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Africanized honey beeg\pis melliferal..) are more efficient at removing
worker brood artificially infested with the parasitic mitarroa jacobsoni
Oudemans than are Italian bees or Italian/Africanized hybrids

José Carlos Vieira Guerra Jr.Lionel Segui Gongalvéand David De Jorig

Abstract

Africanized honey bees are more tolerant of infestations with thé/aritea jacobsonthan are honey bees of European origin. The
capacity of these bees to detect and react to brood infested with this mite could be one of the factors determiningadidielera
tested colonies of Africanized bees headed by queens from swarms collected in Ribeirdo Preto, Sdo Paulo State. Thediad colo
gueens imported directly from the USA, or from the Brazilian Island of Fernando de Noronha, where varroa-infested Itéisn colon
have been maintained, untreated, since 1984. Recently sealed worker brood cells were artificially infested by opertapgheycell
inserting live adult female mites and resealing the cells. Control cells were treated in the same way, but without imivitekiCling

ability of the Africanized honey bees to recognize and remove this artificially infested brood was compared with thygrefritsin
Italian/Africanized hybrid bees, and with the two groups of “pure” Italian bees, in three separate experiments. Africaniesd col
removed a mean of 51% of the infested brood, while Italian/Africanized hybrid colonies removed 25%. Africanized col@riesveddo r

a significantly greater proportion of infested brood than did Italian colonies, headed by queens from the USA (59 vse8ti¥é|yesp
Similarly, when Africanized colonies were compared with colonies of Italian bees from Fernando de Noronha, the formedwebe foun
significantly more efficient at removing infested brood (61 vs. 35%, respectively), even though the population of Italethisegiand

has been exposed to and survived varroa infestations (without treatment) for more than 12 years. Only the Africanized honey be
removed a significant proportion of varroa-infested brood, when the data was corrected for brood removal from control cells.

INTRODUCTION established in 1984 on Fernando de Noronha Island, near
Recife, Brazil. The colonies there suniXgacobsonpara-

In Brazil the mite parasitéarroa jacobsondoes not  sitism without the need for treatment, and infestation lev-
cause serious damage to apiculture (Shimaatuii,1991). els have steadily decreased (De Jong and Soares, 1997).
The infestations are so low, usually less than 3% of adultPossibly these Italian bees have some of the tolerance
worker bees infested, that no treatment is necessary. Inimechanisms we find in Africanized bees.
tially, when the mite was first discovered in many regions The original host o¥/. jacobsoniApis ceranacan
of this country in the early 1980s, infestations were con-selectively remove varroa-infested worker brood, and thus
siderably higher. So it appears that Africanized honey beegreatly reduce the reproduction of this mite (Pengj.,
have adapted to this mite (De Jong, 1997). The (Africanized)L987; Rath and Drescher, 1990; Rosenkedmt, 1993).
honey bees used commercially in Brazil are more resistanSimilar brood nest cleaning behaviors have also been
to varroa than are the European races or hybrids betweefound, to a lesser degree Apis mellifera(Boecking and
these two types of bees (Moreétbal, 1991b; Guerra Jr.  Drescher, 1991; Boeckirg al, 1992; Ruttner and Hanel,
and Gongalves, 1992). Climate is also an important factor1992). The removal of infested brood could limit the
In tropical and subtropical regions of South America, the growth of varroa populations in the colonies by mortality
varroa infestation levels are lower than in cooler regionsof immature mites, interruption of mite brood production
(De Jonget al, 1982, 1984; Morettet al, 1991b). and/or mortality of the original breeding females (Fries

Several apparent resistance factors have been foundt al.,, 1994). It is not known how the bees determine that
in honey bees. The reproductive rate of this mite is lower inbrood is infested, inside the wax-capped brood cells.
Africanized bees in Brazil than in European bees (Ritter andAcoustical signals may be involved (Boecking, 1994).

De Jong, 1984; Camazine, 1986; Issal, 1993). Afri- There is also evidence that hygienic bees are more respon-
canized bees also have a greater ability to remove the mitesive to olfactory signals associated with diseased brood
from their bodies (Morettet al, 1991a, 1993). (Mastermaret al, 1998). The high degree of tolerance of

Even though they cannot survive infestations by this Africanized bees in Brazil to varroa disease prompted us
mite in Europe and North America (De Jong, 1997), Italian to determine if they have an enhanced capability to remove
bees can survive varroa infestations under tropical condimite-infested brood, in comparison with European (Ital-
tions in Brazil. A small population of Italian colonies was ian) honey bees, and with Italian/Africanized hybrids.
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MATERIAL AND METHODS Table | - Proportion (number removed/number infested) of worker pupae
artificially infested withVarroa jacobsoniremoved by the bees in

