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ABSTRACT. We describe a case of a spontaneously established mixed
colony of two species of stingless bees. The host colony of Scaptotrigona
depilis, an aggressive bee that forms large colonies, was invaded by work-
ers of Nannotrigona testaceicornis, a smaller bee that forms small colo-
nies. The host colony and the invading species colony were maintained
in next boxes about 1.5 m apart. The N. festaceicornis colony had been
recently divided. Observations were made daily for 10 min, and every two
weeks the colony was opened for observations within the nest. Initially the
host colony bees repulsed the invading species, but as their numbers built
up, they were no longer able to defend the entrance. An estimated 60-90 N.
testaceicornis workers lived integrated into the colony of S. depilis for 58
days. During this period, they reconstructed and maintained the entrance
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tube, changing it to an entrance typical of NV. testaceicornis. They also col-
lected food and building material for the host colony. Nannotrigona tes-
taceicornis tolerated transit of S. depilis through the entrance, but did not
allow the host species to remain within the tube, though the attacks never
resulted in bee mortality. Aggression was limited to biting the wings;
when the bees fell to the ground they immediately separated and flew
back. There have been very few reports of spontaneously occurring mixed
stingless bee colonies. It is difficult to determine what caused the associa-
tion that we found; probably workers of N. testaceicornis got lost when we
split their colony, and then they invaded the colony of S. depilis.

Key words: Stingless bees; Behavior; Communication;
Mixed colony; Nestmate recognition

INTRODUCTION

Mixed colonies represent a form of interaction between social organisms, in which
one species participates in the social organization of another species (Nogueira-Neto, 1950;
Michener, 1974). Since the beginning of the last century, artificially formed mixed colonies
have been used for bionomics studies in ants (Forel, 1923 apud Nogueira-Neto, 1950; Carlin
and Holldobler, 1983; Errard, 1984; Vienne et al., 1992), termites (Dropkin, 1946) and bees
(Plath, 1934; Munakata and Sakagami, 1958; Tan et al., 2006).

Kerr (1948 apud Nogueira-Neto, 1950) was the first to produce such artificial
mixed colonies in stingless bees, joining two species of the genus Melipona. Thereafter,
Nogueira-Neto (1950) and Silva (1977) performed extensive studies on this subject and
Juliani (1967), Rezende (1967) and Oliveira and Imperatriz-Fonseca (1973) used this
technique to study the bionomics of stingless bees of the genus Plebeia, focusing on the
provisioning and oviposition process.

Mixed colonies also occur naturally, as has been observed in some species of ants
(King and Sallee, 1959; Czechowski, 2001) and bumblebees (Michener, 1974). In sting-
less bees, a single case of a natural mixed colony has been described so far (Roubik, 1981).
The other cases that formed spontaneously did not occur in natural nests, but in colonies
kept in nest boxes where they are constantly disturbed by management (Nogueira-Neto,
1950; Pianaro et al., 2007). Therefore, the latter cases are considered as spontaneous
mixed colonies, but not as natural mixed colonies. The “spontaneous” term means that
the association was not formed artificially, as in the events reported by Kerr, 1948 apud
Nogueira-Neto, 1950 and Silva (1977). On the other hand, our colony may also not be nat-
ural because human disturbance could have caused this situation. We describe the case of
a mixed colony, which formed spontaneously between the species Scaptotrigona depilis
Moure, 1942, and Nannotrigona testaceicornis Lepeletier, 1836. Scaptotrigona depilis is
a small- to medium-sized bee that is very aggressive; if disturbed, it will attack a person 2
m from the colony. During the attack, the bees entangle in the hair of the disturber and bite
him with their mandibles. The colonies of S. depilis are very populous, ranging from 2000
to 50,000 individuals (Lindauer and Kerr, 1960). Nests are built in already-existing cavi-
ties, usually inside trees. Nannotrigona testaceicornis, on the other hand, is a small and
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unaggressive species; the workers hide when are disturbed. The populations of colonies
of N. testaceicornis range from 2000 to 3000 individuals (Lindauer and Kerr, 1960), and
nests are built within already existing cavities, similar to S. depilis. Both these bee species
are commonly found in urban environments of Southeastern Brazil (Souza et al., 2002).

MATERIAL AND METHODS

The host colony of S. depilis was invaded by workers of N. testaceicornis between
July and September 2005, at Uberlandia, MG, Brazil. This colony was kept in a nest box
about 1.5 m from a colony of N. testaceicornis that had been divided one week prior to the
beginning of the invasion. This colony was kept in a nest box and was strong, based on the
intense foraging activity and the quantity of stored food. At a distance of about 1.5 m from the
S. depilis colony, a colony of N. testaceicornis had been split one week prior to the beginning
of the invasion. The mother colony of N. testaceicornis, containing the physogastric queen,
the young bees and all the original structure (new combs, food pots and cerumen), was carried
to a distant place (about 30 m away). The new colony of N. testaceicornis was placed at the
mother colony’s location. It received foragers, four old combs with two royal cells and a few
food pots removed from the mother colony. This recently founded colony was fed weekly with
50% sucrose solution. There was no other colony of N. testaceicornis in the area.

