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Abstract — A whole mount method was used to determine the moment of activation of oocyte growth
in Varroa jacobsonfemales. Ovaries of the mites were dissected and stained with toluidine blue. The
coloration of the terminal oocyte indicates the uptake of euplasmatic and/or yolk material and, there-
fore, the initiation of the reproductive phase. In phoretic mites from adult bees, no staining of the ovary
could be detected/. jacobsonfemales artificially introduced into freshly capped brood cells and
removed for dissection 6 h later already showed clear blue staining of the terminal oocyte. The
ovaries ofV. jacobsonfemales introduced 14 h after capping of the brood cell, however, remained
uncolored after incubation in toluidine blue. We conclude that, in phoretic mites, oogenesis is arrested
at a previtellogenic phase. Immediately after invasion of the brood cell, reproduction is activated
by an as yet unknown host factor. This factor is present in freshly capped brood cells but not in
brood cells 14 h after capping. Our new method offers new possibilities for the exact determination
of oocyte growth and, therefore, for the studyofacobsonfertility in different host and parasite
populations.
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1. INTRODUCTION 2. MATERIALS AND METHODS

2.1. Artificial introduction

The fertility of Varroa jacobsonimites of V. jacobsonifemales

(Acari, Varroidae) reproducing in worker
brood cells has been shown to affect mos

- . Studies were performed at the apiary of
strongly the population dynamics of the pary,» jniversity of Hohenheim withpis mel-

asite in honey bee colonies [11]. In the 0Origyie 5 carnica Phoretic mites were taken
inal host speciegypis cerandabr, female ¢, jiving nurse bees on combs with open
mites do not reproduce in worker brood buy, 554 A brood comb of another lightly
they have high fertility in drone brood, jytested honey bee colony with recently
which they prefer over worker brood [2, 6,5ea1ed worker brood cells was used for arti-
14, 21]. In the secondary hospis melli-  ficig) infestation. A small gap in the cell

feral., re_du_ced fertility of the mites is COr- sealing was opened with an insect needle
related with increased tolerance to varroosisang carefully closed again after introduc-

as seen in the Africanized honey bees Gjon of oneV. jacobsoniemale. All mites
Brazil [7, 15, 17]. were introduced within 30 minutes after
The signals triggering the activation 0fremova.l from the adult bees. They were sep-
oocyte maturation of the parasite after inva2rated into two groups.
sion of the brood cell are as yet unknown. Ir
phoretic mites, oogenesis is arrested at ¢
early stage of egg cell development. Oocyt:
growth in reproductiv®’. jacobsonfemales
depends on the consumption of haemolymp

from freshly sealed larvae [10, 25]. Thesg,, jacobsonfemales laid eggs, similar to

haemolymph meals were assumed to initiatip e nercentage in naturally invaded cells at
lyrate organ function and, later on, to lead t(,,, apiary [16, 20].

vitellogenesis. Artificial introduction of

mites into sealed brood cells containing ¢ 2 1.2 “Delayed introduction”

prepupa, however, failed to induce mite

reproduction [4, 20]. The supposed stimu- V. jacobsonifemales were introduced

lation by host derived hormone [12] or othelinto brood cells that had been sealed for

trophogenous factors [20] has not been cor14—16 hours. Less than 10% of these mites

firmed [19, 21]. Recent studies indicate éare able to lay eggs [Rosenkranz and

stage-specific semi-chemical stimulation ofStiirmer, unpublished data]. Therefore, these

V. jacobsonireproduction [26]: the polar mites represent a group of “artificially infer-

fraction of host larval cuticle induced eggtile” V. jacobsonfemales.

maturation, though only if extracted from | gyr test colony, naturally infested

larvae of the fifth instar. worker brood cells were checked 7-9 days
In order to evaluate the moment of effec:POSt capping fov. jacobsonreproduction

tive stimulation and subsequent growth ol0 €nsure that, in thé. jacobsonpopulation

V. jacobsoris terminal oocyte, histologi- W& used for our experiments, rates of mite

cal examination with time-consuming seriall€Production were normal.

