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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 

Beekeeping with Apis mellifera L. bees is 
• endangered worldwide by the ectoparasitic 

mite Varroa jacobsoni Oud. [22, 71]. 

Phoretic mites infest new colonies by attach­
ing to drifting and robbing bees. The mite 
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 uL 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 
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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; f-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 h2 = 0.18 ± 0.27 
(SD). The value for the removal of dead 
brood (killed using the pin-killed brood 
assay) was h2 = 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 
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the removal of dead brood. These values 
emphasize that environmental effects 
strongly affect the expression of the hygienic 
behavior in the experimental bee popula­
tions used. Moreover, the results demon­
strate that the rate of removal of mite-
infested or dead brood within a particular 
colony even under the same environmental 
conditions is not always consistent between 
assays [54, 103, 115]. Quantitative genetic 
studies on hygienic behavior using a labo­
ratory bioassay also showed only moderate 
estimates for genetic variance, with h2 = 
0.14 for uncapping and h2 = 0.02 for remov­
ing dead brood [73]. In contrast, Harbo and 
Harris [50] calculated the heritability of 
hygienic behavior, based on the removal of 
freeze-killed brood, to be h2 = 0.65 ± 0.61. 

There is a positive correlation between 
the rate of removal of mite-infested brood 
and dead brood (freeze-killed or pin-killed). 
Colonies pre-selected for high hygienic 
behavior on the basis of the freeze-killed 
brood assay [115], removed significantly 
more brood cells experimentally infested 
with mites compared to colonies selected 
for low hygienic behavior [114, 119]. 

Honey bees are able to detect even a sin­
gle cell containing an abnormal, dead or dis­
eased larva or pupa within a healthy brood 
nest [36, 112]. Mechanical and chemical 
stimuli, including brood pheromones, enable 
bees to recognize and distinguish healthy 
brood within a colony [60, 78]. However, 
it is not known how the bees determine that 
a particular larva or pupa is dead or infested 
with a mite under a wax-capped brood cell. 
Ritter and Boecking (unpublished data) 
found the removal of brood experimentally 
infested with mites that transferred or trig­
gered a secondary infection of acute paral­
ysis virus (APV) was higher (on average 
56.7 %) compared to brood infested with 
mites collected from sources without viruses 
(on average 12.2 %). The signals that enable 
the bees to detect mite-infested live brood 
might be different from the signals used to 
detect brood that has been killed by diseases 
or viruses. 

Preliminary experiments indicated that 
in contrast to dead mites (frozen, washed in 
alcohol or collected from hive debris) and 
other introduced, non-living particles (tinfoil 
globules, eucalyptus seeds, filter paper), 
only live mites in brood cells elicit a removal 
response by the bees. Cells infested with 
more than one mite elicit a stronger removal 
response than cells infested with one mite 
[16, 114]. Rosenkranz et al. [106] demon­
strated that the removal of mites by A. cer-
ana depends on the alien scent adhering to 
the mite, which is not the case for A. mel-
lifera [3, 16]. These results imply that the 
odor of the mites itself is probably not an 
important cue to A. mellifera. 

It is not clear what cues bees use to detect 
a brood cell infested with a mite. It has been 
hypothesized that bees may use acoustical 
signals to detect infested brood [112]; how­
ever, checking for movements released 
through the capping of brood cells contain­
ing live, dead (pin-killed) or mite-infested 
pupae using a laser interferometer could not 
support this hypothesis (Kirchner and 
Boecking, unpublished data). Gramacho et 
al. [46, 47] showed that the average body 
temperature of dead pupae (pin-killed) inside 
the brood cell under brood chamber condi­
tions was significantly lower (0.3-0.7 °C) 
than the temperature of live pupae. How­
ever, the use of an infra-red thermographic 
system, which allowed a continuous mea­
surement of capped brood combs without 
physical contact, revealed no differences in 
temperatures released through the capping of 
brood cells containing live, dead (pin-killed) 
and mite-infested pupae (B. Gorgens, 
unpublished data). Since the temperature 
above the sealed cell should be perceived 
by worker bees, these data imply that dif­
ferences in temperature inside the brood cell 
might not be the cue bees use to detect dead 
brood. 

