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A comparison of the hygienic response of Africanized and European
(Apis mellifera carnica) honey bees to Varroa-infested brood in tropical Brazil
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Abstract

Inorder to examinethesignificance of hygienic behavior for thetoleranceto varroosis of Africanized honey bees, they werecompared with
non-tolerant Carniolansintropical Brazil. Capped worker brood cellswereartificially infested with living Varroa mites, and inspected
somedaysl|ater. Uncapping, disappearance of theintroduced miteand removal of the pupawererecorded inatotal of manipulated 3,096
cellsduring three summer seasons. The hygienic response varied between Africanized and Carniolan colonies, but thisdifferencewas
significant only in oneyear, during which Africani zed honey beesremoved asignificantly greater proportion of Varroa mitesthan European
honey bees. A high proportion of the mites disappeared from artificially infested brood cell swithout damageto the pupae. The opening of
thecell and theremoval of the bee brood areindependent traits of agraded response by adult workerstowards mite-infested brood cells.
Wefound a higher between-colony variation in the reaction towards Varroa-infested brood of Africanized honey bees compared to
Carniolans. The overall similar response of the two bee typesindicates that hygienic behavior isnot akey factor in the tolerance to

varroosisof Africanized beesin Brazil.

INTRODUCTION

The Africanized honey bee of Brazil (DeJongetal.,
1984; Moretto et al., 1991; Rosenkranz, 1999) is one of
the few examples of long-term tolerance to varroosisin
Apismellifera (Boecking and Ritter, 1993; Guzman-Novoa
etal., 1999; Rosenkranz, 1999). Although no treatment is
carried out by Brazilian beekeepers, neither colony losses
nor economic impact are recorded. Thelow rate of infes-
tation in managed colonies has remained stable or even
decreased during the past 20 years (Moretto et al., 1991;
DeJong 1996). Thereason for this phenomenon, probably
resulting from natural selectionintheimmensefera popu-
Iation from which beekeepersregularly trap swarms, istill
unresolved. Of the variousfactorsthat have been proposed,
only the high percentage of infertile mites observed in
Africanized worker brood (Rosenkranz and Engels, 1994;
Rosenkranz, 1999) can beregarded akey factor for thisrela
tively balanced host-parasite relationship. Observationsin
the original host, Apis cerana, suggest that itstoleranceto
Varroaisin part due to mechanismsof behavioral defense
like grooming and removal of infested brood (Rosenkranz
etal., 1993; Boecking and Spivak, 1999; Rath, 1999). Simi-
lar reactions have a so been assumed for Africanized honey
bees, reactions which have been considered less well ex-
pressed in non-Varroa-tolerant European honey bees
(Guzman-Novoaet al., 1999; Guerraet al., 2000).

Hygienic behavior has been the topic of anumber of
recent studieson host defensein honey bees (Spivak, 1996;
Spivak and Downey, 1998; Boecking and Spivak, 1999).

Among the host behavioral factorswhich could influence
the population dynamics of Varroa mites, the removal of
infested brood would most clearly interrupt reproduction
of the parasite. The heritability of the infested brood re-
moval reaction iswell documented (Rothenbuhler, 1964;
Moretto et al., 1993; Boecking and Drescher, 1998). Sev-
eral assays have been described to quantify the hygienic
response of a colony, among which the pin test and the
freeze-killing method are widely used as an indication of
the willingness of a colony to remove infested brood
(Gramachoet al., 1997, 1999; Boecking and Spivak, 1999).
These devel opments have made hygienic behavior afavor-
ite topic of programsto breed Varroa-tolerant strains of
European honey bees (Boecking and Drescher, 1998; Spivak
and Gilliam, 1998; Spivak and Reuter, 1998).

The suggested correlation between hygienic perfor-
mance and reduction in parasite|oad needsto be provenin
long-term studies. To quantify theremova response of honey
bee coloniesunder defined conditionsrequiresartificial in-
festation of single brood cellswith femal e mites of defined
origin. The testing of varroosis tolerant and susceptible
honey bee strains should be done during the brood season
in side-by-side experiments, using strong and normally
breeding colonies. Because so far only afew experiments
under such well-defined comparative conditions have been
carried out with Africanized honey bees (Corréa-Marques
and De Jong, 1998; Guzman-Novoaet al., 1999), we stud-
ied the hygienic response of colonies at asite in tropical
Brazil acrossthree summer seasons, using local Africanized
honey bees and non-tolerant Carniolan colonies.
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MATERIAL AND METHODS
Study site, beesand mites

