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This paper describes the egg laying behaviour of workers and queens of M. bicolor. Three kinds of 
eggs are laid by these bees: reproductive eggs by queens and reproductive and trophic eggs by 
workers. As in many other stingless bees, a laying worker may lay a reproductive egg in the same 
cell after the queen oviposits. The worker then seals the cell. In M. bicolor, however, the following 
can also occur: (1) laying workers succeed each other at the cell; (2) each successive laying worker 
eats the egg(s) inside the cell, then lays her own egg and starts sealing the cell. This succession of 
events may imply the re-opening of an already sealed cell. Up to 16 subsequent ovipositions have 
been observed at a single cell to date. Trophic eggs, on the other hand, are eaten by the queen. 
Because they are much richer in proteins than the eggs laid by the queen, trophic eggs are 
considered specialized rather than abortive. They represent the evolution of cooperation, in 
contrast to the reproductive worker egg which stands for competition within the colony. 
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Social behaviour is the evolutionary answer to harsh environmental conditions that make it 
difficult for solitary individuals to reproduce. Cooperation among conspecifics may improve 
individual reproductive success and, if the partners in such a cooperation are related, fitness may 
be gained in indirect ways (Gadagkar, 1997). Indirect fitness, in turn, contributes to the evolution 
from originally similar females to the morphologically different castes of queens and workers. 

In most advanced social insect species with distinct castes, the workers retain their ovaries 
and, under specific conditions, maintain the capacity to produce eggs from which males may 
develop. In some species, such male production occurs simultaneously with male production from 
the queen's eggs, and thus overtly represents the intraspecific competitive origin of sociality. 
Concurrently, the behaviour of the partners in the colony may be characterized by the presence of 
elements of an aggressive nature. In other species, the ovaries of the workers become activated, 
resulting in oviposition, only when the queen is no longer able to lay eggs and the colony is 
approaching its end. In such cases, the competition between workers and queens with regard to 
direct reproductive success has a more covert nature, while that between the workers may still be 
prominently present. 

Workers of many species of stingless bees produce eggs. These eggs come in two types: 
trophic eggs and reproductive eggs from which males develop. In his paper on Scaptotrigona 
postica, Beig (1972) described how the workers reproduce. He noted that, before starting their 
rotating on and sealing of a cell, the workers would sometimes lay one of their own eggs in the 
cell. This sneaky behaviour of workers laying a reproductive egg has since been observed in 
several other species of stingless bees. Beig (1972) also observed how an eclosing larva destroyed 
the other egg or larva present in the cell, thus ensuring that the food in the cell was available for 
the development of a single individual.  

In order to understand the cooperative and competitive nature of the two egg types, one must 
consider the details of the interactive performances of the workers and the queen preceding and 
during oviposition. Sakagami (1982) termed this interaction the Provisioning and Oviposition 
Process (POP). The present paper concentrates on the genus Melipona, and more specifically on 
the species M. bicolor, and foregoes the variations that occur in other genera. 

After Melipona workers construct a new brood cell, the queen and some workers gather 
around it. The presence of the queen stimulates the workers to regurgitate the food present in their 
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crop into the cell. After a number of such regurgitations, the cell apparently contains enough food 
to stimulate egg laying in both the queen and two specific classes of workers. This paper discusses 
the processes of trophic and reproductive egg laying by these workers and egg laying by the queen. 
Video material of these processes was shown at the meeting. Here we will give compact 
descriptions of the various types of egg laying sequences and present our views on the origin and 
function of the behaviours. 

DESCRIPTIONS OF THE DIFFERENT TYPES OF POP 

The simple POP 
The simplest POP is characterized by an immediate oviposition by the queen. After the workers' 
last deposition of food into the cell, the queen inserts her head into the cell orifice and withdraws it 
after a few seconds. In doing so, she moves a bit backward. She then immediately moves forward, 
which allows her to place the tip of her abdomen into the cell. The queen remains on the cell for 
about half a minute. During this time some repeated abdominal contractions are seen. She then 
moves forward, leaving behind an egg standing onto the food. A worker soon comes and closes the 
cell. She does this by inserting the tip of her abdomen into the cell orifice and, while rotating on 
the cell, presses the cell rim against her abdominal tip using her mandibles. The more the cell rim 
bends inward, the more she retracts the abdominal tip. Closing of the cell is completed in this way 
within one or a few minutes. The worker then stands on or next to the cell and works the cell cover 
with her mandibles for several more minutes. If she leaves the cell before the closing and polishing 
is finished, another worker will take her place. A rotating or polishing worker is never pushed from 
her cell by such a worker. 

