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Abstract — The effect of the detached male genital capsule on ovarian activation in queens of the stin-
gless bedlelipona quadrifasciataand the amount of time the genital capsule remains attached to the
queen genital chamber after mating, were investigated. Twenty-four controlled matings were carried
out and the male capsules were manually removed at preset time intervals. The results indicate that
the experimental removal of the mating plug on the first three days after mating inhibits ovarian
activation or strongly decreases the chances that it will happen. After this period it would not affect
ovarian activation, despite continuing to be attached to the queen for a few more days. It is sug-
gested that the male genital capsule provides mechanical stimulation only.

Hymenoptera /Melipona quadrifasciata stingless bees / ovarian development

1. INTRODUCTION oogenesis, to being the sole factor respon-
sible for the onset of egg maturation in these
In insects, several internal and externahnimals (Engelmann, 1970; Wheeler, 1996).
factors influence the total egg production
by females. Among such factors, mating can Nothing is known about the factors that
vary from causing a slight acceleration intrigger ovarian activation in stingless bees.
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In their close relatives of the genAgis, 2. MATERIALS AND METHODS
unmated queens mature their ovaries very

slowly compared to mated queens; how- The M. quadrifasciatabees used in our
ever, virgin queens introduced into orphanegxperiments were obtained from colonies
colonies after double Cfmarcosis develop maintained in hives at the Federal University
their ovaries as fast as mated queens (Eng@js Vigosa, Minas Gerais State, Brazil. The
et al., 1976). Queens in the stingless begontrolled matings and the establishment of
Melipona quadrifasciatare born with the new colonies (newly mated queen plus
small, inactive ovaries. Virgin queens keptyorkers) were carried out accordingly to
with food and workers do not mature theirthe technique described by Camargo (1972a,
ovaries, and eventually die or are killed by1976). We took combs with brood close to
the workers in a few weeks; also, differentlyemergence to obtain virgin queens and
from Apis they do not respond to G@eat-  workers, each comb being kept separately in
ment (Melo, unpublished data). a Petri dish. Mature males were collected
) } inside the hives and were also kept in Petri
In M. quadrifasciata the queens mate gishes until mating. All the Petri dishes had
only once and during mating the male loseg circular filter paper covering the bottom
his genitalia, leaving it attached to theand a small container with diluted honey.
queen’s genital chamber (Kerr and Krause, o
1950; Kerr et al., 1962; Silva et al., 1972). The virgin queens were 1-3 days old and
According to Silva et al. (1972), the detachedn€ matings took place in a small wooden
male genitalia are removed by the queen heR0X (11x 8 x 3 cm) covered with a trans-
self soon after returning from the matingP@rent plastic lid. The bees were mated one
flight. Single mating seems to be the rulgP@r at a time. After mating, the queens were
in stingless bees (Peters et al., 1999). [EvRPserved under a dissecting microscope to
dence for multiple mating found by PaxtonCheck the position of the male genitalia in
et al. (1999) might be due to mating withtheir genital chamber and were marked with

hysogastric queens (see Campos and Mef@ Paint spot in the mesoscutum. Each mated
EgéO)Qduring artific(:ial distu?bance of queen was transferred to a Petri dish with

colonies]. Also, judging from the relatively 20 newly born workers plus food (honey and

uniform morphology of the male genitalia in pollen fromM. quadrifasciatacolonies or

- : oneybee pollen fermented with quadri-
stingless t_)ee_s (Mlc_hener, 1_999), loss of th ascigtapoﬁ)en seed). Every day. q15 newly
ma_lle genitalia during mating is prObanyborn workers were added t(') the new
universal among them.

colonies. Eight days after mating, the queens
The role of the detached male genitalia i nd workers were transferred to a wood box

stimulating ovarian activation in recently (20 % 20 x 6 cm) supplied with food and

mated queens . quadrifasciatawas first soft cerumen. All the experimental material
noticed in an earlier unintentional experi-(C0MPs, males and new colonies) was kept
ment when controlled matings were beindn a incubator under 28 °C.

carried out for a genetic study: two out of The different treatments consisted of

four queens had the male genital capsulgemoving the mating plug (detached male

manually removed one day after matinggenital capsule) from the queen genital

these two queens showed no ovarian actchamber at different intervals after the mat-

vation 30 days after mating, while the twoing. The time intervals used are shown in

unmanipulated queens had already matureThble | (treatments 1 to 7). In treatments 6

their ovaries and started oviposition. Thisand 7, the queens were manipulated 10 and
unexpected result gave us the impetus tb3 days, respectively, after mating. The

carry out further investigations. experimental queens were taken from the
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Table I. Influence of the experimental removal of the mating plug on ovarian activation in queens of
Melipona quadrifasciataTreatment: time interval between mating and removal of male genitalia;
n: number of queens submitted to each treatment.