Experimentswere performed during the summer sea-
sons, December to February, of 1995t0 1998 inthe apiary
of the Department of Genetics, University of Sdo Pauloin
Ribeirdo Preto, Brazil. We used eight colonies each of
Africanized and Carniolan beesin Langstroth hives con-
taining three to five brood combs. Mated queens of Apis
mellifera carnica were imported from the University of
Hohenheim, Germany. All the colonieswereinfested with
Varroa jacobsoni mites of local Brazilian origin. These
miteshave not caused any colony lossesamongst local Afri-
canized honey bees during more than 20 years (De Jong,
1996). The Carniolans are non-tolerant to varroosis under
temperate climatic conditions in Germany. Within eight
weeks of introduction of the Carniolan beesto Brazil, we
recorded infestation rates of the worker brood of 40-50%.
Therefore, the Carniolan colonies suffered from high Var-
roainfestations and an insufficient adaptation to thetropi-
cal environmental conditions and had to be re-established
every year using freshly imported queens.

Experimental design

For artificial infestation, caps of sealed worker brood
cellsabout 24 h after cell sealing were opened at one edge
using sol vent-washed forceps. Femal e phoretic miteswere
carefully introduced into the cell on thetip of asterilized
needle. During the first year, mites of three different ori-
gins (same colony, Africanized and Carniolan colonies,
respectively) were used to test the effect of foreign odor.
Thecellswereresealed by using adrop of warmwax. Con-
trol cells were sham-manipulated without insertion of a
mite. Twenty to 80 cells randomly selected in the center
of a brood comb were treated in sequence. Immediately
after handling, the combswerereplacedinto their original
colonies. Three dayslater, and in some experiments only
seven days later, the treated cells were inspected. Cells
were marked and identified by use of atransparent plastic
sheet. From three to five replicates were run per test se-
ries. A total of 1,362 artificially infested brood cells and
1,734 control cellswere evaluated.

Test evaluation

After the scheduled time of incubation (three or
seven days), we distinguished the following conditions
of the manipulated brood cells: untouched, cell cap me-
rely opened (‘ cell cap opened'), introduced mite removed
but brood still present and resealed (* only introduced mite
removed"), brood completely or partially removed (‘ brood
removed'). Every seemingly untouched sealed brood cell
was carefully examined to verify the presence of thein-
troduced mite.

Dataanalysis

Differences between years and coloniesin the pro-
portion of cells to which bees responded were analyzed
using achi-square test of homogeneity. Astheresultsre-
vedl ed heterogeneity between yearsin the Africanized colo-
nies, cross-table chi-squaretestsfor every year were used
to compare differences between beetypesin their behav-
ioral responses. The same stati stic was used to analyze the
effect of the origin of the mitesand the hygienic reactions
after three and seven days. All statistical tests were per-
formed using the software modules of Statistica (StatSoft,
1994) and Microstat (Ecosoft, 1984).

RESULTS
Origin of theintroduced mites

Hyqgienic response wasindependent of the origin of
the Varroa mites (P> 0.1). Therefore, the data of mites of
different origin were pooled.

Time course of hygienic reactions

Therewasno differenceintheresponseto artificially
infested brood cellsin both Africanized and Carniolan colo-
nies between the three- and seven-day inspections (y? =
0.34, P=0.56 for Africanized bees; x*>=0.25, P=0.63for
Carniolans). In the control cells (see below), higher per-
centages of brood were removed after seven days; how-
ever, theseremova ratesremained at levelsbel ow 5% (Fig-
urel).
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Figure 1 - Hygienic behavior of Africanized and Carniolan honey bees
three and seven days after manipulation, respectively (N = number of
manipulated brood cells). There was no significant increasein responseto
brood cellsartificially infested with live mites between the 3rd and the 7th
day (x2=0.34, P=0.56 for Africanized bees; 2= 0.25, P=0.63for Carniolans).
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Treatment effects

The experimental manipul ation of the capped brood
cells(contral: cell cap manipulated but no miteintroduced)
did in one case (Figure 2, 1996) release higher brood re-
moval ratesin Africanized honey bees than in European
honey bees (?=5.4, P=0.03). However, in all treatments,
the percentage of brood cellsto which beesresponded was
below 8%.

Comparison of Carniolan and Africanized
coloniesin different years

For thisanalysisall behavioral components (see be-
low) were summarized. Theyear by year comparisonsre-
vealed significant differencesin the hygienic response be-
tween beetypesonly for thefirst year (x2=5.2, P=0.03;
Figure 2). Inthefollowing two years no statistical differ-
ences between bee types in their response to mites were
detected (%2 = 0.92 and 0.99, respectively; P = 0.34 and
0.32, respectively; Figure 2).