. . . - Africanized (A) and Italian/Africanized hybrid (H) colonies.
Africanized bee colonies originated from natural @ yorid (H)

swarms were maintained in the university apiary in Africanized bees Italian/Africanized hybrids

Ribeirdo Preto, SP, Brazil. Observations were made on |

Africanized and hybrid Italian/Africanized colonies (N = Colony Colony

9, each) from May to Qctober 1991 and on Africanized 1A 28 1H o5

and “pure” Italian colonies (N = 6, each) from January to 2A 18 2H 7

May 1992. The bees were kept in standard Langstroth four- iﬁ 7% i: ;’g

frame nucleus colonies, containing three frames with BA 410 H 12

brood, honey and pollen, and an i_nternal feed_er supplied | ga 17/38 6H 11/20

occasionally with sugar syrup. Italian queens, instrumen- | 7A 22/31 7H 3/8

tally inseminated with Africanized drones, headed the hy- | 8A 8/15 8H 2/10
. . . %A 10115 oH 7115

brid colonies. The original queen mothers were from com-

mercial stocks imported from the USA. Imported queens Mean %t SD 51+21 25+17

headed the “pure” Italian colonies (also from the USA). A

third series of tests was made in 1997 with three African- SP = Standard deviation.

ized colonies, tested twice each, in comparison with three

Italian colonies, headed by queens from Fernando de

Noronha island, PE, Brazil (De Jong and Soares, 1997). Table Il - Proportion (number removed/number infested) of worker pupae
Sealed worker brood celsn the prepupal orlastlar- SISO RO

val phase were selected. Live adult female mites were re- ' ' o

moved from infested brood cells, maintained on worker (cells opened but no mites introduced).

pupae in an incubator at®4for 24-48 h, and then used in Africanized bees Italian bees
the experiment. A small opening in the edge of the cell Coton Coton

capping was made with an insect pin and a live mite intro- Y nested Control Y nfested Control
duced with the aid of a fine-tipped brush. A piece of cap-

ping from a neighboring brood cell was then removed with 10A 7110 310 1t 2/9 1710
a forceps and immediately pressed over the opening in 114 Zﬁ ‘Z‘jﬁ g:i gﬁé iﬁé
order to reseal the perforated brood cell. The control cells 13A 711 311 4t 5/12 2112
(in the second and third experiments) were treated in the 14A 6/11 411 5t. 411 412
same way, but without introducing a mite. The cells were 15A 713 413 6t 5/13 6/13
marked by placmg apinin 'Fhe brooq cellimmediately to Mean %: SD  50:8.9 20863 3501 22514
the right. Eight days after introduction the combs were

examined to determine if the artificially infested brood sbD = Standard deviation.
was differentially removed. Data analysis was done using
a median test( = 0.05; Daniel, 1978).

RESULTS AND DISCUSSION cells were corrected for the rate of removal of the con-
trol pupae in each colony (Table II), the resultant figures
In the first experiment, in 1991, the Africanized co- were also significantly greater for the Africanized bee
lonies removed the infested brood at about double the rateolonies compared to the Italian colonies. The Africanized
of the Italian/Africanized hybrids (Table I). The Africanized bees removed significantly more infested than control
bees were significantly more efficient than the hybrid Ital- pupae. However, in the Italian colonies, there was no sig-
ian/Africanized bees at removing the infested brood. nificant difference between the rates with which bees re-
In the comparison between Africanized colonies and moved infested vs. control pupae (P > 0.25).
Italian bees from the USA, the former removed a signifi- Africanized bees were also significantly more effi-
cantly greater proportion of infested brood than the lattercient at removing varroa-infested brood than the Italian
(Table I1). Thakur et al. (1997) found that Carniolan beesbees from Fernando de Noronha (Table IIl). Even though
in Germany removed 26-30% of varroa-infested workerthese Italian bees have survived varroa infestations on the
brood, which is similar to our findings for Italian bees island for many generations (De Jong and Soares, 1997),
(Table Il). The Africanized colonies in our experiment also they were significantly inferior in their capacity to react
removed a greater proportion of the control (opened, reto varroa-infested brood, when compared to Africanized
sealed, but not artificially infested) pupae, than did the Ital-honey bees, kept under the same conditions. The Africa-
ian colonies, though this difference was not significant. nized colonies also removed a greater proportion of the
When the rates at which bees removed pupae from infestedontrol (opened, resealed, but not artificially infested)
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Table lll - Proportion (number removed/number infested) of worker pupae com este acaro pode ser um dos fatores chaves que determina
artificially infested withVarroa jacobsonremoved in Africanized (A) esta tolerancia. Células de cria de operaria foram infestadas
bees vs. Italian bees from the Island of Fernando de Noronha (It. FN), artificialmente, abrindo o opérculo, inserindo acaros fémeas
Brazil, with respective controls (cells opened but no mites introduced). . ' . ' s

