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SUMMARY

Simultancous choice tests proved that Varroa jacobsoni is able to distinguish housc bees and foragers
by means of the age-dependent Nasonov pheromone production of the bees.

The secretion of one or 10 Nasonov glands. respectively, of foragers showed a repellent effect upon
the mite equal to one or 10 bee cquivalents, respectively, of geraniol, the main componcnt of the
phcromone.

Onc hundred bee cquivalents of geraniol caused the strongest repellent cffect.
Specimen gathered from 3 to 7 day old housc bees did not show any influcnce on the mite in
comparison to controls.

The results show that Varroa jacobsoni is capable of olfactorial recognition of house bees as idcal
host.

INTRODUCTION

Varroa jacobsoni is not found in equal quantities on bees of any age. In
comparison to old house bees and foragers, young nurse bees are more
frequently parasited (GroBov, 1977 ; Kraus et al, 1986 ; Rirrer, 1981 ;
ToscHKOFF et al., 1979). Apart from the frequency of being parasited there is
also a difference in the location of mites on bees of different ages. In
comparison to older bees, Varroa jacobsoni resides more frequently beneath
the distal segments of the abdomen in young bees. In contrast, a higher
percentage of mites is found between the thorax and abdomen in older bees.

Kraus et al. (1986) speculate that the mite can distinguish the age of bees
by means of semiochemicals. The Nasonov pheronome is an odorous substance
whose secretion depends on the age of the bees (BocH and SHEARER, 1963 ;
PickerT et al., 1981).
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We report the results of an investigation showing whether Varroa jacob-
soni is able to distinguish the age of bees by means of the Nasonov
pheromone and whether its main component, geraniol, is responsible.

MATERIALS AND METHODS

In order to determine the attractant or repellent effect of the Nasonov secretion and geraniol,
simultaneous choice tests were made in the autumn of 1987. For these tests acrylic glass tubes were used
having a length of 20 cm and a diameter of 4 cm (Fig. 1). One end of the tubes was closed with a
miteproof wirenetting (width of meshes : 0.25 mm), the other end with parafilm. A filter paper
(@ 5 mm) was pressed onto the center of the parafilm. The filter paper contained either the substance to
be tested or the control solvent acetone.
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Fic. 1. — Experimental Design

A = Attractant field, R = Repellent ficld, parafilm with filter paper and test substance (P), funnel
for mite entry (F), mite proof wircnetting (W).

ABB. 1. — Versuchaufbau

A = Attractant-Feld, R = Repellent-Feld, Parafilm mit Filterpapier und Testsubstanz (P), Trichter
zum Einfiillen der Milben (F), Milbendichtes Drahtgewcebe (W),

For each replicate of the test about 30 Varroa mites (range : 25-32), collected from housc bees were
placed in the center of the tube divided into two scctions. During the tests, the glass tube utilized was
stored in a dark room at 20 °C. Thirty minutes later, the distribution of the mites in thc tube was
determined. The sector in front of the substance was defined as the attractant ficld, the one opposite to
it as the repellent ficld. The percentage of mites which frequented the repellent field was calculated and
the results were studied statistically against controls, by means of the U-test.

In order to extract the Nasonov sccretion the Nasonov glands were wiped with filter paper (@ 5 mm)
and then the paper was pressed upon the parafilm (RENNER, 1960). The sccrction was taken from becs
(Apis mellifera carnica Pollmann) either caught at the hive entrance or from 3-7 day old bees which
emerged in an incubator and were kept at 25 °C. The amount secreted by onc or 10 bees was examined.

Since absorption of the substance from 10 bees takes rclatively long, a portion of the volatile
ingredient may cvaporatc. To avoid this, the substances of only 3 or 4 bees were put onto filter paper
and fixed upon the parafilm at onc time. The receptacle was then inverted onto the parafilm until the
next sample was applicd so that the pheromone could cvaporate only into the tubc.
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The effect of 3 different quantitics of geraniol was tested : 0.1, 0.01 and 0.001 pl geraniol (Carl
Roth KG, 98 %) were dissolved in 10 pl acetone and applicd to the filter paper. After evaporation of
the solvent, the paper was pressed upon the parafilm and used in the test tube. In the control tests,
10 pl acetone were put upon the filter paper and, after cvaporation, fixed in the same way.

RESULTS AND DISCUSSION

In controls with the solvent acetone in 22 tests an average of 54 % of the
mites were found in the repellent field (Tabl. 1). There was no significant
difference to the equal distribution expected. As a consequence, the procedure
proved to be suitable in demonstrating the influences of olfactory substances
on the behavior of Varroa mites.

