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Scientific note
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polygyny / relatedness / reproductive skew / stingless bees

Stingless bees are highly eusocial bees, and are
characterised by having perennial colonies that are
typically headed by one single-mated queen (Peters
et al., 1999). The main exception to this pattern is
found in Melipona bicolor, which is the only stin-
gless bee species discovered so far to exhibit fac-
ultative polygyny, whereby several queens may co-
exist and share reproduction inside the colony for
considerable periods of time (Bego, 1989; Velthuis
et al., 2006). Aside from that, there are, for a few
stingless bee species, also some anecdotal reports
of temporary, transient episodes of polygyny (e.g. in
M. scutellaris, Carvalho-Zilse and Kerr, 2004; Ple-
beia droryana, Silva, 1972; and P. wittmanni, Witter
and Wittmann, 1997), which are usually associated
with queen replacement events. Here we report on a
novel case of occasional polygyny in the stingless
bee M. quadrifasciata, in which an exceptionally
high number (8) of egg-laying queens were found to
coexist inside the same colony. In addition, and in
contrast to some of the earlier studies demonstrating
occasional polygyny in stingless bees, which were
purely based on observations, we provide the first
genetic data about the reproductive partitioning and
relatedness among these different queens.

The polygyne M. quadrifasciata colony was
first discovered by a beekeeper of stingless bees,
Mr. Cleiton Geuster, in Luzerna, Santa Catarina
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state, where he maintained a total of 9 colonies of
this species. In July 2009, the colony was found
to be headed by a single mother queen, but one
month later it underwent a queen supersedure event
whereby the old queen died and 8 newly mated
queens were adopted. Subsequently, the polygyne
colony, containing around 1000 workers, was trans-
ferred to the University of São Paulo, Ribeirão Preto
for further study. Polygyny was maintained for a to-
tal of ca. 4 months, after which the colony adopted
a new queen and reverted back to a monogynous
state.

To determine how the reproduction was parti-
tioned among the different queens and to find out
whether or not they were related (daughters of the
previous queen, as opposed to unrelated social par-
asites), we collected female brood (n = 168 fe-
male pupae) as well as wing tips from all eight
physogastric queens for further genotyping. In ad-
dition, we also genotyped 22 foragers which given
their age were most likely the offspring of the re-
placed mother queen, and we sampled 10 worker
pupae from each of the remaining eight colonies
kept in the apiary. Subsequently, DNA was ex-
tracted using the Chelex method and samples were
genotyped at four microsatellite markers, T4-171
(Paxton et al., 1999), Mbi-201 and Mbi-278 (Peters
et al., 1998) and Mru-03 (Lopes et al., 2009), us-
ing multiplex PCR reactions and a touchdown PCR
programme, as described previously (Alves et al.,
2009). PCR amplification products were run on a
3130 Avant capillary DNA sequencer and alleles
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Table I. Genotypes of the physogastric queens of the polygyne Melipona quadrifasciata colony and the
inferred genotype of their superseded mother and her mate.

Queen
Genotypes at locus

T4-171 Mbi-201 Mbi-278 Mru-03
SC 9-a 109/109 165/168 185/188 128/128
SC 9-b 109/109 165/168 185/188 118/128
SC 9-c 109/109 165/168 185/188 118/128
SC 9-d 109/109 162/168 185/188 118/128
SC 9-e 109/109 165/168 185/188 118/128
SC 9-f 109/109 162/168 185/188 118/128
SC 9-g 109/109 165/168 185/188 118/128
SC 9-h 109/109 165/168 185/188 128/128
Inferred parental genotypes: 109/109 × 109 162/165 × 168 185/185 × 188 118/128 × 128

or 188/188 × 185

were identified using the supplied GeneMapper
software. SPAGeDI was used to calculate the ge-
netic relatedness among the workers (r) (Hardy and
Vekemans, 2002), following the estimator given in
Queller and Goodnight (1989). The genetic related-
ness among workers was then used to estimate the
effective number of laying queens (Ne) inside the
nest, Ne = (3−G)/(4r−G), where G is queen-queen
relatedness (Pamilo, 1991), as well as the mater-
nity skew, using the index S = (Nt − Ne)/(Nt − 1),
where Nt is the total number of queens inside the
colony (8). This skew index ranges between 0 (no
skew) and 1 (one queen carries out all reproduction)
(Pamilo and Crozier, 1996).