adultas vivas e selando as células. A habilidade das abelhas

Africanized bees Italian bees africanizadas de reconhecer e remover esta cria infestada
artificialmente foi comparada com a de abelhas hibridas italianas/
Colony Colony africanizadas e com dois grupos de abelhas italianas “puras”,
Infested  Control Infested Control em trés experimentos distintos. Rainhas italianas ja fecundadas
foram importadas dos EUA ou foram obtidas da ilha de Fernando
igﬁ fﬁg Zsulig i:; Em gﬁi gﬁg de Noronha,.BrasiI., onple abelhas italianas séo m_antidas desqle
17A 611 512  2ItEN 411 211 1984. Colmeias africanizadas removeram em media 51% da cria
17A 7/12 3/12 2It. FN 413 413 infestada, enquanto colmeias hibridas italianas/africanizadas
18A 7/10 411  3Iit.FN 3/10 2/10 removeram 25%. Colmeias africanizadas também removeram
18A 9/15 6/15 3It. FN 5/16 3/16 uma proporgao significativamente maior de cria infestada do que
colmeias “puras” italianas com rainhas dos EUA (59 vs. 31%,
Mean %t SD 61+7.0 35:6.2 35¢54 22914

respectivamente). Da mesma maneira, quando colmeias afri-
canizadas foram comparadas com colmeias de abelhas italianas
da ilha de Fernando de Noronha, as africanizadas foram
significativamente mais eficientes na remogéo de cria infestada
(61 vs. 35%, respectivamente), apesar de que a populagdo de
. ) . o abelhas italianas desta ilha foi exposta a varroa e elas sobre-
pupae, than did the Italian colonies, though this differenceyjyeram sem tratamento durante mais de 12 anos. Somente as
was not significant (Table IIl). When the rates at which apelhas afficanizadas removeram uma proporcao significante da
bees removed pupae from infested cells were correctedria infestada cory. jacobsonj quando os dados foram corri-
for the rate of removal of the control pupae, the resultantgidos pela taxa de remogé&o da cria das células controles.
figures were also significantly greater for the Africanized
bee colonies (26%), compared to the Italian colonies REFERENCES
(12%). The Africanized bees removed significantly more
infested than control pupae. In the Italian colonies, thereBoecking, 0.(1994). The removal behavior Apis melliferal.. towards
was no significant difference between the rates with which ~ Mite-infested brood cells as a defense mechanism against the ecto-
. parasitic miteVarroa jacobsoniOud. Ph.D. thesis, Rheinische-
bees removed infested vs. control pupae (P > 0.20). Friedrich-Wilhelms-Universitat, Bonn.
The Africanized colonies were able to selectively re- Boecking, O.andDrescher, W.(1991). Response @ipis melliferacolo-

move brood infested witll. jacobsonj and were signifi- nie_s infested With/arroajacobsonDud.Apidol(_)gie225 237-241.
cantly more efficient at this task than the Italian colonies B°€cking, O, Rath, WandDrescher, W.(1992) Apis melliferaremoves

. . . . . Varroa jacobsonifrom sealed brood cells in the tropiésn. Bee J.
and the ltalian/Africanized hybrid colonies, kept underthe 135 735.734.
same conditions. Moreover, only the Africanized honey beescamazine, S(1986). Differential reproduction of the mitarroajacobsoni
removed a significant percentage of varroa-infested brood, (Mesostigmata: Varroidae) on Africanized and European honey bees

_ (Hymenoptera: Apidaepnn. Entomol. Soc. Ari9: 801-803.
when the data was corrected for brood removal from con Corréa-Marques, M.H. andDe Jong, D.(1998). Uncapping of worker bee

trol cells (ope_ngd an(_j resealed, WithOl_Jt introducing mites).  prood, a component of the hygienic behavior of Africanized honey
Increased efficiency in the removal of infested brood could  bees against the mitéarroa jacobsoniOudemansApidologie 29
be one of the mechanisms which has permitted Africanized ~ 283-289.

S . L : _Daniel, W.W. (1978).Applied Nonparametric Statistiagsoughton Mifflin
honey bee colonies in Brazil to maintain low, stable infes- "/ o "e 00000 503,

tation rates without interference by the beekeepers (D&e jong, D.(1997). Mites: Varroa and other parasites of broodHtmey

Jong, 1997, Corréa-Marques and De Jong, 1998). Bee Pests, Predators, and Diseagk®rse, R.A. and Flottum, K.,
eds.). 3rd edn. Root Publishing, Medina, OH, pp. 279-327.

