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Summary — Euvarroa sinhai was coliected from drone brood cells of Apis florea and introduced into
cages with 5 worker bees of 3 honeybee species. After 24 h the survival rates of the mites were de-
termined. The survival of Euvarroa sinhai on Apis mellifera was 53% compared to 70% on Apis flo-
rea and 8% on Apis cerana. Surviving Euvarroa sinhai were found under abdominal sternites of the
bees. Experiments under more natural conditions are required to further explore the question of
whether or not Euvarroa sinhai must be considered as a new candidate for parasitism on the West-

ern honeybee Apis mellifera.

host-parasite relation / Euvarroa sinhai/ Apis mellifera! Apis cerana| Apis florea

INTRODUCTION

Varroa jacobsoni was restricted originally
to one host species, the Asian honeybee
Apis cerana. After introduction of the allo-
patric honeybee species Apis mellifera
into the habitat of the Asian honeybees,
Varroa jacobsoni rapidly invaded the im-
ported colonies. Subsequently, Varroa ja-
cobsoni has spread worldwide and has
caused heavy losses to apiculturists. It is
currently the economically most serious
parasite of Apis mellifera. Euvarroa sinhai

is naturally associated with Apis florea
(Akratanakul and Burgett, 1976; Koeniger
et al, 1983; Aggarwal and Kapil, 1988).
Kapil and Aggarwal (1987) reported the
occurrence of this mite species in the hive
debris of Apis mellifera in India. More re-
cently, Rath and Delfinado-Baker (1990)
found one Euvarroa sinhai in the hive de-
bris of Apis mellifera in Thailand. Further,
Mossadegh (1990a,b) experimentally in-
fested brood cells of Apis mellifera with
Euvarroa sinhai and reported successful re-
production on the brood of Apis mellifera.
Whether or not adult worker bees of differ-
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ent honeybee species can serve as host for
Euvarroa sinhai is unknown.

MATERIALS AND METHODS

The experiments were conducted in Bangkok,
Thailand in February 1992. Experimental bees
were taken from brood combs of Apis cerana,
Apis mellifera and from the brood area of Apis
florea colonies. All colonies were kept at the
campus of Chulalongkorn University. Hair curl-
ers (diameter 1 c¢cm, height 5 cm) made out of
plastic mesh were used as test cages. The
mesh (5 mm x 2 mm) were not passable by

bees of any species, whereas Euvarroa sinhai

could easily move through. The upper end of
the tube was covered with a cap which con-
tained sugar candy (mixture of honey and pow-
dered sugar). Each cage was set up with 5 bees
of the particular test species. The bottom of
each cage was placed in a small Petri dish 3 cm
in diameter: experimental bees were then inocu-
lated by passing a mite resting on a fine brush
through the mesh of the cage so that it came
into contact with a bee. We introduced 5 mites
per cage; 8 cages per honey bee species and 5
for control (no bees). All test cages together
with the Petri dish were then placed on a tray
lined with petroleum jelly and maintained at
28°C-31°C and 60-85% RH. After 24 h, the pe-
troleum jelly was searched for mites. All test cag-
es were transferred into a deep freezer (-18°C)
for 30 min to kill all bees and mites. Bees were
examined under a dissecting microscope to de-
termine the fate of introduced mites. Mites found
on the bees (after freezing) were considered to
be alive at the end of the experiment.

Before the experiment all mites were examined
and only intact specimens were used. After the ex-
periment, mites were examined again for injuries.

RESULTS

Infestation rate

We inspected 12 combs of Apis florea (12
different colonies) and at least 200 capped
drone brood cells per comb were opened

Table I. Number of sealed Apis florea drone
brood cells infested by Euvarroa sinhai.

Comb Inspected cells Infested cells
1 458 245 (53%)
2 350 26 (7%)

3 800 2 (0.2%)
4 700 2 (0.3%)
5 280 2 (0.7%)
6 600 1 (0.2%)
7 200 0
8 200 0
9 200 0

10 200 0

11 200 0

12 200 0

(table I). Only 6 combs were infested. With
exception of 2 colonies the rate of Euvar-
roa sinhai infestation was less than 1%.