Pupae treated with hemolymph or body 
fluid seem to be a strong stimulus for the 
bees to open cells and to remove the treated 
pupae. Even colonies pre-selected as non-
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hygienic can be induced to express hygienic 
behavior using hemolymph or body fluid 
([115], Gorgens, unpublished data; Grama-
cho, pers. comm.). Bees may use olfactory 
cues to detect diseased or parasitized brood 
in the nest. Preliminary field and laboratory 
experiments, using proboscis-extension 
reflex (PER) conditioning (see methods in 
Bitterman [10]) indicated that individual 
bees collected from a colony selected for 
hygienic behavior have lower response 
thresholds than bees collected from a non-
hygienic colony to olfactory stimuli asso­
ciated with chalkbrood-killed pupae [70]. 
These results suggest that the differences 
between individual hygienic and non-
hygienic bees lie in their responsiveness to 
olfactory stimuli associated with diseased 
brood. However, no published research has 
revealed the exact nature of the cues that 
enable hygienic bees to detect mite-infested 
brood cells. 

Mite removal behavior may theoretically 
limit the population growth of V. jacobsoni 
in three ways [38]: first, immature mites 
which have begun to develop in brood cells 
are killed, decreasing the average number 
of offspring per mother mite. Second, 
removal of female mites extends the phoretic 
period of those mites which survive the 
removal process. Third, mite removal 
increases the mortality of mother mites. 

Experiments on the effects of removal 
behavior on the survivorship of single mites 
[11, 12, 15] revealed that most of the adult 
female mites that escaped the brood cells 
after removal of the infested brood could 
invade other brood cells again. In one exper­
iment 104 individually color-marked mites 
escaped from brood cells during the removal 
of infested brood by the bees; 61.3 % of 
these mites invaded new brood cells, and 
14.6 % became phoretic on adult bees; 
24.6 % were found on the hive bottom board 
and 10.9 % of those were killed by the bees. 

The overall effect of hygienic behavior on 
population growth of the mites within a 
colony is still unknown. However, Spivak 

and Reuter [120, 121] demonstrated that 
colonies bred for hygienic behavior (based 
on rate of removal of freeze-killed brood) 
had fewer mites than commercial colonies 
not selected for the behavior after 1 year 
without mite treatment. The same colonies 
also had lower incidences of chalkbrood and 
AFB, and produced more honey than the 
commercial colonies. These results demon­
strate the benefits of selecting bee colonies 
for hygienic behavior. 

4.2. Grooming behavior 

Grooming of phoretic mites by A. mel-
lifera is not as pronounced as it is in A. cer-
ana. This difference was first pointed out 
by Peng et al. [91 ] and later confirmed by 
other researchers [18, 25, 28, 39, 53, 81, 83, 
84, 87, 96, 107, 109, 135]. It is evident that 
A. mellifera bees are able to kill mites dur­
ing grooming activities, since damaged 
mites still showing movement were found in 
the debris on the bottom board of the 
colonies [13, 15,48, 53, 107, 108]. In these 
studies, care was taken to ensure that no 
other insect or scavenger could enter the 
hive debris to cause the mite damage. The 
main type of damage to the mite caused by 
successful grooming is amputation or muti­
lation of one or more legs. Injuries to the 
mites' idiosoma or gnathosoma are rela­
tively rare [67, 107]. Using video-technique, 
A. mellifera bees can sometimes be observed 
grabbing and crushing mites in their 
mandibles. As on A. cerana, the mite 
chooses distinct attachment sites on the bod­
ies of A. mellifera at the 3rd and 4th ven­
trolateral tergites of the abdomen, and have 
a significant preference for the left side of 
the host, which may demonstrate an adap­
tation of the mite to grooming [15, 18, 20, 
33, 96, 98]. 

Using infra-red video recordings Thakur 
et al. [128, 129] confirmed that bees used 
active grooming defenses against the mites 
including grabbing and crushing mites in 
their mandibles. They observed a few indi-
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viduals performing repeated grooming activ­
ities. General studies of grooming behavior 
(independent of its effect on mites) have 
shown that some bees in A. mellifera are 
grooming specialists; the behavior is genet­
ically determined and age specific [31, 40, 
62,93, 133]. Moore et al. [80] observed one 
highly specialized grooming honey bee as it 
aged from 4-31 days. This bee groomed other 
bees 84 % of the time she was observed, and 
never developed into a forager. 