De Jong, DandSoares, A.E.E(1997). An isolated population of Italian
bees that has survivedarroa jacobsoniinfestation without treat-
ment for over 12 yearém. Bee J137. 742-745.

The authors thank Dr. Ademilson E.E. Soares and Dr. ReginaDe Jong, D., Morse, R.AandEickwort, G.C. (1982). Mite pests of honey

B.R. de Almeida for making the artificial inseminations, and Luis beesAnn. Rev. Entomol. 2229-252.

Aguiar for technical assistance. Beekeepers from the USA and® Jond, D., Gongalves, L.SandMorse, R.A. (1984). Dependence on

Fernando de Noronha, PE, Brazil, donated the Italian queens‘Friecllmate of the virulence d&farroa jacobsoniBee Worldb5: 117-121.

o s, |., Camazine, SandSneyd, J(1994). Population dynamics\#rroa
Research supported by CNPq and CAPES. Publication supported jacobsoni a model and a revieBee World75; 5-28.

by FAPESP. Guerra, Jr., J.C. andGongalves, L.S5(1992). Estudo da resisténcia de
abelhas africanizadas, italianas hibridas F1 e hibridas F2 (retrocru-
RESUMO zamentos) a infestagdo pelo ac¥esroa jacobsoniOud. Anais do
Primeiro Encontro Brasileiro de Biologia de Abelhas e outros Insetos
. . N . .. N Sociais.Ribeirdo Preto, SP, NaturaljgNumero EspecialEditora
Abelhas africanizadas s&o mais tolerantes a infestagdo com yNESP, Sao Paulo, Brasil, p. 158.
0 4carovarroa jacobsondo que abelhas de origem européia. A Issa, M.R.C., De Jong, DandGoncalves, L.S(1993). Reproductive strat-
capacidade destas abelhas de detectar e reagir a cria infestada egies of the mit¥arroa jacobson{Mesostigmata, Varroidae): Influ-

SD = Standard deviation.

ACKNOWLEDGMENTS



92 Guerra Jet al.

ence of larva type and comb cell size on honey bee brood infestationRath, W. andDrescher, W.(1990). Response #fpis cerand-abr. towards

ratesRev. Bras. Genet6: 219-224. brood infested withvarroa jacobsoniOud. and infestation rate of
Masterman, R., Mesce, K.A., Smith, B.HandSpivak, M. (1998). Odor colonies in ThailandApidologie21: 311-321.

discrimination by hygienic honey bees using proboscis-extension con-Ritter, W. andDe Jong, D(1984). Reproduction &arroajacobsoniO. in

ditioning.Am. Bee J138 297-298. Europe, the Middle East and tropical South AmericaAngew.
Moretto, G., Gongalves, L.SandDe Jong, D(1991a). Africanized bees are Entomol 98: 55-57.

more efficient at removinyarroa jacobsont Preliminary dataAm. Rosenkranz, P., Tewarson, N.C., Singh, AndEngels, W.(1993). Differ-

Bee J131 434. ential hygienic behaviour towardfarroajacobsoniin capped worker
Moretto, G., Goncalves, L.S., De Jong, @ndBichuette, M.Z.(1991b). The brood ofApisceranadepends on alien scent adhering to the mites.

effects of climate and bee race\@arroajacobsoniOud. infestations Apic.Res32: 89-93.

in Brazil. Apidologie22: 197-203. Ruttner, F. andHéanel, H. (1992). Active defense against Varroa mites in a
Moretto, G., Gongalves, L.SandDe Jong, D(1993). Heritability of Afri- carniolan strain of honey bedgis mellifera carnicaPolmann).

canized and European honey bee defensive behavior against the mite  Apidologie23: 173-187.

Varroajacobsoni A criterion for resistance selection programeyv. Shimanuki, H., Knox, D.andDe Jong, D(1991). Bee diseases, parasites

Bras. Genetl6: 71-77. and pests. Ififhe African Honey Bg&pivak, M., Fletcher, D.J.C. and
Peng, Y.-S.C., Fang, Y., Xu, S., Ge, ndNasr, M.E. (1987). Response of Breed, M.D., eds.). Westview Press, Boulder, CO, pp. 283-296.

foster Asian honey bedé\fis ceranaFabr.) colonies to the brood of  Thakur, R.K., Bienefeld, K. andKeller, R. (1997). Varroa defense behavior

European honey bee&gis melliferal.) infested with the parasitic in Apis mellifera carnicaAm. Bee J137: 143-148.

mite, Varroa jacobsoniOudemansJ. Invertebr. Pathol49: 259-
264. (Received August 21, 1999)