sections were required [22, 23]. Here we

present a method for rapid toluidine blue 2 2. Removal of mites

staining of ovary whole mount dissections. and record of body weight

By means of this technique, we provide ¢

sensitive method for monitoring the initia-  After artificial introductionV. jacobsoni

tion of oocyte growth iV. jacobsoni females were removed at 6-hour intervals

2.1.1. “Early introduction”

V. jacobsonifemales were introduced
into recently sealed brood cells (0-2 hours).
Using this method, 80 to 90 percent of
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(6, 12, 18 and 24 hours) from brood cells 3. RESULTS
and immediately weighed on a Mettler fine
balance (0.1 mg accuracy) in groups of 3.1. Reproduction in naturally infested
5 mites to record average body weight. brood cells
Phoretic mites were weighed in the same
way. For each data point, at least 20 groups From 15 worker brood cells of our test
of mites were weighed. colony naturally infested with a single
V. jacobsonifemale, 14 mites laid eggs,
. . . indicating that the respectiwé jacobsoni
2.3. Dissection, whole mount staining, - o jation had a normal reproductive capac-
and microscopic analysis ity.
of V. jacobsoniovaries

V. jacobsonfemales sampled from adult 3.2, Change inV. jacobsoniweight
bees or from brood cells were opened by
removing the ventral shield. The ovary  pnporetic mites weighed 326 (+ 26g).
together with spermatheca and lyrate orgapogy weight increased to 414 (+ 30ug,
were carefully transferred into PBS buffer«garly introduction”) and 40fg (+ 27ug,
(phosphate buffered saline, pH 7.2—7.4)«delayed introduction”) 24 hours after intro-
After 30 minutes fixation in formaline (4%), duction to a cell. During this first day of the
the reproductive tracts were washed thregsproductive cycle, there was no significant
times with buffer and incubated for 30 min-difference p > 0.05, Friedmann-Test) in
utes in toluidine blue (0.005%). After further weight change between the two groups of
washing in PBS (three times 15 minutes)/. jacobsonimites (Fig. 1).
the coloring of the oocytes in the ovary was
analyzed with a Zeiss photomicroscope
400x). In this study, we distinguished 3.3. Oocyte growth
between colored and non-colored oocytes
to determine whether there had been incor- We analyzed ovaries of 18 phoretic mites
poration of euplasmatic material and/or yolkcollected from nurse bees and 41 ovaries
proteins into the oocyte; this would indicatefrom brood mites. In phoretic mites, the
an activation of the oocyte. somewhat larger terminal oocyte, which is

500 - —a— early introduction

— -+ — delayed introduction

450 -
Figure 1.Increase in body 400
weight of V. jacobsoni
females after introduction
into capped brood cells. 350 |

Mites introduced immedi-
ately after capping of the
brood cells had an identical

oL VS ; swH—+—-m—@—~—~-r——
weight increase as mites
introduced 14 hours after 0 6 12 18 24 36 42 48
capping. Time after introduction into brood cells [h]

Weight of Varroa-females [ug]
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expected to become the first egg, had a paleg=

and non-specific staining after incubation
in toluidine blue. It did not differ from the
surrounding tissue of the ovary or the
smaller oocytes (Fig. 2a). Six hours after
cell sealing, a clear blue staining of the ter-
minal oocyte was already clearly visible
(Fig. 2b, Tab. I). The intensity of the blue
color, however, still varied among the
18 specimens. After 12 and 18 hours, the
staining of the primary oocyte was more
intense and without the variation seen in
oocytes sampled at 6 hours (Fig. 2c). There-
fore, toluidine blue staining of the biggest
oocyte, indicating uptake of euplasmatic
and/or yolk material, could be verified for all
41 ovaries from brood mites (Tab. I).

From the 10V. jacobsonfemales intro-
duced 14-16 h after capping of the brood
cells, we could find a stained oocyte in only
a single ovary, meaning that 90% of the
V. jacobsonimites of this group had not
commenced oocyte maturation (Tab. I).

4. DISCUSSION

By the use of our new method, we were
able to determine for the first time the exact
timing of activation of the terminal oocyte in

Table I. Oocyte growth in dissected ovaries.
V. jacobsonfemales were introduced into freshly
capped brood cells and removed at 6 hours inter-
vals.