Behaviour of the bees
towards inoculated Euvarroa sinhai

During mite introduction, we noticed differ-
ences among the bee species: on Apis
florea we rarely saw any significant reac-
tion towards Euvarroa sinhai. The bees did
not exhibit grooming or any other kind of
increase in activity after the mites climbed
on them. Also the mites moved readily
from the brush to the bees as soon as the
brush came into first contact with a pass-
ing bee. However, at the very moment they
came into contact with Euvarroa sinhai,
Apis cerana workers showed an intensive
grooming reaction. The mites were
brushed off by the legs. In some cases we
noted that mites were removed from other
bees. We observed bees seizing mites
with their mandibles. Several mites fell to
the bottom of the cage (into the Petri dish)
from where they climbed onto the cage
and to the next bee. However, after 1 h,
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the first immobile mites were observed and
some were already on the petroleum jelly
surrounding the cage.

In Apis mellifera we did not notice in-
creased grooming after mite introduction.
We had difficulties in transferring Euvarroa
sinhai mites from the brush to Apis meliife-
ra workers. The mites often remained on
the brush and did not move onto the bee
during the contacts. About half of the mites
left the bees after we initially had put them
on. Several mites were observed wander-
ing on the cage during the experiment.

Survival of Euvarroa sinhai

All of the mites transferred into empty
cages were recovered after 24 h on the pe-
troleum jelly, where they became stuck
and consequently died (table Il).

In Apis florea we found 28 mites on the
frozen bees. They were concealed be-
tween the sternites of the abdomen (fig 1).

b

Fig 1. Apis florea worker carries Euvarroa sinhai
under an abdominal sternite. The white spot is
presumably faeces.

Twelve mites were collected dead from the
petroleum jelly (tabie Ii).

In Apis mellifera 19 mites were recov-
ered from the petroleum jelly and 21 mites
were found on the bees (table Il). Further,
Euvarroa sinhai was detected under the
sternites of the abdomen of the Apis mellif-
era worker bees (fig 2). In several cases
we noticed white spots presumably of mite
feces outside the mite's position (fig 3).

In Apis cerana cages only 3 Euvarroa
sinhai were found on the bees. Thirty-
seven mites were collected from the petro-
leum jelly. Thus this bee species success-
fully removed most of the mites and had
significantly (x2 = 10.3, P < 0.001) less sur-
viving Euvarroa sinhai than the 2 other bee
species (table Il). Upon examination of the
dead Euvarroa sinhai we found that 7
mites were mutilated (table [l). One or
more legs were amputated (fig 4). With
Apis florea and Apis mellifera we did not
detect any injuries of mites.

The 24-h survival rate of Euvarroa sinhai
was best (70%) on its natural host, Apis flor-
ea (table Il). The survival rate on Apis mellif-
era was = 53% and did not differ significant-
ly (2 = 2.6, P > 0.05) from that of Apis
florea. Apis cerana successfully eliminated
most of the mites and had significantly (P <
0.01) less surviving Euvarroa sinhai than
the other honeybee species.

DISCUSSION

Mossadegh (1991) inspected 31 Apis flor-
ea colonies in lran and found Euvarroa sin-
hai in every colony. He examined 8 combs
with drone brood cells and found a mean
infestation rate of 8%. We checked 12
combs which contained capped drone
brood cells. In 6 combs the drone brood
was infested, but apart from 2 the percent-
age was less than 1%. In the other 6
combs, we inspected about 50% of the
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Table Il. Number of alive and dead Euvarroa sinhai 24 h after inoculation.

Cage No
3 4 5 6 7 8 Sum

1 2

Control Mites alive 0 0
Mites dead 5 5

A florea Mites on bees 2 5
Mites dead 3 0

A mellifera  Mites on bees 1 4
Mites dead 4 1

A cerana Mites on bees 0 0
Mites dead 5 5
(Mites injured) (1 (2)
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Fig 2. Euvarroa sinhai pulied out slightly from its
original resting position under the abdominal
sternite of an Apis mellifera worker bee.

drone cells without finding a single mite.
So the rate of Euvarroa sinhai infestation
of Apis florea colonies which we inspected
in Thailand was probably lower than that in
Southern Iran.

