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Summary &mdash; The proportion of damaged Varroa mites within the debris of honey bee colonies is dis-
cussed as a possible tolerance factor of the host. We investigated the rate of damaged Varroa females
in honey bee colonies with and without hatching brood. Additionally, in some colonies sealed brood
combs were treated by the use of heat or formic acid to kill the mites within the brood cells to quan-
tify the behaviour of the bees towards dead mites. In 17 experimental honey bee colonies (Apis mel-
lifera) at two different study sites, the debris was checked at 12-h intervals. Nearly 5 000 mites were
individually analyzed for three different types of damages. The percentage of damaged mites varied
on average from 44 to 63% depending on experimental conditions. No significant differences in the
damage rates of ’phoretic mites’ and ’brood mites’ could be found. Dead mites from the treated
brood combs were damaged to a slightly lesser extent. The significance of these results for the use of
the parameter ’damaged mites’ in selection programs is discussed.

Varroa jacobsoni / Apis mellifera / damaged mites / resistance

INTRODUCTION

The tolerance to Varroa jacobsoni Oude-
mans is a major concern in many honey bee

breeding programs. Unfortunately, the term
’Varroa tolerance’ describes a multifactorial

phenomenon of host adaptations which,
additionally, are influenced by environ-
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mental factors. All physiological,
behavioural and ecological traits of the host
bees that reduce the life span or the repro-
ductive success of the female mites could
act as ’tolerance factors’ (Fries et al, 1994).
Meanwhile, recent discussion of selecting
honey bees tolerant to Varroa has concen-
trated on three parameters: i) the control of
mite fertility by host factors (Ruttner et al,
1984; Rosenkranz et al, 1993; Rosenkranz
and Engels, 1994; Eguaras et al, 1994, 1995;
Anderson, 1994); ii) specific hygienic
behaviour performed by removal of mites
from infested brood cells (Boecking and
Drescher 1992); and iii) grooming of para-
sitized adult bees (Delfinado-Baker et al,
1992; Ruttner and Hänel, 1992). Such adap-
tations are also described from the original
host, Apis cerana in Asia and from the
Africanized Apis mellifera hybrids from
South America (Camazine, 1986; Büchler
et al, 1992; Boecking et al, 1993;
Rosenkranz et al, 1993; Moretto et al, 1993), 
the only well-documented cases of natural
and long-lasting Varroa tolerance in A mel-
lifera.

The examples of tolerance mentioned are
strongly correlated with a reduced Varroa
fertility in worker brood (Ritter and De Jong,
1984; Camazine, 1986; Rosenkranz et al,
1993; Rosenkranz and Engels, 1994). Nev-
ertheless, mite fertility is rarely used as a
selection criteria in honey bee breeding.
First, the variance of this factor within Euro-
pean honey bee races is remarkably low and,
second, it is difficult to quantify Varroa fer-
tility under practical breeding conditions.

It has been demonstrated that honey bees
are able to kill and injure Varroa females
(Ruttner and Hänel, 1992) and a certain pro-
portion of the mites falling from the bees
shows typical damage on legs and dorsal
shield. The grooming behaviour, expressed
as the proportion of damaged Varroa
females in the colony debris, has been
included in performance tests of A mellif-
era breeding strains (Moosbeckhofer, 1992;

Büchler, 1993; Wallner, 1994). However,
it is still unknown to what degree an
enhanced grooming behaviour contributes
to a balanced host-parasite relationship
(Fries et al, 1996) and how this behaviour
can be quantified properly.

It should be clarified what percentage of

damaged Varroa females found in the debris
were injured as vital living mites. Only this
proportion will really reduce the number of
reproductive female mites, in contrast to
damaging dead or ’half dead’ mites. It
should also be clarified whether there are
differences in the rate of damaged mites
between ’brood mites’ (mites which leave a
brood cell after reproduction) and ’phoretic
mites’ (mites on the body surface of the
adult bees). To answer these questions we
examined the debris in honey bee colonies
where the brood nests were manipulated
artificially to establish distinct periods with
and without hatching brood.

