacobsoni are factors which
contribute to a balanced host—parasite rela-
tionship. However, because the mite does
not reproduce, or has very limited repro-
duction in worker brood of A. cerana,
grooming and removal behaviors may not
be the most important mechanisms of resis-
tance. Based on simulation studies on the
population growth of the mite. Fries et al.
[38] argued that the limited reproduction of
V. jacobsoni on seasonally occurring drone
brood in A. cerana is sufficient to explain the
bees’ tolerance of the mite.

4. DEFENSE MECHANISMS
OF A. MELLIFERA
TO V. JACOBSONI

When the host—parasite relationship
between V. jacobsoni and A. cerana is used
as a model to search for natural resistance to
the mite by A. mellifera, it is evident that
the defense mechanisms of the Asian honey
bees (grooming and hygienic behavior)
against the mite are also present in Euro-
pean and North American honey bees.

4.1. Hygienic behavior

A. mellifera also removes mite-infested
pupae from capped brood cells but to a lim-
ited extent compared to A. cerana [6, 11,
13, 14, 18, 91, 113]. A. mellifera also
removes brood infested with Tropilaelaps
clareae Delfinado & Baker [19, 102]. In
most published investigations, brood cells
experimentally infested with living V. jacob-
soni were used to quantify this behavior;
data on the removal of naturally infested
brood are scant. Africanized bees in Mexico
removed 32 % of brood naturally infested
with mites compared to 8 % by European
bees under the same local conditions [132].
A. m. intermissa bees in Tunisia removed
on average 15.5 % of the pupae in naturally
infested cells (Ritter and Boecking, unpub-
lished) and A. m. carnica colonies removed
16.6 % [14]. The mean percentage removal
of brood experimentally infested with one
living mite per cell by 76 colonies not pre-
selected for hygienic behavior was 23.5 +
18.2 (tested three times during 1997) [17].
Only 9.2 % of these colonies removed more
than 50 % of the infested brood. A. m. ligus-
tica colonies that had been pre-selected for
hygienic behavior in the US (28 colonies
total, 1994-1997) removed an average of
52.1 % (+ 25.6) of the experimentally
infested pupae, compared to 17.4 % (+ 14.7)
in colonies selected for non-hygienic behav-
ior (19 colonies, 1994-1997) [114, 119].

In contrast to diseased brood, mite-
infested larvae and pupae do not necessarily



Behavioral defenses of honey bees against Varroa jacobsoni Oud. 145

die. Opened brood cells containing healthy
pupae can indicate part of the process of
removal behavior [30]. In some cases the
caps of mite-infested brood are opened and
then closed again by the bees with a new
wax cap without eliminating the bee brood.
In those cases, the mites may leave these
cells by the temporary opening in the cap-
ping [6, 12] as observed in A. cerana. As a
result of opening and closing the cell cap
by the bee, a distinct change in the silk/wax-
structure of the inner cell cap can be
observed [16]. Careful examination of 643
brood cells experimentally infested with one
living mite revealed that 69 (10.7 %) of the
cell caps showed clear signs that the worker
bees had opened and closed those cells at
least once during the 10 days of the investi-
gation without eliminating the brood.
Although the introduced mite could have
left the cell while it was opened, the mite
was missing in only 4 (5.8 %) of these cells
[17]. Video recordings by Boecking [12]
also confirmed that the removal of mite-
infested brood did not always involve a strict
behavioral sequence of detecting, uncap-
ping and then removing the parasitized
brood. In some cases, the cappings of the
mite-infested brood cells were opened by
the bees then sealed again after some time
(e.g. after 150 min). Later, these same cells
were uncapped again and the pupae were
then removed. In most cases, the mites did
not leave the brood cells until the bees had
already removed most of the larval/pupal
body. Individually marked bees were seen
repeatedly detecting and uncapping mite-
infested cells. Other bees repeatedly closed
such opened brood cells although the mites
were still present in these cells [12]. Using
infra-red video recordings Thakur et al. [128,
129] also observed a few individuals repeat-
edly uncapping and removing mite-infested
brood cells. These observations indicate that
some bees specialize in these different
behavioral traits. Early studies on hygienic
behavior suggested that hygienic bees were
genetic specialists; mixed groups of hygienic
and non-hygienic workers expressed the

hygienic phenotype only when the hygienic
worker subgroup was large enough to take
care of all the uncapping and removing tasks
[131]. Experimental colonies containing
groups of bees from different patrilines (n = 4)
uncapped more dead brood cells (killed by
freezing) compared to pure supersister
groups [63].

The expression of hygienic behavior is
known to be strongly influenced by envi-
ronmental factors. For example, weak
colonies, or a lack of incoming nectar have
been shown to reduce the removal response
to mite-infested and dead brood cells,
respectively [15, 79, 114, 117]. Early exper-
iments on hygienic behavior [130] con-
cluded that young hygienic bees will remove
all diseased brood regardless of nectar avail-
ability, but bees older than about 4 weeks
remove the larvae only during a nectar flow.
Recent experiments (Spivak, unpublished)
on two hygienic colonies composed of bees
of 11 different age cohorts (ranging from
3-33 days) indicated that the mean ages of
the bees that uncapped and removed freeze-
killed brood were 15 and 16 days, respec-
tively (n = 242 and 299 bees). The mean
ages of the foragers in the same colonies
were significantly older, 22 and 20 days,
respectively (n = 79 and 66 bees; -tests
P < 0.01). This experiment indicated that
hygienic bees are middle-aged; they have
brood-rearing experience but have not nec-
essarily begun foraging.

Recently Boecking and Drescher [17]
found the heritability value based on the
mother—daughter regression for the removal
of brood experimentally infested with one
living mite per cell was h?=0.18 + 0.27
(SD). The value for the removal of dead
brood (killed using the pin-killed brood
assay) was h? = 0.36 = 0.30. A statistical
analysis revealed that the repeatability of
the measurements was w = 0.24 (four test
repetitions, 97 colonies, 11 bee yards,
297 records) for the removal of mite-infested
brood, and w = 0.46 (six test repetitions,
114 colonies, 11 bee yards, 421 records) for