The question of whether Euvarroa sin-
hai has the potential to successfully para-

Fig 3. A white faecal drop of Euvarroa sinhai
has been deposited outside its resting position
indicating successful feeding on Apis mellifera.

sitize other honeybee species is of some
interest. Naturally, Euvarroa sinhai is found
in strict association with Apis florea. In
many regions of Asia Apis florea lives sym-
patrically with the other Asian honeybee
species. But there are no reports of Euvar-
roa sinhai from colonies of Apis cerana
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Fig 4. An injured Euvarroa sinhai (right) of Apis cerana and an intact mite (left).

Table lll. Comparison of survival rates in cage
experiments.

A florea A mellifera A cerana Control
(%) (%) (%) (%)

Survival 70 53 8 0

and Apis dorsata (Koeniger and Koeniger,
1985). In Southern Iran the distributions of
Apis florea and Apis mellifera overlap
(Ruttner et al, 1985). However, Mossa-
degh (personal communication, 1992) did
not find Euvarroa sinhai in Apis mellifera
colonies.

The 2 reported findings of Euvarroa sin-
hai from colonies of Apis mellifera oc-
curred in India (Kapil and Aggarwal, 1987)
and northern Thailand (Rath and Delfina-
do-Baker, 1990). In both areas, Apis mellif-
era was successfully introduced. The dead
mites were discovered in the hive debris of
the Apis mellifera colonies.

Akratanakul (1976) and Mossadegh and
Komeili (1986) pointed out the similarity

between the life cycles of Euvarroa sinhai
and Varroa jacobsoni. Consequently Mos-
sadegh (1990a,b) demonstrated that Eu-
varroa sinhai can develop on worker and
drone brood of Apis mellifera. In our cage
experiments these mites were exposed to
worker bees (nurse bees sampled from the
brood area) of different honeybee species.
Surely the cage and other experimental cir-
cumstances also had a major impact on
the survival of mites, since only 70% sur-
vived on Apis florea. Further, mites wan-
dering out of the cage were caught and
died in the petroleum jelly. According to
some preliminary experiments and obser-
vations, these effects seem to increase
with the duration of the cage test. There-
fore we restricted the test to 24 h, which
also had the advantage of avoiding bee
mortality. Nevertheless we found clear dif-
ferences among the honeybee species.

Although the mites were initially reluc-
tant to move onto the bees, they were able
to infest Apis mellifera workers and survive
for 24 h. The fecal droppings indicated that
Euvarroa sinhai actively fed on the Apis
mellifera workers. The success rate of
mites was not significantly lower than on
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workers of their natural host species Apis
florea. Since Apis florea was the smallest
and Apis mellifera the largest honeybee
tested, the size or the height of bees did
not play a major role in mite survival, Eu-
varroa sinhai can feed on adults and also
can develop on brood of Apis mellifera un-
der special conditions. Experiments under
more natural conditions (in small hives,
etc) are therefore required and are neces-
sary to further explore the question of
whether Euvarroa sinhai must be consid-
ered as a potential new candidate for para-
sitism on the Western honeybee Apis mel-
lifera. Apis cerana was most successful in
the removal of Euvarroa sinhai. Peng et al
(1987) obtained similar results when they
exposed Apis cerana to Varroa jacobsoni.
Apparently grooming behaviour is effective
against both species of mites.