The formation of the mixed colony was accompanied from the beginning of its es-
tablishment until the end of this association. The presence of an observer or a video camera
strongly interfered in the bees’ behavior; after a short period the S. depilis workers started to
attack the observer (or the camera) and the workers of N. festaceicornis hid inside the en-
trance tube of the nest. Due to this fact, the observations were interrupted as soon as such a
disturbance occurred. Observations were made daily for a total of 10 min per day, divided into
irregular intervals due to the reasons explained above. Every two weeks, the hive was opened
for observations within the colony.

RESULTS
External observations

Initially, about four to eight workers of N. testaceicornis were seen trying to enter
the S. depilis colony, but they were fended off by the guards, which tried to bite the invad-
ers. During the subsequent three days, the number of invaders increased to approximately
25 bees. Gradually, they occupied the entrance tube because the defending workers could
no longer repel all the invaders. Although we observed aggressive actions of S. depilis
workers towards the invading N. testaceicornis individuals at the beginning of the inva-
sion, no bees of either species died.

During the time that the mixed colony existed, the N. testaceicornis workers occupied
the entrance tube. However, they allowed a normal flow of foragers of both S. depilis and N.
testaceicornis. Aggressive interactions between the species were observed only when workers
of S. depilis tried to remain in the entrance tube (Figure 1). On these occasions, the S. depilis
workers were bitten on the wings by the N. festaceicornis workers. Generally, the fighting
workers fell out of the entrance tube and untangled immediately.
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Figure 1. Entrance tube of the mixed colony during the day. The arrow indicates a worker of Nannotrigona
testaceicornis biting a worker of Scaptotrigona depilis that tried to stay in the entrance tube.

From the beginning of the association, the only species that worked on the entrance
tube was N. testaceicornis. The cerumen of S. depilis was replaced by cerumen produced by
N. testaceicornis. After a few days the entrance tube had all the characteristics of a typical
N. testaceicornis nest-entrance: a lighter-colored cerumen with small perforations and a soft
texture. During the night, the tube was closed, which is also an attribute of N. festaceicornis
and uncommon in S. depilis (Figure 2). At sunrise, workers of N. festaceicornis opened the
entrance tube and occupied it. Some workers of this species were also observed to forage for
food (pollen and nectar) and for building materials (resins) and to remove debris.
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Figure 2. Entrance tube of the mixed colony during the night. Workers of Nannotrigona testaceicornis closed it
with cerumen. Note the small perforations in the cerumen, characteristic of N. testaceicornis entrance tubes.

Internal observations

Despite the presence of N. testaceicornis workers inside the colony, the internal
nest architecture was kept intact, and S. depilis workers behaved normally. Whenever the
nest was opened, the workers of S. depilis became very excited and attacked the observer.
But even in this situation, there was no aggressive behavior towards the invaders. Both bee
species used the same storage pots, which had size and cerumen characteristic for S. depi-
lis. Workers of N. testaceicornis were seen depositing food into the pots without aggressive
interactions between the species. Sometimes, even trophallactic food exchange between
workers of the different species could be observed. Right after opening the hive, no work-
ers of N. testaceicornis could be seen on the combs. The involucrum, which encloses the
comb region, was disrupted by the opening of the nest box. After a while, workers of .
testaceicornis were observed to crawl onto the recently built combs where they sometimes
tried to bite the physogastric queen of S. depilis, but they never actually did. These biting
attempts did not affect the queen; she would quickly retreat to the bottom of the nest. This
behavior was registered three times and based on the damaged wings of the queen, we
concluded that the queen was not replaced during the observation period. The workers of
S. depilis also showed no aggressive reactions during these biting incidents.
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About two months after the establishment of the mixed colony, the number of workers
of N. testaceicornis gradually diminished; though they were not aggressively expelled by S.
depilis. The entire interaction lasted for 58 days, counted from the first day workers of V. fes-
taceicornis were seen at the entrance tube of S. depilis until the day no more invaders could be
seen in the host colony. Based on the number of bees counted in the entrance tube and inside
the hive, between 60 and 90 workers of N. testaceicornis invaded the colony of S. depilis. No
queens nor males of N. testaceicornis were observed inside the host nest or in its surroundings.
After the end of the association, three other attempts of invasion by four to eight workers of
N. testaceicornis were observed, but they failed. The two colonies of N. testaceicornis did not
change much during this period. The old colony remained strong after splitting. Gradually, the
new colony, which stayed at the original place, became stronger; five weeks after the splitting,
a physogastric queen was seen inside the nest. The colony of S. depilis remained strong and
the queen was not replaced during our observations.