MATERIAL AND METHODS

The experiments were performed during July
1994 at Erlangen, Germany and during August
1994 on Gotland, a Swedish island in the Baltic
sea. Varroa infested honey bee colonies were
kept in ’Zander’ magazine hives (two boxes with
18 to 20 combs in total) with A m carnica (Erlan-
gen) and A m ligustica (Gotland). In spite of dif-
ferent infestation rates, we observed natural mite
downfall of at least four mites per day per colony
(see table I). At both apiaries the eight (Erlan-
gen) and nine (Gotland) experimental colonies
were divided into three groups. The colonies of
the first two groups were kept without hatching
brood (phoretic period). In a second step brood
combs were added that were untreated (first
group) or were previously treated either by heat
or by formic acid in the other group (to kill the
brood mites). In the third group the colonies
remained unmanaged during the first period (con-
trol) before treated brood was added. In detail, the
groups were prepared as follows.



Group I (’untreated brood’)

All queens were caged on ’trapping combs’ to
restrict egg laying to this single comb. Eighteen
days later, I day before the recording of mite
mortality and mite damage began, all brood
except the trapping combs were removed and
the queens released. Therefore, the capped brood
in these colonies was restricted to a single comb
and at the start of the recordings no hatching
brood was present. One day later (day 19) we
started recording the mites dropping from the
bees (see below) at 12-h intervals and, at the
same time, we also checked the ’trapping combs’
for hatching brood. When the first bees started to
hatch the colonies switched from the ’phoretic
phase’ (no hatching brood) to the ’brood phase’
(hatching brood present). After 1.5-4 days (see
below) the trapping combs were removed and
the colonies switched again to the ’phoretic
phase’. Thus, in this group we compared the
grooming behaviour of the bees towards phoretic
mites and brood mites.

Group 2 (’treated brood’)

The same procedure and time schedule as in
group 1 (untreated brood) were used except that
the trapping combs were treated at day 18 with-
out bees outside the colonies with heat (Erlan-
gen: Engels and Rosenkranz, 1992) or formic
acid (Gotland: Fries, 1991), respectively, to kill
all mites within the brood cells. From all treated
brood combs at least 30 Varroa infested brood
cells were analyzed for surviving mites. Not a

single live mite was discovered after the treat-
ments of the brood combs. Damages to the
treated brood could not be detected. After treat-

ment, all colonies received their own brood comb
in return. With this setup we wanted to quantify
the damage rate of dead brood mites released
during the hatching of the young bees.

Group 3 (’control’)

In this group the queens were not caged. Other-
wise the colonies were treated as described for

group 2 (treated brood). Therefore, bees from
untreated brood cells hatched over the whole

experimental period. Thus, we compared the con-
dition of an unmanaged colony with hatching
brood (control) to a situation with a surplus of
dead mites within the brood cells.

Recordings of mite mortality
and damages

The mites falling from the bees were analyzed
at 12-h intervals using full-sized bottom boards
with a net screen that prevented any contact
between the bees and the mites that dropped. The
duration of the collection periods varied in the
different experimental groups in order to obtain
a sufficient number of mites in the debris for sta-
tistical analysis (phoretic phases: 2-7 days; brood
phase: 1.5-4 days). The following details of the
mites in the debris were analyzed immediately
with a stereomicroscope (40-fold magnification):





&mdash; total number of Varroa females (dark and
lightly coloured adult mites);
&mdash; ratio of dead and live mites (all mites who
showed any kind of movement);

&mdash; percentage of damaged dead and damaged live
mites. Moreover, damaged mites were divided
into three classes:

class 1: injury to only one leg;
class 2: injury to several legs but dorsal shield
intact;
class 3: injury to the dorsal shield.

Additionally, from the live Varroa females
in the debris 28 mites were introduced into

freshly capped worker brood cells in an addi-
tional test colony. This brood comb remained
10 days in the colony and was analyzed after-
wards for Varroa reproduction.