Treatment Time between n  Number of queens Number of queens Number of queens
mating and removal that did not show that showed that died before
of male genitalia ovarian activation  ovarian activation the mean period for

the onset of oviposition

1 5 hours 2 2 - -
2 1 day 2 - - 2
3 3 days 5 4 1 -
4 5 days 4 - 3 1
5 6 days 3 1 1 1
6 unknown 2 - 2 -
7 unknown 2 - 2 -
8 Controf 4 - 4 -
Total 24 7 13 4

T Queens in treatments 6 and 7 had no attached male genitalia when examined 10 and 13 days, respectively, after
mating; * non-manipulated queens.

Petri dish (or from the wood box for treat- 3. RESULTS
ments 6 and 7) and had the male genitalia
removed, if present, with the aid of a very All the queens from treatments 1 to 5 had

fine forceps under a dissecting microscopd€ male genitalia attached to their genital

The queens were returned to their respe&n@mber when they were manipulated.

tive colonies immediately after the manip-QUeeNs from treatments 6 and 7 had no male

ulation. Queens in treatments 3 to 7 werd€nitalia when examined, indicating that the
; male genitalia was lost or removed between
held with the help of a cotton ball to pre-

t direct contact with fi . K six and 10 days after mating, under our
vent direct contact with fingers, since wor “experimental conditions.

ers older than 2 to 3 days can discriminate )
and kill non-physogastric queens that have The results of the different treatments are

been touched with bare fingers (Melo summarized in Table I. In treatment 1, the

. Wwo queens were observed for a total period
unpu'bllshed data). The contr.ol treatmenéf, respectively, 25 and 29 days, and did not
consisted of queens not manipulated afteéxhibit any activation of their ovaries.

mating. The queens were fqlloweq for atQueens in treatment 2 died three and eight
Ieas.t 25 days to obserye their ovarian m%ays after the mating, without any sign of
uration and to determine when they initi-o\arian activation. In treatment 3, only one
ated egg laying. Ovarian maturation wagyueen fully developed her ovaries, while
eVaIuated through INCrease In the Volum%e four remaining queens St|” had unde_
of the metasoma. After this period, some ofieloped ovaries 2In(= 2), 24 and 30 days
the queens had the number of spermatozegter mating, respectively. One out of three
in their spermatheca counted, using the techyueens in treatment 5 showed ovarian devel-
nique described by Camargo (1972b).  opment; the other two died eight and 18 days
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Table Il. Time, in days, elapsed between matthe frequency in which the queens had their
ing and onset of oviposition in queens ofpvaries activated differs significantly
Melipona quadrifasciata between these two categories when apply-
ing a contingency tesB(= 9.027p< 0.01;

Treatment n Time (in days . )
( ys) cases involving premature death excluded).
j % 15 1é5 420 The negative result obtained in treatment
5 1 ’ 15an 5 might be related to another experimental
: 5 16 and 21 effect: an increase in mortality rate among
] ; e sz P the manipulated queens. Although it was
8 4 12,15, 15 and 19 considered a negative result, since the queen

died 18 days after mating without showing
any significant ovarian activation, her rela-
tively early death might have been caused by
experimental manipulation. The two queens
of treatment 2, one in treatment 4, and one in
treatment 5 died before the average inter-
after mating, respectively. Finally, all theval taken by the control queens to mature
gueens in treatment 6, 7 and 8 (control) fullytheir ovaries and start oviposition. They died
developed their ovaries and began oviposibetween 3 and 8 days after mating and had
tion 16.2 days, on average, after matingno signs of ovarian activation. Melo and
(Tab. I1). Santana (unpublished data) also found a

The sperm counts revealed that two Conh|gher mortality rate in an experiment where

trol queens had 682500 and 885000 spef€ quéens had the mating plug removed a
ew hours after mating and were put to

matozoa, respectively, in their spermathec : o
They were physogastric and had just beguﬁarl'nate after tITa(;. dAS tr;e .t'? otfhthe gent;taha
oviposition. Two other queens, one froma'ves are pulied deeply Into the membrane

treatment 1 and one from treatment 3, ha8f the queen’s gemta} chamber, the forceq
emoval of the genitalia may cause the acci-