Time after Number of Number of
cell capping ovaries examined actived ovaries

phoretic 18 0
6h 18 18
12 h 11 11
18 h 7 7
24 h 5 5
24 h* 10 1

Figure 2. The terminal oocyte 0¥. jacobsoni
ovaries dissected and stained according to our
whole mount technique. In phoretic mi{eythe
terminal oocyte is already larger than the other
ones, but no incorporation of euplasmatic mate-
rial or yolk protein is visible. 6 hours after cell

* V. jacobsonfemales were introduced 1416 hourscapping(b) the first incorporation is clearly vis-
after cell capping and removed 24 hours later for distble by blue staining. 18 hours after cell capping

section.

(c) the oocyte is completely colored.
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theV. jacobsonbvary. Whole mount prepa- [16]. The lower percentage of fertile mites
rations were used to examine the initiation ofinder natural conditions may be explained by
oocyte growth in large samples of individualan arrest of oogenesis in already activated
V. jacobsonimites. This approach can beovaries, probably due to oosorption [22].

applied even in semi-field conditions. Of Surprisingly,V. jacobsonfemales which

course, statements about the quantity or thgere assumed to remain infertile (“delayed
specificity of the material incorporated into; troduction”) increase their body weight

the oocyte are not possible. For details ofy,jng the first 48 hours after artificial intro-

the course of oogenesis, time consuMINg,ction to a brood cell, and to a similar mag-

sectioning and immunocytochemical teCh+yde as fertile mites (“early introduction”).

niques are still necessary [1, 22, 24]. This feeding behavior indicates the general
In all the phoretic mites examined byreadlness of phoreti¢. jacobsonfemales to

toluidine blue staining, no coloration of the €Nter the reproductive phase which, how-

ovary was detected. Even the previoushEVe’: requires the action qf an initiation fac-
enlarged oocyte which is about to enter thé0!- At Ieast, oocyte activation does not
first gonocycle [23] did not reveal specific 9&Pend on a phagostimulus or on the quan-
staining. This confirms the view that titative uptake of Iarv_al haemolymph, as has
phoretic mites remain in a previtellogenicP€€n assumed previously [20].

stage [9, 23]. In our study, oocyte coloration Our preliminary results support the
was independent of the status of the opisthdyypothesis that the assumed factor for oocyte
soma of the phoretic mites (“swollen” or activation is only present in freshly capped
“not swollen” as described formerly [4]). brood cells. Whenevéf. jacobsonfemales
Six hours after cell capping, the terminalare introduced into brood cells which have
oocytes already were clearly blue-colorecbeen capped for 14 h, they do not initiate
indicating activated oocyte growth. This isoocyte growth at all. The nature of this hypo-
significantly earlier than the assumed start ofhetical activation factor remains unknown
vitellogenesis, previously thought to be ini-and, since the rejection of the JH hypothesis
tiated 15 hours after cell capping [22, 23][12, 19, 21], no other specific host-derived
Probably, during this initial phase of oocytecompound with a distinct peak shortly after
growth, euplasmatic components suppliedell capping has yet been identified. The
by the nursing lyrate organ [22] are incor-very quick physiological reaction of mites
porated into the oocyte rather than yolk prosupports the conclusions of Trouillier and
teins. Under the selection pressure of th#lilani [26] thatV. jacobsonreproduction is
relatively short postcapping period of thestimulated by a chemotactic signal.

host [13, 18], the early start of oocyte growth a6 js siill the important question of
may be an adaptive strategy to ensure that @i, ether the high proportion of infertile
least two adult descendants, one male ang 5copsoniemales in worker brood of
one female, can reach sexual maturity beforgmiS ceranaand Africanized honey bees

the host bee emerges. [14, 15], for instance, might be explained

During the further course of oogenesisPY reactions to a specific host signal.
additional control mechanisms may influ- ¥ iacobsoninfertility may reflect varia-
enceV. jacobsonreproductive success. In tion of an host-dependent factor as well as a

all V. jacobsonfemales which were intro- '€action of certain mite genotypes toward
duced into recently sealed brood celidhis signal [3, 5, 8].