Different components of hygienic behavior

We analyzed the elements of hygienic behavior by
recording ‘ cell cap opened’, ‘ only introduced mite removed
and* brood removed’ (Figure3). Invery few cellswasmerely
the cap manipulated or removed by the bees. The mitewas
missing and the cell had again been properly sealed by the
beesin about onethird of the artificially infested cells. In
a minor fraction of cases, cells were found completely
emptied, thus showing thefull removal response. Both bee
types performed the different traits of the hygienic behav-
ior in similar proportions.

DISCUSSION
Importance of the experimental set up

We used artificial infestation of capped brood cells
to evaluate the degree of Varroa-specific hygienic behav-
ior in honey beecolonies. Thismethod iswidely used, even
though the mani pulation of the brood cellsmay elicit higher
removal rates compared to naturally invaded brood cells
(Boecking and Spivak, 1999). For artificia infestation, we
only used brood cells containing an early prepupato pre-
vent thelarvafrom spinning acocoon around theintroduced
mite. The bees responded towards infested brood cells
within arelatively short period. Maximal rates of manipu-
lation were already recorded after three days. A longer ex-
posure did not significantly increase hygienic response.
Thisresult confirms previous observationsthat bees usu-
ally react to Varroa-infested brood cellswithin afew days
following infestation (Bér and Rosenkranz, 1992; Boecking
et al., 1992; Moretto et al., 1993; Guerra et al., 2000).
Others (Vandame, 1996; Corréa-Marques and De Jong,

1998; Boot et al., 1999), however, described maximal rates
of removal only after four to seven days. Possibly thisdis-
parity is dueto secondary virusinfectionstransmitted by
the mitewhich only provide strong stimuli for removal re-
actionssevera daysafter infection of thelarvae (Boecking
and Spivak, 1999).

Only moderate differencesin hygienic behavior
between varroosi s-tolerant Africanized
bees and non-tolerant Carniolans

Comparative dataon hygienic behavior in honey bees
of different strain or origin arerare (Boecking and Ritter,
1993; Moretto et al., 1993; Guzman-Novoaet al., 1999;
Guerraet al., 2000). Our study represents one of thefirst
long-term surveys of tolerant and susceptible colonies
which were kept side by side. In more than 1,300 artifi-
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Figure 2 - Hygienic reactions of Africanized and Carniolan honey beesin
different years (N = number of manipulated brood cells). Africanized honey
bees responded to a significantly higher percentage of cells artificialy
infested with live mitesonly in 1995 (y?= 5.2, P=0.03) and of control cells
in1996 (y2=5.4, P=0.03).
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Figure 3 - Components of hygienic behavior in Africanized and Carniolan
colonies (for summarized results see Figure 2). Mite removal is the pre-
dominant response to artificially mite-infested brood cells in both bee
types.
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cially manipulated brood cells studied during three years,
we could detect significant differencesin response of bee
types only in one year. The hygienic response in the
Carniolan colonieswasuniform over thethree-year period.
Inthe Africanized colonies, therewas higher between-year
variation amongst colonies. Our datafor Africanized bees
areintherange of those of Guerraet al. (2000) at the same
study site. However, our European Carniolan colonies had
clearly more effective hygienic behavior compared to the
A. melliferaligustica bees used in that experiment.

Removal rates between 30 and 40%, as recorded in
our experiments, may, in general, limit the growth of the
Varroa population within a colony. But our susceptible
Carniolan bees demonstrate impressively that thistraitis
not sufficient to prevent damage and coll apse of the honey
bee colony. From our data we cannot eval uate the contri-
bution of hygienic behavior of Africanized beesto their
well-known tolerance to Varroa. However, our dataindi-
cate that hygienic behavior is not the main factor for the
differential varroosistolerance of the Brazilian Africanized
honey bee compared with A. mellifera carnica. Our results
fromtropical Brazil do not excludethat, at other locations,
hygienic behavior may contribute moreto the differential
level of Varroa tolerance. Recent studies in Mexico
(Vandame, 1996; Guzman-Novoaet al., 1999) reveded a
four-fold higher rate of removal of Varroa-infested cells
by Africanized honey bees compared to European colonies.
However, acomparison with our resultsisdifficult because
Vandame (1996) examined removal ratesin naturally in-
fested brood combsand used exuvial skinsand fecesof the
mites as criteria for documenting former invasion by a
Varroafemale.

Different components of Varroa-
specific hygienic behavior

In generd, hygienic behavior is described as uncap-
ping and removal of dead, diseased or parasitized brood
(Boecking and Spivak, 1999). Varroa-specific hygienicre-
actions seem to be more complex and include repeated un-
capping and resealing of infested brood cells (Bar and
Rosenkranz, 1992; Rosenkranz et al., 1993; Boecking and
Spivak, 1999; Boot et al., 1999). This may arise from the
participation of several worker beeswhich may be special-
izedindifferent hygienictasks(Boecking and Spivak, 1999).