It is not known how the bees that groom 
detect mites on the bee body. Observation of 
behavioral patterns of groomers (Boecking, 
pers. obs. of A. cerana and A. mellifera) 
indicate that they begin to allo-groom other 
infested adults after they perceive the 
grooming dance. Occasionally bees were 
observed grooming one bee after another in 
rapid succession. During grooming, the 
receiving bees hold their wings perpendic­
ular to the body axis and the grooming bees 
work on those body parts that can not be 
reached by auto-grooming. However, the 
mites are not necessarily located in the 
places where the bee grooms. Mites have 
been observed to leave the bee while the 
bee was still being allo-groomed, indicat­
ing that the groomers may not be able to 
detect the mite itself (Boecking, pers. obs.). 

Grooming behavior is thought to be a 
heritable trait. Fl colonies bred from 
colonies that demonstrated high or low mite 
grooming ability showed the same ability 
as their parent colony [84, 85]. Neverthe­
less, precise heritability estimates have not 
been calculated for this trait. As with 
hygienic behavior, the expression of groom­
ing behavior is known to be strongly influ­
enced by environmental factors [69]. Moos-
beckhofer [82] observed low numbers of 
damaged mites in March (11%) but signif­
icantly higher numbers in June (42 %) in 
the same colonies. Consequently, the pro­
portion of damaged mites within a particu­
lar colony, even under the same environ­
mental conditions, is not always consistent 
between collections. 

The grooming potential of a colony can 
be measured by counting the number of live 
and damaged mites that drop from mite-
infested bees onto protected sheets (inserts) 
placed under the brood nest. Observing adult 
bees that have been inoculated with mites 
in observation hives provides information 
about the behavioral patterns of groomers 
and infested bees, but is not a good mea­
sure of the overall grooming ability of the 
colony. Data from cage experiments and 
from laboratory bioassays can reveal that a 
particular genetic line or race of bee reacts 
more strongly to mites (shaking and biting 
the mites) compared to others bees, but it 
is difficult to correlate these data with the 
behavior of a whole colony [3, 53, 54, 125]. 
Investigations by Rosenkranz et al. [107] 
showed that the number of damaged mites 
can reach relatively high numbers even in 
colonies that had not been pre-selected for 
this behavioral trait. Mites were collected 
from protected inserts every 12 h over 
12 days in eight A. m. carnica colonies. 
Approximately 46 % of the dead mites 
(n = 3917) and approximately 11 % of the 
live mites (n = 889) on the inserts were dam­
aged. A portion of the live undamaged mites 
that fell onto the bottom board were able to 
reproduce after they were subsequently 
introduced into freshly capped brood cells. 

Although counting the number of dam­
aged mites on an insert within the colonies 
indicates the grooming potential of the 
colony, the mites may have been damaged 
by means other than grooming. Mites that 
are already dead may be damaged secon­
darily, and immature mites might be dam­
aged during the removal of infested brood 
(hygienic behavior). Wax moth larvae may 
also damage mites [124]. In addition, the 
number of mites falling onto the bottom 
board is highly correlated with the presence 
and stage of brood [37, 65]. Lobb and Mar­
tin [66] found a strong correlation between 
levels of falling mites and the emergence 
of brood. It was estimated that around half of 
the falling mites originated from mites that 
died within the sealed cell; the other half 
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died shortly after bee emergence. The num­
ber of mites falling from worker brood was 
two to three times higher than from drone 
brood. Damaged mites that originated from 
the emerging brood should not be attributed 
to the grooming potential of a bee colony, 
although it is difficult to distinguish between 
the two. 

Boecking and Drescher [17] compared 
the number of damaged mites found on the 
bottom boards to the estimated mite popu­
lation that was phoretic on adult bees. In 
113 colonies containing no brood, the aver­
age percentage of damaged mites captured 
on the inserts on three successive days was 
21.5, 15.6 and 11.7 %. In total, 337 mites 
were captured. In contrast, 84 136 mites 
were collected after a chemical treatment 
of the bees following the last mite collec­
tion, averaging 744.6 mites/colony (range 
91-2 157 mites/colony). The treatment with 
an effective acaricide gave an estimate of 
the mite population that was phoretic on the 
bees during this investigation. Comparing 
the number of damaged mites that dropped 
onto the bottom boards to the number of 
mites phoretic on the bees, the relative fre­
quency of damaged mites in these colonies 
on the 3 days was 0.08, 0.06 and 0.03 %. 