(n = 41), we confirmed activation of the  Therefore, we need more data on the ini-
ovary. Year long records at Hohenheimtiation of oocyte maturation, particularly
revealed percentages of fertile mites inn situations where a high percentage of
worker brood of between only 80 and 90%infertile mites exists. Our new method offers



564 C. Garrido et al.

the possibility for exact determination of Tous les acariens présents sur le couvain
the oocyte growth o¥. jacobsonfemales ont vu leur poids augmenter d’environ
and allows extensive examination in popu325pg a plus de 40Qg durant les 24 h qui
lations with different degrees of host-para-ont suivi I'introduction (Fig. 1), quel que
site adaptation. soit le moment de lintroduction. Ce com-
portement alimentaire indique une disposi-
tion générale des femelles phorétiques de
ACKNOWLEDGEMENTS V. jacobsona entrer dans la phase de repro-
_duction. Mais chez tous les acariens phoré-
We are grateful to Prof. Wolf Engels for crit- .; oA _ ;
ical discussgi]on and to Dr. Robert Pa?aon for readt-Iques examines (n - 18,) 9uqune C oloratlon.
ing of the manuscript. au bleu de to_lmdln_e n'a été detecte_e (Tab. I,,
Fig. 2a). Ceci confirme les observations anté-
rieures selon lesquelles I'ovaire des acariens
phorétiques est bloqué a un stade de prévi-
tellogenése. Pourtant, dans les ovaires des
acariens présents sur le couvain, une colo-
ration bleu clair de I'ovocyte terminal était
déja visible 6 h aprés l'introduction artifi-
Lielle des acariens dans les cellules fraiche-
ment operculées (n =41 ; Tab. | ; Fig. 2b).
%ur les 10 femelles dé. jacobsonintro-

Résumé — Coloration au bleu de toluidine
pour une détermination rapide du début
de la croissance des ovocytes et de la fer-
tilité chez VVarroa jacobsoniOud. La ferti-
lité réduite des acariengarroa jacobsoni
dans les cellules de couvain d’ouvriére
(Apis melliferal.) est I'un des facteurs clés

liés a la tolérance a la varroose, comme celd". . N :
a été montré chez I'hote d’originkpis uites 14 a 16 h aprés I'operculation, nous

ceranaFabr. et chez les abeilles africani-1'2VONs trouve un ovocyte coloré que dans
sées du Brésil. Les signaux qui déclencherg{n Eeul ovaire (Tab. I), c'est-a-dire que, chez
I'activation de la reproduction de I'acarien 0 % des acariens ('je C€ groupe, la matura-
apreés l'nvasion de la cellule de couvain restion des ovocytes n'avait pas commence.

tent & ce jour inconnus. Nous avons utilisén conclusion, la reproduction dejacob-
une nouvelle méthode de coloration in tots0nidoit étre stimulée par un signal qui n'est
pour déterminer avec précision le début derésent que dans les cellules fraichement
Des femelles phorétiques ¥e jacobsoni  SOnt mtrothes dans Qes cellules opercu-
ont été prélevées sur des abeilles adultes €S depuis 14 h, la croissance des ovocytes
introduites artificiellement dans des celluled)€st pas du tout démarrée, ce qui indique
de couvain fraichement operculées et darlg@bsence de signal d'activation a ce stade de
des cellules de couvain operculées depuld0te. La nature du signal et les mécanismes
14-16 h. Toutes les 6 h, les acariens ont éf¢ Stimulation de la reproduction de
retirés des cellules et pesés sur une balan¥e jacobsonrestent inconnus. Notre nou-
de précision. Immédiatement aprés la pesééelle méthode offre la possibilité de déter-
les ovaires ainsi que la spermathéque &piner avec précision la croissance des ovo-
I'organe en forme de lyre, ont été soigneucytes dans de grands échantillons de
sement disséqués, fixés dans la formalinef§melles de/. jacobsoniC'est donc un outil