Trophic egg-laying 
This type of egg-laying occurs after the food has been deposited in the cell. The queen, after 
having inserted her head into the cell, retreats and usually waits at a greater distance from the cell 
than during the provisioning. Workers come to the cell, insert their heads and then disappear from 
the comb. Sometimes, the queen approaches the cell again for a quick inspection and retreats, 
staying oriented towards the cell several cell diameters away.  

Finally, a worker inserts her head into the cell and, in a quick sequence of retreat and advance, 
positions herself on the cell. She faces away from the centre of the comb, puts her abdomen into 
the cell orifice, anchors herself on the comb with extended hind legs, and lays a trophic egg. A few 
abdominal contractions can be seen. This egg laying takes about 4 sec, after which the worker 
leaves both the cell and the area. The interval between the queen's first inspection of the cell and 
the egg-laying by a worker can take up to 10 min.  

The queen usually already approaches the cell with the laying worker still on it and waits for 
the worker to leave. She then quickly inserts her head into the cell and consumes the egg. 
Following this, the queen may either return to her original position away from the cell, awaiting 
further worker ovipositions, or make the forward movement that brings her abdomen above the 
cell and results in oviposition. After oviposition, the queen leaves the area and a worker comes to 
rotate. 

It may happen that, after having retreated from the cell for some min, but without the 
appearance of a trophic egg layer, the queen approaches the cell, inserts her head, probably 
consumes some of the food and then oviposits as described under 1. 

The reproductive worker egg 
This kind of egg is laid by a worker that behaves quite differently than the trophic egg layer. The 
reproductive worker is often already present near the cell during its provisioning or, in case the 
queen retreats after the provisioning, she may arrive in the post-provisioning subphase. This 
worker may repeatedly insert her head into the cell, but always retreats afterwards. She only lays 
an egg after the queen has done so. As soon as the queen has left the cell, the reproductive worker 
positions herself on the cell in the same posture as the trophic egg layer. Her oviposition, however, 
usually takes a bit longer. Unlike the trophic egg layer this worker keeps her abdominal tip inside 
the cell and seals it by rotation. The worker may also make a few rotational movements before 

 



 H.H.W.VELTHUIS, Z. PEREBOOM, D. KOEDAM & V.L. IMPERATRIZ-FONSECA 51 

oviposition, then assume the distinctive ovipositional stance before sealing the cell. Another 
sequence that may occur is when one worker starts cell sealing, but is forcefully pushed from the 
cell by a reproductive worker, who, after oviposition, continues cell sealing. Whatever the 
sequence, the result is that two eggs are present in the cell, one laid by the queen and the other by 
the worker. 

While the complete cell sealing by a non-reproductive worker usually takes about 5 min and 
sealing may be performed by two or more successive workers, the reproductive worker stays with 
her cell and works uninterruptedly for 15-30 min unless disturbed. Her cell sealing appears to be 
much more dedicated and precise.  

Cell conquests and re-openings 
Other variants of worker reproductive behaviour are often seen in M. bicolor, perhaps because it 
concerns a species that is facultatively polygynous. The first is that, while a reproductive worker is 
in the process of sealing the cell in which she just oviposited, another reproductive worker takes 
over the position on top of that cell. This occurs in the following manner. The second worker 
stands next to the sealing worker who, as a consequence of her activity, is constantly moving over 
the cell. As soon as the sealing worker leaves a bit of cell free, the second worker occupies it. This 
continues until the second worker occupies the entire top of the cell; no overt aggressiveness is 
seen. Once replaced, the first worker leaves the cell area and the second reproductive worker either 
widens the orifice of the cell should there still be one or tears open its waxy covering. As soon as 
the opening is wide enough, the new worker sticks her head into the cell and devours any eggs 
present in the cell. She then proceeds to oviposit and repeat the cell closure. 

Cells may also be re-opened after a worker has completed the cell sealing and has already 
moved away. This occurs most frequently if the cell contains just a worker-laid egg. Like above, 
the egg(s) inside is/are eaten before a new worker egg is laid and the cell is sealed. We observed 
sequences of up to 16 eggs being laid and removed from a single cell (see Velthuis et al., 2002). 
Provisioning, oviposition by the queen, and cell sealing can occur simultaneously in a nearby cell 
without any disturbance to the laying worker. Laying workers appear to be able to distinguish 
between the cells and to prefer the one containing the worker egg, even when the cell has already 
been closed. 