It is still controversial whether the num­
ber of damaged mites on the bottom board is 
a useful criterion for successful grooming 
behavior. Because the percentage of dam­
aged mites may vary widely from colony to 
colony and because of the difficulties in 
measuring successful grooming, it is not 
clear if grooming behavior is an effective 
mechanism of defense against mites [8, 9, 
65, 107, 125]. Nevertheless, model simula­
tions showed that control of the mite popu­
lation depends on the frequency and effi­
ciency of the bees' ability to groom and that 
a moderate increase in the mite death rate 
could theoretically help a bee population 
become genetically resistant to parasitism 
by V. jacobsoni [68]. 

5. CONSIDERATIONS 
AND UNRESOLVED QUESTIONS 

Promoting natural resistance to V. jacob­
soni through selection and breeding is in its 
infancy today. Despite the extensive research 
on grooming and hygienic behaviors, it is 
still unclear to what extent they are effec­
tive mechanisms of defense against the 
mites. It is commonly thought that bees that 
vigorously shake and bite the mites are the 
most efficient groomers. However, this dis­
turbance by the bees may cause the mites 
to invade brood cells more readily. This pos­
sibility remains to be tested. Likewise, it is 
thought that colonies that rapidly uncap and 
remove diseased and parasitized brood are 
more resistant to diseases and mites. It has 
been shown that the spread of infective dis­
eases is minimized if hygienic bees remove 
the diseased brood before the causative 
organism reaches its infectious sporulating 
stage [139]. However, Spivak and Gilliam 
[117] considered the possibility that non-
hygienic behavior in honey bees could ben­
efit a colony. If bees leave diseased brood 
under a capped cell, they may avoid con­
tact with the pathogens in the cell. It is not 
clear if non-hygienic bees actively avoid 
diseased brood, or if they do not respond to 
it. Bees from pre-selected non-hygienic 
colonies tended to recap partially uncapped 
cells that contained freeze-killed brood 
[117]. A. mellifera bees also recapped mite-
infested brood cells that had been previously 
uncapped by other bees [12]. In A. cerana, 
this non-removal behavior is much more 
marked (Boecking, unpublished data); they 
uncap and remove worker brood cells 
infested with V. jacobsoni, but tend not to 
remove drone brood infested with multiple 
mites or with bacteria disease. The bees 
close the pore of the drone cell cap with 
wax from the outside. The non-removal of 
infested drone brood and closure of the cen­
tral pore by the workers isolates the mites 
and infectious diseased cells in the brood 
nest. 
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When A. mellifera does remove mite-
infested brood, it is not clear at what point 
the bees should perform this behavior to 
most effectively limit the population growth 
of V. jacobsoni. To negatively affect the 
potential average number of offspring per 
mother mite, removal should begin after the 
foundress has laid her full clutch of eggs in 
the brood cell. At this point, the bees would 
destroy the offspring during removal of the 
pupae, and the foundress would have to 
enter the phoretic stage again before she 
could invade a new brood cell. In highly 
infested colonies, it may not be advanta­
geous for the bees to remove all mite-
infested worker brood, which could sub­
stantially reduce the adult population of the 
colony. 

Hygienic behavior of honey bees may be 
a generalized adaptation for cell reuse and 
thus, may present a conflict between risking 
infection by removing diseased brood and 
the need to clear out comb space for the queen 
to lay eggs [117]. A. cerana can use another 
strategy to avoid mites; they tend to abscond 
from the nest when under high disease or 
parasite pressure. Predators (such as wax 
moths) then destroy the abandoned combs, 
ridding them of the infectious material. 

Lines of A. mellifera demonstrate differ­
ent degrees of susceptibility to V. jacobsoni 
[24, 26, 27, 32, 48, 51, 90]. When colonies 
are initiated with equal numbers of mites, 
the most resistant colonies can be identified 
as those that have the fewest mites at the 
end of the test period [8, 25, 51, 90]. How­
ever, numerical data on just the population 
growth or decline of the mites during the 
experimental period do not yield information 
on the mechanisms that influenced these 
trends. In breeding bees for mite resistance, 
it is critical to determine the exact nature of 
the traits that confer resistance, and to ensure 
they are measurable and heritable (e.g. [49, 
50,51]). 

The main genetic parameters which influ­
ences the bees ' expression of hygienic 
behavior are maternal and heterotic effects 

which dominate additive gene effects [54]. 
In contrast, grooming behavior is mainly 
influenced by additive gene effects, such 
that a combination of specific maternal and 
paternal bee lines is necessary for the breed­
ing of mite-resistant stock. Such a combi­
nation that favors hygienic behavior will 
not likewise favor grooming ability and vice 
versa [54]. It has been documented that 
colonies that show a high degree of removal 
of mite-infested brood are not necessarily 
better groomers [114]. 