RESULTS

The average daily number of mites falling
from the bees in the experimental colonies
ranged between 3.9 and 180.8. The lowest
number was recorded when no brood was

hatching (range: 3.9-19.2). After introduc-
tion of treated brood combs the daily num-
ber of fallen Varroa reached maximal values
between 70 and 180.8 (table I). In all
colonies the introduction of a brood comb

(treated or untreated) resulted in a significant
increase in falling mites (P < 0.05, &chi;2). This
means that after introduction of the brood
combs the ’brood mites’ represented a large
proportion of all Varroa mites in the debris.

In total, 3620 dead and 1005 living mites
in the debris were analyzed individually.
On average, 31% of the analyzed mites in
the debris were still alive (only colonies
without treated brood). During the phoretic
phases, without hatching brood, the dam-
age rates of dead mites ranged from 29.6 to
66.2%, during periods with hatching brood
from 33.6 to 85.0%. After addition of treated
brood combs (containing dead brood mites
only) the rate of damaged mites decreased
slightly to values between 29.6 and 56.5%
(table II). This demonstrates a considerable
variation in the damage rates between indi-

vidual colonies. There is a significant cor-
relation between the damage rates in dif-
ferent colonies before and after the intro-
duction of brood (r2 = 0.26; P = 0.04)
indicating individual differences in damag-
ing activities.

The average proportion of damaged dead
mites from the different colony conditions
are presented in figure la. Since there were
no statistical differences between the results
from Erlangen and Gotland (P = 0.43;
Wilcoxon rank sum test) the data were
pooled. Surprisingly, there were no signifi-
cant differences in the damage rate of
phoretic mites and brood mites. When a sur-
plus of dead brood mites was present in the
colonies (group 2 ’treated brood’ and group
3 ’control’) a small decrease in the damage
rate was detected, but the differences were
not significant (P = 0.4, &chi;2). Thus, the results
demonstrate an unexpectedly high propor-
tion of damaged mites in the debris, inde-
pendent of study site and brood condition
of the honey bee colony. Dead mites within
brood cells are obviously damaged to a
somewhat lesser, but still appreciable,
extent.

Mites in the debris that were still alive
were damaged to a lesser extent than dead
mites (figure 1b, table II) with values rank-
ing from 0 to 50% in individual colonies.
From the undamaged living mites we intro-
duced 28 Varroa females into freshly sealed
worker brood cells. After 10 days, we recov-
ered 17 mites: four of them were dead, six
with and seven without offspring. There-
fore, living mites that have fallen onto the
bottom board are, at least in part, still able to
reproduce.

Most damages concerned only the legs
of the Varroa mites (table III). On average,
about 25% of the damaged mites had only
one leg injured. This was mostly the first
leg, where often only the first section of the
leg was lacking. Damaging of legs occurred
in more than 75% of all damaged Varroa
mites; injuries to the body itself were rela-





tively rare. Differences in the distribution
of the damage classes in relation to the pres-
ence of brood in the bee colony were not
visible. In the pattern of damages we could
detect some differences depending on study
site and/or honey bee race. In the A m car-
nica colonies at Erlangen, the percentage
of body damage was remarkably higher than
in the A m ligustica colonies on Gotland
(table III). Within the damaged living mites,
in most cases only one leg was cut, and
injuries of classes 2 and 3 hardly occurred.

DISCUSSION

A Varroa specific grooming behaviour was
first described from the tolerant original host
A cerana (Peng et al, 1987). To a somewhat
lesser extent, similar behavioural patterns
were also observed in the non-tolerant sec-

ondary host, A mellifera (Büchler et al,
1992; Boecking et al, 1993; Moretto et al,
1993). Our results confirm that a large pro-
portion of the mites collected from the debris
show typical damages obviously caused by

the honey bees. Other insects such as ants or
waxmoths, which are also capable of injur-
ing Varroa mites (Szabo and Walker, 1995)
could not be detected in the experimental
colonies. Additionally, the short observa-
tion intervals of 12 h prevented damage by
occasional intruding predators and we could
sometimes detect typical imprints of the
honey bee mandibles on the mites as
described by Ruttner and Hänel (1992).
These sharp-edged damages could clearly
be distinguished from ’regular dimples’ of
the dorsal shield, which sometimes occur
in living mites and obviously are due to dis-
turbances during the nymphal development
(Lodesani et al, 1996).