Résumé — Survie d'Euvarroa sinhai
Delfinado et Baker (Acari, Varroidae)
sur les ouvriéres d'Apis cerana Fabr,
Apis florea Fabr et Apis mellifera L. lors
d'expériences en cagettes. Dans la na-
ture, Euvarroa sinhai n'est associé gqu'a
l'espéce hote Apis florea (Akratanaku! et
Burgett, 1976; Koeniger et al, 1983; Ag-
garwal et Kapil, 1988). Kapil et Aggarwal
(1987) ont pourtant rapporté la présence
de cet acarien dans les débris des colo-
nies d'A mellifera élevées en Inde. Plus re-
cemment, Rath et Delfinado-Baker (1990)
ont trouvé une femelle d'Euvarroa sinhai
dans les débris d'A mellifera en Thailande.
Mossadegh (1990a et b) a infesté expéri-
mentalement des cellules de couvain d'A
mellifera avec Euvarroa sinhai et observé
que l'acarien avait réussi a s'y reproduire.
Ce travail cherche a répondre a la ques-
tion : les ouvriéres des diverses espéces
d'Apis peuvent-elles servir d'hdte a Euvar-
roa sinhai ? Des abeilles ont été prélevées
sur les zones de couvain de colonies
d'abeilles des 3 espéces, cerana, mellifera

et florea, élevées sur le campus de l'uni-
versité de Chulalongkorn. Des bigoudis
(diamétre 1 cm, hauteur 5 cm) en grillage
en plastique ont éte utilisés comme caget-
tes de test. Chaque cagette a été pourvue
avec 5 abeilles de l'espéce testée. On a
ensuite infesté les abeilles en faisant pas-
ser a travers le grillage de la cagette un
acarien posé sur un pinceau fin, de fagon
a ce qu'il vienne en contact avec une
abeille. Nous avons introduit 5 acariens
par cagette a raison de 8 cagettes par es-
péce d'abeilles et de 5 cagettes témoin
(pas d'abeilles). Les acariens transférés
dans les cagettes vides (témoins) ont tous
été retrouvés 24 h plus tard. ls étaient col-
lés sur la vaseline qui enduit le support au-
tour des cagettes et étaient donc morts (ta-
bleau li). Dans les cagettes avec A florea,
nous avons trouvé sur les abeilles 28 aca-
riens, qui étaient cachés entre les sternites
de l'abdomen (fig 1). Douze acariens ont
été retrouvés morts (tableau Il). Dans les
cagettes avec A mellifera, 19 avariens ont
été retrouvés dans la vaseline et 21 sur les
abeilles, situés sous les sternites de I'ab-
domen des ouvriéres (tableau I, fig 2). A
plusieurs reprises, nous avons remarqué
des points blancs, vraisemblablement des
fécés d'acariens (fig 3). Dans les cagettes
avec A cerana, seuls 3 acariens ont été
trouvés sur les abeilles, mais 37 dans la
vaseline. Cette espece parvient donc a se
débarrasser de la plupart des acariens et a
un nombre significativement moindre (x2 =
10,3, P < 0,001) d'acariens survivants que
les 2 autres espéces (tableau ll). A l'exa-
men des Euvarroa sinhai morts, nous
avons trouvé 7 acariens mutilés (tableau
Il) avec une (fig 4) ou plusieurs pattes am-
putées. Ce phénoméne n'a pas été obser-
vé avec A florea, ni avec A mellifera.

Mossadegh (1990a et b) a montré
qu' Euvarroa sinhai pouvait se reproduire et
se développer sur du couvain d'ouvriéres
et de males d'A mellifera. Dans nos expé-
riences en cagettes, cet acarien a été ca-



Euvarroa sinhai survival on 3 honeybee species 409

pable d'infester des ouvriéres d'A mellifera
et de survivre pendant 24 h. Le taux de
réussite a été un peu plus faible que sur
les ouvriéres de son héte naturel A florea.
Les gouttelettes fécales  indiquent
qu'Euvarroa sinhai s'est nourri activement
sur les ouvrieres d'A mellifera. Des expé-
riences dans des conditions plus naturelles
(dans des ruchettes, etc) sont nécessaires
et conseillées pour élucider la question de
savoir dans quelle mesure Euvarroa sin-
hai, en tant que «nouveau» parasite, re-
présente un danger potentiel pour I'abeille
occidentale A mellifera.