The uncapping of brood cells represents the initial
step in hygienic behavior (Corréa-Marques and De Jong,
1998). Subsequently different optionswill lead to anin-
terruption of the reproductive cycle of the parasite: the mite
could escape from the uncapped brood cell, the mite could
beremoved by the beeswithout harming the pupa, and also
the brood could be removed. In our experiments, wefound
asurprisingly high percentage of artificially infested brood
cellswithintact pupabut without amite, and far fewer cells
with removed brood. In total, the percentage of infested
brood cellswhich were subject to hygienic behavior never

exceeded 40% on averageif all components of the behav-
ior are included. No Africanized honey bee-specific en-
hanced performancein hygienic behavior could be detected.

Our results are within the range of responses pub-
lished in previous studies (Bér and Rosenkranz, 1992);
however, sometimes fewer mite-only removalsand more
removed pupae were recorded in these other studies (re-
viewed in Boecking and Spivak, 1999). The reasonsfor
thisdiscrepancy are unclear; probably, the brood removal
rates of already-opened cells in other studies were de-
pendent on secondary microbial infections. Cells contain-
ing adiseased pupawill not be reseal ed by the bees after
taking out the mite. Thispeculiarity of miteremoval with-
out harming the healthy pupathat we recorded should be
seriously considered in further research. For instance, by
using freeze- or pin-killed brood, this mode of hygienic
behavior isnot seen.

Ishygienic behavior apromising candidate
in selection for varroosis tol erance?

Themechanisms of Varroa-specific hygienic behav-
ior and the effect of thistrait withinthe multifactorial phe-
nomenon of varroosis tolerance requires more research.
In comparative studies, several crucial conditionshaveto
be considered, aswe have pointed out here. Present knowl-
edge of the reasons for a balanced parasite host relation-
ship between Africanized honey bees and Varroa, which
may result from variousfeatures of both partners, suggests
ahighly complex system of interactions. To reveal more
meaningful detailsisapromising challengein studies of
both the original host, A. cerana, and tolerant strains of
the new host, A. mellifera. Rothenbuhler (1964) demon-
strated that hygienic behavior resulted in American foul-
brood tolerance. However, presently we haveto conclude
that this trait is not the major reason for the differential
toleranceto varroosis of the Africanized honey beein Bra-
zil. Undoubtedly acertain percentage of Varroafemalesin
the reproductive phase are eliminated by hygienic behav-
ior. Taking into account the high percentage of infertile
Varroafemalesin theworker brood of Africanized honey
bees (Rosenkranz and Engel's, 1994) only asmall propor-
tion of the original invaded miteswill perform asuccess-
ful reproduction. However, the lack of tolerance in our
Carniolan beesisnot becausethey do not perform hygienic
behavior. The only dlight differencein efficacy of thistrait
between tolerant Africanized and non-tolerant Carniolan
colonies showsthat other factorslacking in Carniolan bees
must contribute to the pronounced varroosis tol erance of
Africanized honey beesin the Neotropics.
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RESUMO

Comointuito de examinar o significado do comportamento
higiénico natoleranciaavarroose de abel has africanizadas, elas
foram comparadas com as ndo tol erantes Carnicasno Brasi| tropi-
cal. Cdulasdecriade operédriasoperculadasforam artificiamente
infestadas com &caros Varroavivos e inspecionadas algunsdias
depois. Desopercul ago, desaparecimento dos &carosintroduzidos
e remocdo da pupaforam anotados em um total de 3096 células
mani puladas durantetrésverdes. A respostahigiénicavariou entre
as col 6nias africani zadas e de Carnicas, mas esta diferencafoi
significante apenas em um ano, durante o qual asabelhas africa-
nizadas removeram uma propor¢ao significantemente maior de
acaros Varroague as abel has européias. Umagrande porporgdo
de &caros desapareceram dascél ulas das crias artificia menteinfes-
tadas, sem danos as pupas. A aberturada célulae remocéo das
crias das abel has sfo caracteristicasindependentes de umares-
postagraduada por parte de operérias adultas com relagdo acé-
lulasdecriasinfestadas por acaros. Nésencontramosumavariaggo
maior entre coldnias nareagdo de abelhas africanizadas a cria
infestadapor Varroa, quando comparadas aabelhas Céarnicas. A
respostagera mente similar dos doistiposde abelhasindicaqueo
comportamento higiénico ndo é um fator importante natoleréncia
avarroose de abel has africanizadasno Brasil.
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