The proportion of damaged mites was
suprisingly high in all experimental colonies.
If we consider dead and living mites in the
debris, an average of about 45% damaged
mites was recorded in the control colonies

(group 3 ’control’). This value is higher than
described by Moosbeckhofer (1992) from
observations of more than 100 A m carniea
colonies and fits in the range of colonies
which were ’preselected’ for distinctive



hygienic behaviour (Büchler, 1994; Wallner,
1994). Our rates of damaged mites show a
considerable variation between individual
colonies and between different recordings,
although this variation is lower than that
described by other authors (Moosbeckhofer,
1992; Boecking and Ritter, 1993; Büchler,
1994). One reason may be that we used in
general more than 30 mites that dropped
onto the bottom board over a period of sev-
eral days for the calculation of the damage
rates. Additionally, the use of honey bee
colonies that were widely standardized in
size may have reduced the variation.
Another source for variation is the presence
and amount of honey bee brood. It is known
that the number of mites falling onto the
bottom board is highly correlated with the
presence of brood (Fries et al, 1991; Liebig,
1994). Obviously, many of the Varroa
female mites that have reproduced within
the brood cells are in a stressed condition
and fall down onto the bottom board. There-

fore, one would expect a higher damage rate
of these brood mites. Surprisingly, we did
not detect any significant correlation
between the proportion of damaged mites
and the presence of hatching infested brood
within the colonies. Through our experi-
mental setup we created time periods with
and without hatching brood. The increas-
ing number of dropped mites after adding
the trapping combs indicates that during the
’period with hatching brood’ between 50
and 80% of the collected mites came out of
the introduced brood cells. Nevertheless,
the average rate of damaged mites remained
unchanged. This could mean that the rate
of damage is independent of the viability of
the Varroa females. This hypothesis seems
to be confirmed by the results from the intro-
duction of brood combs containing dead
mites only. After introduction of combs with
a great number of dead mites only a small,
and not significant, decrease in the average
rate of damages was detectable. This means
that only a part of the dead Varroa mites

removed from the brood cells are visibly
damaged by the bees.

The analysis of mites that were still alive
in the debris demonstrated that not only
weak or already dead mites are damaged.
About 30% of all recorded mites showed

signs of movements. Comparable propor-
tions were found in short interval records

by Boecking and Ritter ( 1993) in Tunesia.
As mites can not survive for long time peri-
ods apart from their host, the percentage of
living mites may depend mainly on the
observation interval. The living mites were,
at least in part, able to reproduce, which
demonstrates a certain level of viability.
Although the proportion of live damaged
mites in the debris was significantly lower
compared to dead mites, the results confirm
that the honey bees are able to injure vital
mites.

Probably, the reaction of the bees towards
the mites does not depend on the status of
the mites. This means that during the clean-
ing of dead mites out of empty cells and
during active removal of mites from sister
bees, only a certain proportion of the mites
are damaged by the mandibles of the bees.
The other mites may drop down because of
other movements or disturbance by the bees
or because of their own weakness.

What does this mean for the evaluation of
a Varroa specific ’grooming behaviour’?
First, by determining damage rates we do
not really measure active grooming
behaviour. The ’history’ of the mites in the
debris still remains unknown and it is vir-

tually impossible to calculate the propor-
tion of active damaged mites.