In the choice test more mites could be found in the repellent field when
Nasonov secretion of one forager was used (57 %) ; the difference, however,
was not significant (z = 1.3). The difference was significant with the portions
taken from 10 foragers (76 %, z = 2.8, P < 0.01). Therefore, the Nasonov
secretion obtained from foragers has a strong repellent effect on Varroa mites.
The Nasonov pheromone consists of 43 % geraniol (Pickerr et al., 1980). The
secretion of one forager contains approximately 0.001 pl geraniol.

Using the quantity of geraniol equivalent to the secretion of one bee, an
average of 61 % of the mites could be found in the repellent field ; the
difference, however, was not significant (z = 1.4). In contrast, the average of
72 % of the mites using 10 bee equivalents and 79 % using 100 bee equiva-
lents, were significant (Fig. 2). Consequently, both the Nasonov pheromone

TasL. 1. — Distribution of Varroa mites in tests of simultaneous choice
Average number of mites in the repellent field expressed in percentage (X %), standard devia-
tion(s),
number of trials (N), number of tested mites (n), statistical examination against control (P)

TasL. 1. — Verteilung von Varroamilben im Simultanwahlversuch.
Durchschnittliche Anzahl der Milben im Repellentfeld in Prozent (x %), Standartabweichung(s),
Anzahl der Versuche (N), Gesamtzahl der Milben (n), Statistische Auswertung
gegen die Kontrollversuche (P)

% [%] S N n P

Control 54 12 22 634

Nasonov secret of 10 houses bees 52 16 7 195 z =103 ns.
Nasonov secret of one forager 57 18 9 258 z=13ns
Nasonov sccret of 10 forager 76 15 6 181 z=28 p<0.01
0.001 wl Geraniol 61 20 8 234 z= 1.4 ns.
0.01 pl Geraniol 72 16 8 237 z =27 p<0.01
0.1 pl Geraniol 79 13 8 234 z =34 p<0.001
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Fic. 2. — Distribution of Varroa mites in tests of simultaneous choice

A = Attractant field, R = Repellent ficld, Control (C), Nasonov secret of 10 housc bees (N10H),
Nasonov secret of one forager (N1F), Nasonov secret of 10 foragers (N10F), 0,001 pl geraniol
(G 0,001), 0,01 pl geraniol (G 0,01), 0,1 pl geraniol (G 0,11).

ABB. 2. — Verteilung von Varroamilben im Simultanwahlversuch

A = Attractant-Feld, R = Repellent-Feld, Kontrolle (C), Nassonoff Sekret von 10 Stockbienen
(N10H), Nassonoff Sekret von einer Flugbiene (N1F), Nassonoff Sekret von 10 Flugbienen (N10F),
0,001 pl Geraniol (G 0,001), 0,01 ul Geraniol (G 0,01), 0,1 pl Geraniol (G 0,1).

TaBL. 2. — Statistical analysis. Control (C), Nasonov secret of 10 house bees (N10H), Nasonov
secret of one forager (N1F), Nasonov secret of 10 foragers (N10F), 0.001 pl geraniol (G 0.001),
0.01 pl geraniol (G 0.01), 0.1 ul geraniol (G 0.1), not significant (n.s.), p < 0.05 = *,

p < 0.01 = *x

TaBL. 2. — Statistische Auswertung. Kontrolie (C), Nassonoff Sekret von 10 Stockbienen (N10H),
Nassonoff Sekret von einer Flugbiene (N1F), Nassonoff Sekret von 10 Flugbienen (N10F),
0,001 pl Geraniol (G 0,001), 0,01 pl Geraniol (G 0,01), 0,1 pl Geraniol (G 0,1), nicht signifikant
(n.s.), p<0,05==%, p<0,01 ==

N10H
NI1F
N10OF

G 0.001
G 0.01

N10H NI1F N10F G 0.001 G 0.01 G 0.1
n.s ns. * n.s. * ik
n.s. * n.s. * *
* n.s. n.s. *
n.s. n.s. n.s
n.s. *
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taken from foragers and its main component, geraniol, possess a strong
repellent effect on Varroa mites. The repellent effect is essentially due to
geraniol (Tabl. 2).

House bees produce only very little Nasonov pheromone (BocH and
SHEARER, 1963 ; PickerT ef al., 1980). The filter paper used in wiping the
Nasonov glands of the 3-7 day old bees did not show any repellent effect in
the simultaneous choice tests in comparison to controls.

The strong repellent effect of the Nasonov secretion explains the favoured
location of the mites on bees of different ages. Therefore, the mite is more
frequently found between the head and thorax of older bees since they
produce much secretion in the gland located on the penultimate segment of
their abdomen. In nurse bees, however, it remains more frequently between
the abdominal sternites.

In laboratory tests with bees infested by Varroa mites it is often observed
that an increased number of mites fall off when the bees become excited. One
symptom of excitement is the fanning of numerous bees accompanied by
deposition of Nasonov pheromone.