4 % et colorés durant 30 min au bleu déPProprié pour des etudes en conditions
toluidine & 0,005 %. Les ovocytes ont étéemi-naturelles de la fertilité dé jacob-
lavés dans un tampon PBS et leur colora8onidans des populations qui présentent
tion a été analysée au microscope. La coldlivers degrés de tolérance a la varroose.
ration de I'ovocyte dépend de l'incorpora-

tion de vitellus ou d’autres constituantsVarroa jacobsoni relation hote parasite /
euplasmatiques et marque donc I'activatiovitellogenese / ovogenese / fertilité /
de l'ovaire. reproduction
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Zusammenfassung — Farbung mit Tolui- Abb. 2a). Dies bestétigt friihere Untersu-
dinblau als rasche Methode zur Beurtei- chungen, nach denen das Ovar von phoreti-
lung der Aktivierung von Oocyten- schen Milben in einem pravitellogenen Sta-
wachstum und Fertilitat bei Varroa dium arretiert ist. In den Ovarien der
jacobsoniOud. Eine reduzierte Fertilitdit Brutmilben wurde dagegen bereits 6 Stun-
derV. jacobsoniWeibchen in Arbeiterin- den nach dem Einsetzen in frisch ver-
nenbrut ist einer der SchlUsselfaktoren flideckelte Brutzellen eine eindeutige blaue
eine Toleranz gegeniber der Varroose. DieBarbung der terminalen Oocyte festgestellt
wurde insbesondere durch Untersuchungefn = 41, Tab. |, Abb. 2b). Bei den M
beim Ursprungswirpis ceranaund bei  jacobsoniWeibchen, die 14-16 Stunden
den Afrikanisierten Honigbienen Brasiliensnach der Zellverdeckelung in die Brutzel-
bestatigt. Die Signale fur die Aktivierung len eingesetzt wurden, konnte lediglich in
und Steuerung dé&f. jacobsoniReproduk- einem Ovar eine gefarbte Oocyte nachge-
tion sind aber nach wie vor unbekannt. Wiwiesen werden (Tab. I). Dies bedeutet, dass
verwendeten eine neue “whole mount”’-aus dieser Gruppe bei 90 % der Milben
Technik, um den exakten Zeitpunkt derkeine Aktivierung der Oocyten erfolgt war.
Oocyten-Aktivierung zu bestimmen. Wir schligBen daraus, dass die jacobsoni
Phoretische Milben wurden von AdultbienenReproduktion durch ein Signal stimuliert
abgesammelt und in frisch verdeckelte Brutwird, das ausschlfdich in frisch ver-
zellen und in Brutzellen, die bereits seitdeckelten Brutzellen vorhanden ist. Da die
14-16 Stunden verdeckelt waren, eingesetAterspatet eingesetztéh jacobsormiweib-

In Abstanden von 6 Stunden nach dem Einchen nicht mit der Reifung der Oocyten
setzen wurden die Milben aus den Brutzelbeginnen, ist dieses Aktivierungssignal zu
len entnommen und auf einer Analysendiesem Zeitpunkt offensichtlich schon nicht
waage das Korpergewicht bestimmt. Direktnehr vorhanden. Unsere neue Methode
nach dem Wiegen wurden die Ovariererlaubt die exakte und rasche Bestimmung
zusammen mit der Spermatheka und dergéler Aktivierung der Oocyten bei einzelnen
lyraférmigen Organ herauspréapariert, in ForV. jacobsonWeibchen. Sie ist daher her-
malin (4 %) fixiert und fiir 30 Minuten in vorragend geeignet zur Untersuchung der
Toluidinblau (0,005 %) gefarbt. Nach demV. jacobsoniFertilitat in Populationen mit
Waschen in PBS-Puffer wurde die Farbunginterschiedlichem Toleranzniveau.

der Oocyten lichtmikroskopisch bestimmt.

Die Farbung der Oocyte ist mit dem Ein-Varroa jacobsoni / Wirt-Parasit-

bau von Dotter oder anderen euplasmatiBeziehung / Vitellogenese / Oogenese /
schen Bestandteilen korreliert und ist daheFertilitat / Reproduktion

ein klarer Hinweis fur die Aktivierung des

Ovars.
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