990000 and 1027500 spermatozoa, respe ' g
tively. Both queens had small, undevelope ental perforation of the membrane and indi-
. ' rectly death of the queen. Membrane per-

ovaries. )

forations caused by the valves seem to be
involved in the death of physogastric queens
of M. quadrifasciatawhen mated experi-
mentally with several males (Campos and

o Melo, 1990).
Although the sample size is small for

most treatments, the results indicate that the The genital capsule ®. quadrifasciata
experimental removal of the mating plugmales seems to provide only mechanical
on the first days after mating inhibits ovar-stimulation. The pressure exerted by the gen-
ian activation or strongly decreases thdtalia valves onto the queen’s genital cham-
chances that it will happen. The mating plugoer walls could provide the necessary stim-
seems to exert a strong influence on the firatlus, via nervous system, to activate
days (from one to three days) and after thiproduction of juvenile hormone by ther-
period it does not affect ovarian activationpora allata as has been demonstrated in
despite continuing to be attached to the queasther insects. IDiplopteracockroaches, for
for a few more days. If the data presenteéxample, egg maturation is mechanically
in Table | is collapsed into only two treat- stimulated through copulation and virgin
ment categories — (1) capsule removed befofemales develop their ovaries when artifi-
day 4 and (2) capsule removed after day 4 eial spermatophores are inserted into their

Total 13 mean = 16.2; sd = 2.44

4. DISCUSSION
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bursa copulatrix; ovarian activation, how-artificially inseminate them after they

ever, does not occur when the ventral nervbecome physogastric. Matings with radia-
chord is severed prior to mating (Engelmanntion-sterile males, followed by normal ovar-

1959). ian maturation and oviposition, have been
successfully carried out M. quadrifasciata

ing have been implicated in triggering(Melo’ unpublished data). Also, Campos

ovarian maturation in a number of insectsand Melo (1990) have shown that egg-lay-

(Eberhard, 1996). We do not believe, how!"9 queens ifM. quadrifasciataremain

ever, that such substances are involved iﬁtr:)):fr:OI?ngc;(r::iy gf‘rﬁ:tglzeogf receiving and
ovarian activation in queens bf. quadri- 9 P :
fasciata Although the seminal vesicles are

transferred together with the male genital?ésumé Lactivation ovarienne des

capsule during mating (Kerr and Krause, "> - . :

1950: Camargo, 1972a), complete transfer fN€S deMelipona quadrifasciataHyme-
male products to the female reproductivé!©Ptera, Apidae) déclenchée par la sti-
tract apparently takes less than one hour (t@ulation du bouchon d’accouplement.
results from the sperm counts indicate thapn N connait rien des facteurs qui déclen-

the experimental treatments did not inter€hent Factivation ovarienne chez les abeilles
fere with sperm transfer). Also, the soft tis-S&ns aiguillon. Lors d’une expérience pre-
sues associated with the male capsule d§Fdente, dans laquelle on pratiquait des
outin a few hours and it seems unlikely thaficcouplements controlés pour une étude de
the capsule would continue to release an§€nétique, on a pour la premiere fois remar-
significant amount of a substance capablgU€ € role du bouchon d’accouplement

of interfering with the queen’s physiology. (capsule génitale male qui se détache) dans
la stimulation de I'activation ovarienne chez

Silva et al. (1972) and Camargo (1972ajjes reines dMl. quadrifasciataécemment
reported that queens bfelipona quadri-  fgcondées : on a retiré manuellement la cap-
fasciataandM. quinquefasciatayet rid of  gje génitale male a deux des quatre reines
the male_ gen!taha soon after returning from,, jour aprés I'accouplement ; ces reines
the mating flight. Our results do not sup-yont présenté aucune activation ovarienne,
port their observations, since under oubjors que les ovaires des deux reines non
experimental conditions the male gen'tahanipulées avaient mdri et que celles-ci
capsule remained attached to the queen for &kajent mises a pondre. Ce résultat inat-
least six days. Judging from the descriptioRe gy nous a décidé a faire d’autres expé-
given in Silva et al. (1972), these authorsjences, Dans I'étude présentée ici, 24 accou-
might have taken the elimination of the,jements controlés ont été effectués selon
whitish soft tissues attached to the male gerny technique décrite par Camargo (1972a,

ital capsule as evidence for removal of thq976) et les différents traitements ont

capsule itself. consisté a retirer le bouchon d’accouple-
The findings reported here have impli-ment de la chambre génitale de la reine a
cations for the development of techniqueslivers intervalles de temps aprés I'accou-
of artificial insemination irMelipona  plement (traitements 1 a 7, cf. Tab. I). Les
Although a way of triggering ovarian acti- résultats montrent que le retrait manuel du
vation inMeliponaqueens without involv- bouchon d’accouplement durant les trois
ing mating might be found in the future, onepremiers jours aprés I'accouplement inhibe
alternative way to carry out artificial insem-I'activation ovarienne ou diminue fortement
inations in these bees would be to matées chances qu’'elle ait lieu (Tab. I). Aprés
gueens with males made sterile by higtcette période, le bouchon n’affecterait pas
dosages of radiation (60 to 80 krad) and thelactivation ovarienne méme s'il reste encore