High genetic variability and heterosis do 
not seem to enhance resistance to V. jacob­
soni, although these factors do increase 
colony productivity [41, 88]. In a 2-year 
hybrid queen breeding program, character­
istics related to disease resistance and in 
particular to resistance to V. jacobsoni 
(infestation level, duration of the postcap-
ping brood phase, hygienic behavior and 
number of damaged mites), line-mixed 
colonies showed a consistently lower per­
formance compared to the separate lines. 
This result is contrary to the theoretical 
expectation of enhanced resistance to dis­
eases with increased genetic variation 
between workers [41]. 

In conclusion, bee breeding strategies for 
increased resistance to V. jacobsoni should 
be based on knowledge of the mechanisms 
of resistance, their potential for decreasing 
mite population growth, and their mode of 
inheritance. At the same time, the ability of 
the mite to adapt to changes in their host 
should be taken into consideration. 
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Resume - Les comportements de defense 
des abeilles melliferes contre Varroa 
jacobsoni. Les abeilles melliferes presen-
tent deux types de comportements qui sont 
des mecanismes de defense contre les mala­
dies du couvain et les acariens parasites. 
Des etudes ont montre que des colonies 
d''Apis mellifera L. eliminaient du nid le 
couvain d'ouvrieres infeste par l'acarien 
Varroa jacobsoni (comportement hygie-
nique) et debarassaient les abeilles adultes 
des acariens (comportement de toilettage), 
mais dans une moindre mesure que l'hote 
&'origins, Apis cerana Fabr. En Allemagne 
des colonies d'A. m. carnica (n - 76), non 
pre-selectionnees pour le comportement 
hygienique, ont elimine en moyenne 23,5 % 
(± 18,2 %) du couvain infeste experimen-
talement avec un acarien par cellule. Aux 
Etats-Unis des colonies d'A.ra. ligustica 
selectionnees pour leur comportement hygie­
nique (28 colonies au total, 1994-1997) ont 
elimine en moyenne 52,1 % (± 25.6 %) des 
nymphes infestees experimentalement contre 
17,4 % (± 14,7 %) chez les colonies non 
selectionnees (19 colonies, 1994-1997). Les 
observations concernant 1'elimination par 
A. m. carnica du couvain infeste montrent 
que certaines abeilles peuvent desoperculer 
et d'autres refermer l'opercule de cire sur 
des cellules de couvain infestees avant que 
le couvain ne soit finalement desopercule 
et elimine ou, dans certains cas, laisse tel 
quel. Des observations preliminaires indi-
quent une certaine specialisation des abeilles 
pour ces taches. La plupart des fondatrices 
d'acariens peuvent s'echapper au cours du 
processus d'elimination du couvain et enva-
hir a nouveau d'autres cellules ou devenir 
phoretiques sur des abeilles adultes ; un petit 
pourcentage peut etre mutile par les abeilles 
lors du toilettage. Les acariens immatures 
qui ont commence a se developper sont tues 
pendant le processus d'elimination du cou­
vain, ce qui contribue a diminuer le nombre 
moyen de descendants par acarien femelle. 
L'heritabilite de l'elimination du couvain 
infeste a ete estimee a h2 = 0,18 (± 0,27) 
chez A. m. carnica ; ceci montre que l'envi-