It is assumed that an effective and spe-
cific grooming behaviour contributes to host
tolerance (Delfinado-Baker et al, 1992).
However, all data that support this hypoth-
esis were obtained in experiments using
small observation hives (Peng et al, 1987;
Moretto et al, 1993, 1995). Some results
have, at least in part, been disproved (Cor-
rêa-Marques and De Jong, 1996; Fries et al,



1996) and long lasting observations in full-
sized colonies are still lacking or do not fit
the hypothesis. For example, the only well-
established example of Varroa tolerance in
A mellifera, described in the Africanized
honey bee in Brazil, does not show con-
spicious damage rates compared to non-tol-
erant honey bee races (Corrêa-Marques and
De Jong, 1996). In Europe attempts have
been made to correlate the proportion of
damaged mites in the debris and the size of
the Varroa population (Moosbeckhoofer,
1992). Although a negative correlation has
been found, these results require confirma-
tion. We believe that it is premature to
include the proportion of damaged mites in
breeding programs as a selection criteria
(Büchler, 1994) or to use it in commercial
offerings of ’selected’ queens (Wallner,
1994).
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Résumé &mdash; Les acariens Varroa mutilés
dans les débris des colonies d’abeilles

(Apis mellifera L) avec et sans couvain
naissant. Un comportement de toilettage
dirigé spécifiquement contre l’acarien Var-
roa jacobsoni Oudemans pourrait réduire
la population d’acariens dans une colonie
d’abeilles et donc agir comme facteur de
tolérance de l’hôte. La possibilité de quan-
tifier ce comportement de toilettage par la
proportion d’acariens mutilés présents dans
les débris de la ruche est controversée. Il est

important de savoir si ces acariens étaient
encore vivants au moment de leur mutila-
tion. Nous avons donc essayé de quantifier
le taux de mutilation de différents types
d’acariens.

Nous avons utilisé 17 colonies d’abeilles
situées dans des ruchers expérimentaux à

Erlangen (Allemagne) et sur l’île de Got-
land (Suède). En mettant les reines en cage
sur les rayons-piège durant un certain temps
nous avons pu créer des périodes succes-
sives avec et sans couvain naissant. En outre,
dans certaines colonies, des rayons-pièges
operculés ont été traités par la chaleur ou à
l’acide formique pour tuer les acariens pré-
sents dans les cellules de couvain. Les débris
ont été vérifiés toutes les 12 h et les mutila-
tions des pattes et du corps de tous les var-
roas femelles ont été analysés à la loupe
binoculaire. Nous avons pu ainsi comparer
les taux de mutilation des types d’acariens
suivants : acariens sur les abeilles (« aca-
riens phorétiques »), acariens dans les cel-
lules de couvain (« acariens du couvain »)
et acariens du couvain déjà morts.

Nous avons analysé 3 620 acariens morts
et 1 005 acariens encore vivants dans les
débris. La plupart des mutilations ne concer-
naient que les pattes (> 75 % des acariens

mutilés). Nous n’avons pas observé de muti-
lation spécifique aux différentes classes
d’acariens. Les taux de mutilation (toutes
mutilations comprises) ont varié grande-
ment d’une colonie à l’autre : de 30 à 66 %

pour les acariens phorétiques et de 34 à 85 %
pour les acariens du couvain. Dans
l’ensemble il n’y a pas de différence signi-
ficative entre le taux de mutilation des aca-
riens du couvain et celui des acariens pho-
rétiques (fig 1a). Les acariens du couvain
tués par le traitement n’étaient mutilés que
légèrement moins, ce qui est surprenant
(fig 1a). Les acariens encore vivants dans
les débris étaient mutilés dans une propor-
tion significativement plus faible (fig 1b).
Ils étaient encore, au moins en partie,
capables de se reproduire après introduc-
tion artificielle dans des cellules de couvain

(n = 28).

Nous avons pu confirmer que, dans des
colonies d’abeilles non sélectionnées, le taux
de mutilation pouvait être étonnamment haut
(> 50 %) et qu’il de dépendait pas de la pré-
sence ou non du couvain. Le taux élevé de



mutilations des acariens morts provenant
des cellules du couvain indique que les
abeilles ne mutilent pas que les acariens
vivants et capables de se reproduire. Il est
pratiquement impossible de calculer la pro-
portion d’acariens mutilés actifs et de la cor-
réler avec la taille réelle de la populations de
Varroa. Il semble donc prématuré d’incor-
porer cette analyse, coûteuse en temps, dans
les programmes de sélection.