Water carrying bees produce an especially large quantity of pheromone in
order to mark water places (FReg, 1968 ; FRee & WiLLiams, 1970) ; simultane-
ously, these bees are parasited least of all (HUTTINGER et al., 1981).

The tests show that Nasonov pheromone possesses a strong repellent
effect upon Varroa mites. By means of this substance Varroa jacobsoni is able
to distinguish between house bees and foragers. Infestation of house bees is
more advantageous for Varroa jacobsoni because they remain in the arca of
the brood nest, which is necessary for their reproduction. The Nasonov
pheromone enables Varroa jacobsoni to always choose the ideal host.

It remains to be verified to which extent this substance or its main
component, geraniol, can be utilized in the fight against Varroatosis.
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RESUME

INFLUENCE DE LA PHEROMONE DE NASONOV SUR LA RECONNAISSANCE
DES ABEILLES D’'INTERIEUR ET DES BUTINEUSES PAR VARROA JACOBSONI

Des tests de choix simultanés ont permis de montrer que Varroa jacobsoni peut distingucr les
abeilles d’intérieur des butincuses par la phéromone de Nasonov, dont la production dépend de I'dge de
I'abcille.
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Les tests ont ¢i¢ faits dans des tubes en plastique acrylique de 20 cm de long et de 4 cm de
diametre. L'une des extrémités du tube était fermée par un grillage ne laissant pas passer les acariens,
lautre extrémité par un parafilm. Un papicr filtrc contenant la substance a tester ¢tait fixé sur le
parafilm. Pour chaque test on a placé environ 30 varroas au centrc du tube divisé cn deux scctions.
Apres avoir laissé les tubes 30 minutes dans 'obscurité. on notait la distribution des acariens ct calculait
le pourcentage d’acaricns présents dans le champ répulsif.

L’action répulsive due a la séerétion produite par une glande ct 10 glandes de Nasanov de butincuse
a Gté respectivement de 57 % et de 76 %. Un équivalent abeille ¢t 10 équivalents abeille de géraniol, le
composé¢ principal dc la phéromonc. ont cu un cffet répulsif comparable de 61 % ct 72 % respective-
ment, sur Varroa jacobsoni. Cent équivalents abeille de géraniol ont produit I'effet répulsif le plus fort :
79 %. Des abcilles prélevées parmi des abeilles d’intérieur agées de 3 a 7 jours n’ont exercé aucunc
action sur les acariens par rapport aux témoins.

La phéromone de Nasonov possede un cffet répulsif puissant sur Varroa jacobsoni. Le composé
principal, le géraniol, cn est responsable. L'acaricn peut reconnaitre son hote idéal, Pabeille d'intéricur,
au moyen de cette substance odorante.

ZUSAMMENFASSUNG

DER EINFLUSS DES NASSONOFF PHEROMONS AUF DAS ERKENNEN
VON STOCK- UND TRACHTBIENEN DURCH VARROA JACOBSONI

In Simultanwahlversuchen konnte gezeigt werden, daBl Varroa jacobsoni mit Hilfe des altersabhingig
produzicrten Nassonoff Phcromons, Stock- und Flugbienen unterscheiden kann.

Dic Versuche wurden in 20 cm langen Acrylglasrohren mit cinem Durchmesser von 4 em durchge-
fihrt. Ein Ende der Rohre war mit milbendichtem Drahtgewcebe, das andere mit Parafilm verschlossen.
Ein Filterpapicrstiuck. das dic Testsubstanz enthiclt, war auf dem Parafilm fixiert (Fig. 1). Bei jedem
Versuch wurden etwa 30 Varroamilben in dic Mitte des in zwei Abschnitte untertcilten Rohres
cingesetzt. Nach 30 Minuten in der Dunkelheit wurde dic Verteilung der Milben bestimmt und der
prozentuale Anteil der Versuchsticre im Repellentfeld crrechnet.

Das Sckret von ciner bzw. 10 Nassonoff Drisen von Flugbienen zcigte cine Repellentwirkung von
57 % bzw. 76 %. Ein bzw. 10 Bienencquivalent Geraniol, der Hauptbestandteil des Phcromons, hatte
cine vergleichbar stark abwchrende Wirkung auf Varroa jacobsoni mit 61 % bzw. 72 %. 100 Bicnenequi-
valent Geraniol verursachte mit 79 % dic stirkstc Repellentwirkung. Sammelproben von zehn 3-7 Tage
alten Stockbiencn hatten im Vergleich zur Kontrolle keinen EinfluB auf die Milbe.

Nassonoff Pheromon hat einc starke Repellentwirkung auf Varroa jacobsoni. Der Hauptbestandtcil,
Geraniol, ist hicrfir verantwortlich. Die Milbe kann mit Hilfe dicses Duftstoffes olfaktorisch ihren
idealen Wirt, dic Stockbicne, crkenncn.
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