ronnement agit fortement sur l'expression 
de ce comportement. 
On ne sait pas quels signaux utilisent les 
abeilles pour detecter le couvain infeste par 
V. jacobsoni. On a emis l'hypothese que les 
abeilles hygieniques avaient un seuil de 
reponse plus bas que les abeilles non hygie­
niques aux signaux olfactifs associes au cou­
vain parasite (ou anormal pour une autre 
raison). 
A. mellifera n'a pas un comportement de 
toilettage aussi marque qu'A. cerana. 
L'observation d'abeilles engagees dans le 
toilettage suggere qu'elles sont peut-etre 
incapables de detecter l'acarien proprement 
dit sur le corps de l'abeille qu'elles toilettent, 
puisqu'on a observe des abeilles toiletter 
alors qu'il n'y avait pas d'acariens et qu'on 
a vu des acariens quitter l'abeille pendant 
le toilettage. L'heritabilite du comportement 
de toilettage n'a pas ete estime. On pense 
pourtant que son expression est controlee 
par des effets additifs de genes et qu'il est 
fortement influence, comme le comporte­
ment hygienique, par les conditions du 
milieu. Le potentiel de toilettage est gene-
ralement mesure en denombrant les acariens 
morts et mutiles tombes sur des feuilles col-
lantes placees sous le nid a couvain. Pourtant 
des acariens mutiles ne sont pas toujours le 
resultat d'un toilettage efficace. Des aca­
riens morts (dans les cellules de couvain 
d'ouvrieres ou sur les adultes) peuvent avoir 
ete mutiles dans un second temps et les larves 
de fausse-teigne, les fourmis ou d'autres 
necrophages sont capables d'infliger des 
mutilations aux acariens. 
En comparant le nombre d'acariens muti­
les au nombre d'acariens phoretiques dans 
113 colonies, on a trouve une frequence rela­
tive d'acariens mutiles inferieure a 0,09 %. 
On ne sait pas si le nombre d'acariens muti­
les trouves sur le plancher est un critere utile 
pour evaluer l'efficacite du comportement de 
toilettage. 
L'influence globale des comportement 
hygienique et de toilettage sur la limitation 
de la croissance de la population et la survie 
des acariens dans les colonies d'A. melli-
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fera reste incertaine. Au cours du toilettage 
les acariens sont secoues vigoureusement 
et mordus. On n'a pas teste si cela facilitait 
l'envahissement d'autres cellules par les 
acariens. Selectionner des colonies pour le 
comportmeent hygienique diminue la loque 
americaine et le couvain platre et peut aider 
a limiter les populations d'acariens. Mais 
les couts et les benefices de 1'elimination 
du couvain parasite et malade (comporte-
ment hygienique) par rapport au maintien 
de ce couvain dans des cellules operculees 
(comportement non hygienique) n'ont pas 
ete totalement explores. Lorsqu'on selec-
tionne des abeilles pour la resistance aux 
acariens, il est fondamental de determiner 
la nature exacte des caracteres qui confe-
rent la resistance et de s'assurer qu'ils sont 
mesurables et heritables. © Inra/DIB/AGIB/ 
Elsevier, Paris 

Apis mellifera / Apis cerana I Varroa 
jacobsoni I comportement hygienique / 
comportement de toilettage / resistance / 
tolerance 

Zusammenfassung - Abwehrverhalten 
von Honigbienen gegen Varroa jacobsoni 
Oud. Honigbienen besitzen zwei verschie-
dene Verhaltensweisen zur Abwehr von 
Brutkrankheiten und parasitischen Milben, 
das hygienische Verhalten und das Putz-
verhalten. Untersuchungen haben gezeigt, 
daP Volker von Apis mellifera mit Varroa 
jacobsoni befallene Arbeiterinnenbrut aus 
dem Brutnest (hygienisches Verhalten) und 
Milben von anderen Bienenarbeiterinnen 
entfernen konnen. Allerdings erfolgt dies in 
weit geringerem Ausma(3 als bei dem 
Ursprungswirt von V. jacobsoni, A. cerana. 
Nicht vorselektierte Volker von A. m. car-
nica (n = 76) in Deuschland entfernten im 
Mittel 23.5 % (± 18.2) von mit jeweils einer 
Milbe kiinstlich infizierten Brutzellen. 
Dahingegen entfernten in den USA auf 
hygienisches Verhalten selektierte Volker 
von A. m. ligustica im Mittel 52.1 % 
(± 25.6 %, insgesamt 28 Volker; 1994-1997) 
der experimentell infizierten Puppen. Im 