DISCUSSION 
The capacity of workers to lay eggs is reminiscent of an evolutionary past, when colony members 
were supposedly more similar. In a competitive environment, subordinate females can either lay 
eggs that are removed by dominant females, or refrain from laying their eggs. These eggs are then 
reabsorbed. Egg removal and egg resorption are the solutions seen in many species of social 
insects. Based on this, it could be suggested that the trophic eggs of the Meliponini are degenerated 
reproductive eggs, and that their deposition constitutes an intermediate expression of competition. 

The Melipona queen, however, not only removes the egg, she also eats it. This detail caused us 
to suppose that eating the egg is one way for the queen to receive proteins, and thus facilitate her 
own egg production (Velthuis, 1992). To test this, we gathered more information about the 
quantitative aspect of this protein transfer. Measurements, to be published in more detail 
elsewhere, showed us that the trophic worker egg of M. bicolor contains, on average, 178% of the 
amount of protein found in a queen's eggs. The worker's reproductive eggs, in contrast, contain, on 
average, only 72%. Clearly, trophic eggs are specialized eggs, not just reproductive ones that are in 
a state of degeneration. 

Another indication that trophic eggs are specialized rather than aborted can be found in both 
worker and queen behaviour. The worker who lays a trophic egg does not protect and defend it. 
She does not seal the cell, she just moves away after ovipositing it. In contrast, the worker who 
lays a reproductive egg stays on the cell and seals it meticulously. In particular, it is the behaviour 
of the queen that supports the functionality of trophic eggs: she moves away from the cell once it 
contains sufficient food, as if inviting trophic egg layers to come and oviposit. She then eats the 
eggs. Based on the large amount of protein in trophic eggs, the queen must eat six of them in order 
to produce ten of her own. This is indeed the ratio we found. 
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Reproductive worker eggs are laid only after the queen oviposits. Moreover, reproductive 
workers close the cell right after they lay an egg and resist the queen should she come to the cell 
for inspection. Why is it then that these workers do not use the opportunity to oviposit when the 
queen, by retreating, "invites" workers to lay a trophic egg? Reproductive worker eggs resemble 
those of the queen in that they have a similar reticular chorion pattern that is covered by the same 
hydrocarbons and fatty acids. It is the reticulate patterning and the chemical properties of the 
chorion that allow the eggs of the queen to stand vertically on the food. The reticulate pattern on 
worker eggs, however, is less strongly developed (Koedam et al., 2001) and also in its chemical 
covering worker eggs are inferior. Compared to queen's eggs they have only 50% of the 
hydrocarbons and 25% of the fatty acids (Jungnickel et al., 2001). These differences may make the 
worker egg less stable on the food. The presence of a queen's egg, therefore, lends support to the 
worker egg, thus giving it more stability (Velthuis & Velthuis, 1998). This might also be the 
reason why the worker does not consume the queen's egg prior to her own egg laying. Improved 
stability and survival during the egg stage might be a trade-off for the competition that occurs 
between the two individuals when they emerge from the eggs. Interestingly, however, subsequent 
egg laying involves the removal of all eggs present in the cell, and the last egg that is laid has to 
maintain a vertical position on its own. Koedam et al. (2001) found that six out of seven such 
reproductive worker eggs produced a larva, indicating that egg survival is relatively high. The fact 
that so many of the worker eggs are eaten by subsequent laying workers suggests that there may be 
another factor involved. For example, a pheromone may be present on or near the queen's egg, that 
is absent from reproductive worker eggs. The function of this pheromone could be to attract a 
worker to seal the cell (the extended abdomen of the queen makes it impossible for her to do this 
herself). At the same time, it could inhibit the eating of this egg. A freshly laid queen egg, 
therefore, can also protect a worker egg laid next to it. This protection could diminish, however, 
through evaporation, leaving little difference between an egg stemming from a worker and an egg 
stemming from the queen. 

So far, we have only seen the subsequent removal of both eggs in M. bicolor, a process that 
has even involved the re-opening of the cell. M. bicolor is also the only species in the genus that is 
polygynous, a condition that reduces the relatedness among the workers. It remains to be 
demonstrated whether these two elements of the biology of this species are associated. 
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