Loci were reasonably polymorphic, with 5, 3, 2
and 7 alleles detected and mean expected heterozy-
gosities of 41.08%, 62.18%, 38.52% and 77.67%
at loci T4-171, Mbi-201, Mbi-278 and Mru-03, re-
spectively. For 8 out of 9 of the studied colonies,
the genotypes of the worker pupae were consistent
with the colonies being headed by a single once-
mated queen, as is typical for stingless bees (Peters
et al., 1999). In addition, the genotypes of the newly
established queens in the polygyne colony demon-
strate that they were almost certainly full-sisters and
therefore daughters of the previous queen (Tab. I).
The genotypes of 19 out of 22 of the foragers geno-
typed from this colony were consistent with them
being derived from the superseded queen. A small
number of foragers (3/22), however, had genotypes
that were incompatible with either the genotype of
the superseded queen or that of any of the currently
established queens, which means they had proba-
bly drifted from other hives nearby (cf. Peters et al.,
1999; Palmer et al., 2002). The average related-
ness among workers in the polygyne colony, calcu-

lated from the genotypes of worker pupae, was low,
r = 0.30, consistent with multiple laying queens be-
ing present. Indeed, the estimated effective mater-
nity was 5, which was very high, although slightly
lower than the observed absolute number of queens,
8. The reproductive skew estimated from these fig-
ures was S = 0.43, which was significantly higher
than 0, expected if all queens would have shared re-
production equally.

Our study is the first to demonstrate occasional
polygyny in M. quadrifasciata, one of the most
intensely studied species of stingless bees. The
high effective number of laying queens (5) that
we found in this rare polygyne colony was re-
markable, given that even in M. bicolor, the aver-
age effective number of laying queens in polygyne
colonies is only ca. 1.5 (D.A. Alves, unpubl. data),
and that in other stingless bees where occasional
polygyny has been found, normally no more than
two laying queens coexist at the same time (Silva,
1972; Witter and Wittmann, 1997; Carvalho-Zilse
and Kerr, 2004). We suggest that these occasional
episodes of polygyny may occur when multiple
virgin queens emerge and leave on their mating
flights around the same time, thereby exploiting the
short window during which newly mated queens
may be accepted by the workers (Koedam, 1995;
Wenseleers, 2004). In Melipona, this might not
be so uncommon given the high levels of queen
overproduction that are found in this genus (Kerr,
1969; Santos-Filho, 2006), caused by larval caste
self-determination (Bourke and Ratnieks, 1999;
Wenseleers and Ratnieks, 2004). If several such
queens can simultaneously seize the chance to start
reproducing, this will evidently provide them with
large individual fitness benefits. Nevertheless, it is

212 D.A. Alves et al.



unlikely to raise the productivity of the colony as a
whole, given that in stingless bees, the cell building
rate and not queen fecundity limits total colony pro-
ductivity (Velthuis, 2006). Indeed, it may well be
due to this tension between individual and colony-
level interests that polygyny is not more common
in stingless bees. Nevertheless, a better understand-
ing of the processes leading to occasional episodes
of polygyny might well end up providing novel in-
sights into the evolution of more permanent polyg-
yny in other species of social Hymenoptera.
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Note scientifique : première découverte d’une
rare colonie polygyne chez l’abeille sans ai-
guillon Melipona quadrifasciata (Apidae, Melipo-
nini).

Eine wissenschaftliche Notiz: Erstbeschreibung
einer seltenen polygynen Kolonie der stachello-
sen Biene Melipona quadrifasciata (Apidae, Me-
liponini).
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