Vergleich hierzu entfernten die auf gerin-
ges hygienische Verhalten selektierten Vol­
ker 17.4 % (± 14.7; 19 Volker, 1994-1997). 
Beobachtungen der Entfernung von milben-
infizierter Brut durch A. m carnica deuten 
darauf hin, dap1 nach Offnung des Deckels 
der infizierten Zellen durch einige der Arbei-
terinnen andere ihn wieder schlie(3en kon­
nen, bevor die Brutzelle endgultig entdeckelt 
und die Brut entfernt wird oder sie in einigen 
Fallen auch intakt gelassen wird. Einige 
Beobachtungen deuten weiter auf einen 
gewissen Grad von Spezialisierungen der 
Arbeiterinnen fur diese Aufgaben hin. Die 
meisten Milbenweibchen konnen wahrend 
des Entdeckelungsvorganges entkommen 
und wieder in andere Zellen eindringen oder 
auf Bienenarbeiterinnen aufsitzen; ein gerin-
ger Prozentsatz wird durch das Putzverhal-
ten der Bienen verletzt. Unausgewachsene 
Milbennachkommen werden wahrend des 
Entfernens der Brut getotet, hierdurch ver-
mindert sich die mittlere Anzahl von Nach-
kommen pro Milbenweibchen. Die Erb-
lichkeit des Entfernens von befallener Brut 
bei A. m. carnica betragt h? = 10.18 (± 0.27). 
Dies zeigt an, dap die Auspragung dieses 
Verhaltens stark durch Umgebungsfakto-
ren beeinflupt wird (aber siehe Harbo [51]). 
Es ist nicht bekannt, auf Grund welcher 
Anzeichen die Bienen mit V. jacobsoni 
befallene Brutzellen entdecken. Es wird 
allerdings die Hypothese vertreten, dap 
hygienische Bienen eine verringerte 
Ansprechschwelle fur die mit parasitierter 
oder anderswie unnormaler Brut zusam-
menhangenden geruchlichen Reize haben. 
Das Putzverhalten ist bei A. mellifera nicht 
so ausgepragt wie bei A. cerana. Da beob-
achtet wurde, daP sie auch an Stellen putzen, 
an denen keine Milbe vorhanden war, oder 
daP die Milben wahrend des Putzens die 
geputzte Biene verlassen konnten, wird 
angenommen, daP die Bienen die Milben 
auf dem Korper der von ihnen geputzten 
Biene nicht direkt wahrnehmen konnen. Die 
Heritabilitat fur das Putzverhalten wurde 
bisher nicht bestimmt, man kann aber anneh-
men, daP dieses wie das hygienische Ver­
halten durch additive Geneffekte bestimmt 
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und stark durch Umgebungsfaktoren beein-
flu(3t wird. Das Putzpotential wird iibli-
cherweise durch Auszahlen von verletzten 
Milben auf klebrigen Bodeneinlagen in den 
Bienenbeuten bestimmt. Allerdings miissen 
verletzte Milben nicht immer das Ergebnis 
von erfolgreichem Putzverhalten sein. Es 
konnen auch Milben, die in Brutzellen oder 
auf Arbeiterinnen bereits zuvor gestorben 
waren, erst spater verletzt worden sein. 
Zusatzlich konnen auch Wachsmottenlar-
ven, Ameisen und andere Aasfresser die 
Milben nachtraglich verletzen. In einem 
Vergleich von verletzten Milben und der 
Anzahl von Milben auf den Arbeiterinnen 
betrug der Anted verletzter Milben weni-
ger als 0.09 %. Es ist daher nicht klar, ob 
der Anteil verletzter Milben auf Bodenein­
lagen zur Bestimmung eines erfolgreichen 
Putzverhalten geeignet ist. Es bleibt wei-
terhin unklar, welchen Gesamtbeitrag das 
hygienische Verhalten und das Putzverhal­
ten zu einer Begrenzung des Populations-
wachstums der Milben in Volkern von 
A. mellifera leisten konnen. Es wurde bisher 
nicht untersucht, ob das heftige Bei(3en und 
Schutteln wahrend des Putzverhaltens die 
Milben dazu bewegt kann, eher die Brut­
zellen zu befallen. Die Zucht von Bienen-
volkern auf verstarktes hygienisches Ver­
halten kann den Schaden durch Ameri-
kanische Faulbrut und Kalkbrut mindern, 
und es kann helfen die Milbenpopulation 
zu verringern. Allerdings wurden Nutzen 
und Kosten der Entfernung parasitierter oder 
erkrankter Brut (hygienisches Verhalten) 
gegeniiber dem Belassen dieser Brut unter 
dem Zelldeckel (nicht-hygienisches Ver­
halten) bislang nicht vollstandig aufgeklart. 
In der Zucht von milbenresistenten Bienen 
ist es von grundlegender Bedeutung, die 
Natur der verantwortlichen Verhaltenswei-
sen aufzuklaren und sicherzustellen, da(3 
diese me(3bar und erblich sind. © Inra/DIB/ 
AGIB/Elsevier, Paris 

Apis mellifera I Apis cerana I Varroa 
jacobsoni I hygienisches Verhalten / 
Putzverhalten / Resistenz / Toleranz 
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