Apis mellifera / Varroa jacobsoni / muti-
lation / résistance

Zusammenfassung &mdash; Beschädigte Mil-
ben im Gemüll von Honigbienenvölkern
(Apis mellifera L) mit und ohne schlüp-
fende Bienenbrut. Ein spezifisch gegen
Varroa gerichtetes Putzverhalten der Bie-
nen könnte die bestehende Milbenpopula-
tion in den Honigbienenvölkern mindern
und damit einen Toleranzfaktor des Wirts
darstellen. Es wird kontrovers diskutiert, ob
ein solches Putzverhalten anhand des Anteils

beschädigter Milben im Gemüll quantifi-
ziert werden kann. Hierbei ist eine wichtige
Frage, ob die beschädigten Milben zum Zeit-
punkt der Beschädigung lebendig und vital
waren. Wir haben daher versucht, die
Beschädigungsrate unterschiedlicher Mil-
bentypen zu bestimmen.

Wir untersuchten insgesamt 17 Bienen-
völker auf Bienenständen in Erlangen
(Deutschland) und Gotland (Schweden).
Durch zeitweises Sperren der Königinnen
auf Bannwaben erstellten wir aufeinander-

folgende Perioden mit und ohne schlüpfende
Brut. In einigen der Völker wurden zusätz-
lich alle Milben in den verdeckelten Zellen
durch eine Wabenbehandlung mit Hitze oder
mit Ameisensäure abgetötet. Das Gemüll in
den Völkern wurde alle 12 h untersucht und
alle gefundenen Milben mit einer Stereo-
lupe auf Beschädigungen der Beine und des
Körpers untersucht. Hierdurch konnten wir
die Beschädigungsraten von Milben von
adulten Bienen (’phoretische Milben’), von

Milben aus Brutzellen (’Brutmilben’), und
von bereits toten Brutmilben bestimmen.

Wir untersuchten insgesamt 3620 tote
Milben und 1 005 Milben, die im Gemüll
noch lebend gefunden wurden. Bei über
75% der beschädigten Milben waren nur die
Beine verletzt. Die Beschädigungen unter-
schieden sich nicht zwischen den Milben-

typen. Die Beschädigungsraten, bezogen
auf alle Beschädigungen, unterschieden sich
stark zwischen den verschiedenen Völkern

und betrugen 30 bis 66% für Bienenmilben
und 34 bis 85% für Brutmilben. Insgesamt
waren die Beschädigungsraten der phoreti-
schen Milben und der Brutmilben allerdings
nicht signifikant unterschiedlich (Fig 1a).
Überraschenderweise waren die Beschädi-
gungsraten der durch eine Behandlung
abgetöteten Milben leicht verringert (Fig 1a).
Die im Gemüll noch lebend gefundenen
Milben waren signifikant weniger oft
beschädigt (Fig 1b). Diese Milben waren
zumindest teilweise nach künstlichem Ein-

setzen in Brutzellen noch reproduktions-
fähig (N = 28).

Wir konnten bestätigen, da&szlig; auch in nicht

daraufhin selektierten Bienenvölkern die

Beschädigungsrate bemerkenswert hoch sein
kann (über 50%), und da&szlig; diese nicht vom

Brutstatus der Kolonien abhängig ist. Die
hohe Beschädigungsrate von bereits toten
Brutmilben zeigt, da&szlig; nicht nur vitale und

reproduktionsfähige Milben von den Bie-
nen verletzt werden. Es ist in bislang in kei-
ner Weise möglich, die Beschädigungsra-
ten aktiver Milben zu bestimmen und zur
Grö&szlig;e der Varroapopulation in Beziehung
zu setzen. Es erscheint daher übereilt, diese

zeitaufwendige Prozedur in Zuchtpro-
gramme aufzunehmen.

Varroa jacobsoni / Apis mellifera / beschä-
digte Milben / Resistenz
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