Euvarroa sinhai | Apis mellifera | Apis
cerana | Apis florea / relation hote-
parasite

Zusammenfassung — Kifigversuche
zur Uberlebensrate von Euvarroa sinhai
Delfinado und Baker auf Arbeiterinnen
von Apis cerana, Apis florea und Apis
mellifera. Euvarroa sinhai ist natlrlicher-
weise auf die Wirtsart Apis florea be-
schrankt (Akratanakul und Burgett, 1976;
Koeniger et al, 1983; Aggarwal und Kapil,
1988). Kapil und Aggarwal (1987) jedoch
berichteten (iber das Vorkommen dieser
Milbenart im Gemdli von in Indien gehalte-
nen Apis mellifera Bienenvélkern. Kirzlich
fanden auch Rath und Delfinado-Baker
(1990) eine Euvarroa sinhai bei Apis mellif-
era in Thailand.

Mossadegh (1990a,b) konnte experi-
mentell Brutzellen von Apis mellifera mit
Euvarroa sinhai impfen und erfolgreiche
Reproduktion beobachten. Ob auch Arbei-
terinnen anderer Honigbienenarten als
Wirt flr Euvarroa sinhai in Frage kommen,
soll mit dieser Arbeit geklart werden.

Die Versuchsbienen wurden aus dem
Brutbereich von Bienenvélker der Arten
Apis cerana, Apis mellifera und Apis florea
entnommen, die auf dem Campus der
Chulalongkorn University in Bangkok ge-

halten wurden. Lockenwickler (Durchmes-
ser 1 cm, Héhe 5 cm) aus Plastikgewebe
wurden als Testkadfige benutzt. In jedem
Kafig waren flinf Bienen, die mit finf Eu-
varroa sinhai infiziet wurden. Dazu
wurden die Milben mit einem Pinsel aufge-
nommen und durch das Gitter des Kéfigs
mit den Bienen in Kontakt gebracht. Wir
haben acht Kéafige pro Bienenart und fiinf
leere Kéfige als Kontrolle eingesetzt.

Die Milben verlieBen die leeren Kéfige
und wurden vollstdndig und tot auf der mit
Vaseline bestrichenen Unterlage gefun-
den, die jeden K&fig lickenlos umgab (Ta-
belie Il).

Bei Apis florea fanden wir 28 Milben auf
den Bienen, wobei die Milben zwischen
den Sterniten des Abdomens steckten
(Abb 1). 12 Euvarroa sinhai waren tot (Ta-
belle Ii).

Bei Apis mellifera wurden 19 Milben tot
auf der Vaseline gefunden und 21 auf den
Bienen (Tabelle 1l, Abb 2). Bei mehreren
Milben wurden weiBe Exkremente be-
merkt, die auf eine aktive Nahrungsaufnah-
le der Euvarroa sinhai an der Arbeiterin
von Apis mellifera schlieBen lassen (Abb
3).

Bei Apis cerana wurden nur drei Milben
auf den Bienen gefunden, die anderen 37
Euvarroa sinhai lagen tot auf der Vaseline.
Damit waren bei dieser Bienenart signifi-
kant (x2 = 10.3, P < 0.001) weniger Uberle-
bende Milben vorhanden als bei den
beiden anderen Bienenarten (Tabelle ).
Weiter wurden bei Apis cerana verletzte
Milben gefunden (Abb 4).

Mossadegh (1990a,b) hat nachgewie-
sen, daB Euvarroa sinhai erfolgreich auf
Brut von Apis mellifera reproduzieren
kann. In unseren Kéfigversuchen waren
diese Milben in der Lage, Arbeiterinnen
von Apis mellifera zu befallen und flr 24
Stunden zu (berleben. Dabei war die
Uberlebensrate auf Apis mellifera nur
wenig geringer als auf dem naturlichen
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Wirt Apis florea. Weiter deuten die abge-
setzten Kottropfen auf eine erfolgreiche
Nahrungsaufnahme von Euvarroa sinhai
auf den Arbeiterinnen von Apis mellifera
hin. Weitere Versuche zur Klarung der
Frage, inwieweit Euvarroa sinhai als
«neuer» Parasit eine mégliche Gefahr fir
Apis mellifera darstellt, sind empfehlens-
wert und notwendig.

Euvarroa sinhai | Apis mellifera | Apis
cerana/ Apis florea ! Parasit-Wirt Bezie-
hung
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