Seminal products transferred during mat
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attaché quelques jours. Les produits sémdie nicht manipulierten Kéniginnen ent-
naux transférés au cours de I'accouplementickelte Ovarien hatten und bereits Eier
sont impliqués dans le déclenchement diegten. Diese unerwartete Beobachtung ver-
I’activation ovarienne chez un certainanlasste uns weitere Versuche zu machen.
nombre d’insectes (Eberhard, 1996). Nougs wurden 24 kontrollierte Paarungen nach
ne pensons pas que de telles substancgsr Methode von Camargo (1972a, 1976)
soient impliquées dans l'activation ova-durchgefiihrt. In verschiedenen zeitlichen
rienne des reines dé¢. quadrifasciataLa  Abstadnden nach der Paarung wurde der
capsule génitale des malesMequadri-  Begattungspfropf (abgetrennte Genitalkap-
fasciatasemble ne fournir qu'une stimula- se| der Mannchen) aus den Genitalkammern
tion mecanique. !_a pression exercee par leger Koniginnen entfernt. Die Zeitabstande
valves des génitalia sur les parois de |8jnd in Tabelle | (Versuch 1-7) angegeben.
chambre genitale de la reine pourrait fournilach diesen Ergebnissen verhindert die Ent-
le stimulus nécessaire, via le systeme nefarnung des Begattungspfropfs innerhalb
veux, pour activer la production d’hormoneger ersten 3 Tage die Reifung der Eierstocke
juvénile par les corpora allata, comme celgyger mindert zumindest die Chance, dass

Ia été montré chez d'autres insectes. NOgje Reifung einsetzt (Tab. I). Nach dieser
résultats ne confortent pas les observatio itperiode scheint er keinen Einfluss mehr

de Silva et al. (1972) et de Camargo (1972a),, hapen, obwohl normalerweise der Pfropf

selon lesquelles les reinesMequadrifas- ,,ch menrere Tage in der Konigin verbleibt.
ciataetM. quinquefasciatae débarrassent Substanzen aus dem Ejakulat sollen bei vie-

des g,en'tgl“? male? gel;’de t((ajmps apres g, |nsekten die Reifung der Ovarien aus-
e o et ofBsen Eberhard, 1968) Wi gauben icht
sule génitale méle est restée attachée a %SS solche Subs(t:ia?zer! bei fje.r _Ovarakn-
reine pendant au moins six jours. vierung vori\/l._ quadari asuataKomglnnen
eine Rolle spielen. Von der Genitalkapsel
der M. quadrifasciataMé&nnchen scheint
Melipona quadrifasciata/ abeille sans nur eine mechanische Stimulation auszuge-
aiguillon / développement ovarien hen. Der Druck, der von den Genitalklap-
pen auf die Wande der Geschlechtskammer
der Kdniginnen ausgeht, kénnte den not-
Zusammenfassung — Reizung durch den wendigen Stimulus bilden, der tber das Ner-

Begattungspfropf bewirkt eine Aktivie- vensystgm die Produktion von ngemlhqr-
rung der Ovarien bei Melipona quadrifa- MonN bei den Corpora alla_ta aktiviert, wie
sciataKoéniginnen (Hymenoptera, Api- bei and_eren Insekten gezeigt wurde. Unsere
dae). Uber Faktoren, die eine Reifung derErgeb_msse unterstitzen die Beobachtungen
Eierstocke stimulieren, ist bei Stachelloseryon Silva et al. (1972) und Camargo (1972a)
Bienen nichts bekannt. Die Funktion vonnicht, nach denen Koniginnen vbh qua-
Begattungspfropf bei der Stimulation kurzdrifasciataund M. quinquefasciatalie
nach der Paarung vvielipona quadrifa- Genitalkapsel der Mannchen kurz nach der
sciataKoniginnen wurde zufallig bei ande- Riickkehr vom Hochzeitsflug abstreifen,
ren Experimenten beobachtet, die auf Grun@eil unter unseren Bedingungen dieser
genetischer Studien gemacht wurden: Bdpfropf flir mindestens 6 Tage in der Konigin
2 von 4 Koniginnen wurde die mannlicheverblieb.

Genitalkapsel einen Tag nach der Paarung

mit der Hand entfernt. Bei diesen beiden

Koéniginnen hatten sich die Ovarien 30 Tagédymenoptera /Melipona quadrifasciata /
nach der Paarung nicht entwickelt, wéhren&tachellose Bienen / Ovarreifung
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