DISCUSSION

In his study on artificially mixed colonies, Nogueira-Neto (1950) concluded that the
tolerance level between two different species is not correlated with their phylogenetic relation-
ship, as he found cases of high aggressiveness between species of the same genus, as well as
cases of low aggressiveness between phylogenetically distant species. However, the experi-
mental conditions varied a lot from one mixed colony to another. Other variables, such as the
presence or absence of a queen in the colony, could have interfered with the results. Evidence
for the importance of the phylogenetic relationship for mixed colonies is given by Oliveira and
Imperatriz-Fonseca (1973). They showed that a colony of Plebeia saiqui accepted combs of P
droryana, but rejected combs of P. remota and N. testaceicornis. According to the molecular
phylogeny proposed by Costa et al. (2003), P. saiqui is more closely related to P. droryana
than to the other two species. In addition, most cases of mixed colonies that formed sponta-
neously also occurred between closely related species: Melipona flavipennis and M. fasciata
(Roubik, 1981); M. scutellaris and M. rufiventris (Pianaro et al., 2007); Trigona pallens and T.
fulviventris (Mateus S, unpublished data). Apart from the present study, only a single reported
case involves bee species from two different genera, Plebeia mosquito and Friesella schrottkyi
(Nogueira-Neto, 1950). However, according to the phylogeny proposed by Michener (1990),
these genera are closely related. Therefore, we conclude that the probability of forming mixed
colonies between two species increases with the degree of their phylogenetic relationship.

Studies on the phylogenetic relationship between Scaptotrigona and Nannotrigona
are contradictory. Although some authors, based on morphological characteristics, concluded
that the relationship between these two bee genera is very close (Michener, 1990; de Cama-
rgo and de Menezes Pedro, 1992), phylogenetic studies based on molecular data point to the
contrary (Costa et al., 2003). In addition to the morphological characters shared by these two
bee genera (Michener, 2000), some chemical features are common to both Scaptotrigona and
Nannotrigona. Hartfelder and Engels (1989) showed that the general composition of the larval
food of these genera is very similar when compared to other genera. Furthermore, pollination
of the orchid Mormolyca rigens by males of both genera through pseudo-copulation indicates
that the pheromones involved in the attraction of the males are similar (Singer et al., 2004;
Flach et al., 2006). These facts point to the possibility that Scaptotrigona and Nannotrigona
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use similar chemical substances for communication. This could explain the observed toler-
ance between workers of these two species in the mixed colony. However, reactions against an
invader sometimes are not evidenced by obvious aggressive behavior, but can be expressed in
a “chemical war”, which is invisible to the observer (Pianaro et al., 2007).

Silva (1977) formed artificial mixed colonies of S. postica and N. testaceicornis,
introducing various elements of a colony into the nest of the other species, including phy-
sogastric queens and combs. Four of six assays were not successful and two were only
partially successful. Apparently, these species do not tolerate each other when a queen or a
comb is exchanged. This could explain our observations that workers of N. testaceicornis
tried to bite the physogastric queen.

Jungnickel et al. (2004) gave an explanation for the difficulties of the guard bees
to quickly recognize invading foragers. Invader workers arriving from the field land very
quickly, in most cases carrying nectar, pollen or resins. The mixture of odors increases
the difficulty for the guard bee to recognize an invader bee. Many invaders even perform
trophallaxis with individuals of the host colony, which raises their possibility of being
accepted by the hosts (Roubik, 1981). This may explain why the foragers of N. festacei-
cornis were accepted in the invaded colony.

As long as the mixed colony of N. testaceicornis and S. depilis remained, neither
queens nor males of N. testaceicornis were observed inside the host nest or nearby. Conse-
quently, it can be assumed that it was not a swarm. Based on our observations of this colony
and on the facts discussed above, we suggest that mixed colonies are formed due to a recogni-
tion error made by both species involved. Invading workers might have become lost because
of some disturbance at the original nest entrance. In this case, the disturbance was the splitting
of the N. testaceicornis nest. Subsequently, the foragers confounded the original nest entrance
with the entrance of another nest, due to its proximity but also due to physical and chemical
similarities with the original entrance. Initially, rejection by the guard bees was observed.
Gradually, however, the chemical characteristics of the invaders might have changed due to
physical contact with the cerumen of the entrance tube and with other elements of the nest
(Breed et al., 1988, 1995). Hence, they may not be recognized as an invader any more. On
the other hand, the invaders recognize the nest as their own nest and start working on it. If the
flow of invading workers from the original nest to the host nest ceases, this association finishes
when all invaders have died.
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