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The parasitoid Pseudohypocera kerteszi is the most important mortality factor of domesticated 
stingless bees in Central America. This paper describes the first observations on the behaviour of P. 
kerteszi in the nest of Melipona beecheii. The most important types of behaviour of adult females and 
larvae are described, as well as the development of the infestation in the hive. The fluctuation of 
some types of behaviour during the course of the infestation is recorded. 
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Stingless bees (Apidae, Meliponini), just like honeybees (Apidae, Apini) are highly social insects 
with permanent colonies and distinct queen and worker castes. The nest is very complex. It 
contains separated areas for brood production, storage of food and processing of waste material. 
Pollen and honey are stored in special pots that are different from the brood cells (Michener, 1974; 
Sakagami, 1982). The stored food and the brood in the nest of stingless bees represent an attractive 
resource for other animals, that may act as natural enemies of the bees.  

Phorid flies (Diptera, Phoridae) are generally considered as an important mortality factor of 
domesticated colonies of stingless bees in Central America (Nogueira-Neto, 1997; Van Veen et al. 
1990; Sommeijer and De Bruijn, 1994). Phoridae are recently also reported to attack stingless bees 
in Australia (Disney and Bartareau, 1995). The Phoridae are the largest family of the superfamily 
Phoroidea (Disney, 1994). Adults and larvae of many species are parasitoids or specialist predators 
(Disney, 1994; Disney and Bartareau, 1995; Feener and Brown, 1997; Morrison, 1999; Disney et 
al. 2000).  

The widespread Pseudohypocera kerteszi Enderlein is the major pest species of stingless bees 
in Central and South America. The larvae of P. kerteszi are kleptoparasitic on stored food, but they 
may, when their density increases, facultatively feed on the pupae of the bees (Disney, 1994). Salt 
(1929) already reported P. kerteszi larvae feeding on bee pupae and dead adult bees.  

In Central America an attack by P. kerteszi is often the reason for failure in colony 
multiplication by the beekeeper. Damaged stingless bee nests appear to be very attractive, but adult 
flies may also be able to invade intact nests. P. kerteszi adults are attracted to the bee nest, 
probably by the odour of pollen in damaged pots (Robinson, 1981; Roubik, 1982, 1989; Pickel 
(1928) in Disney, 1994; Sommeijer and De Bruijn, 1994; De Jong, 1999). Little is known about 
the behaviour of P. kerteszi and its temporal pattern during an infestation. The objective of this 
paper is to present a description of the behaviour of adults and larvae of P. kerteszi in the colony of 
its host Melipona beecheii. M. beecheii is the most commonly domesticated stingless bee in 
Yucatán, Mexico and Central America. 

MATERIAL AND METHODS 
The observations we have carried out in a colony of M. beecheii, that was housed in a UTOB-hive 
(Sommeijer, 1999) at the Ministry of Agriculture in San Salvador, El Salvador. To enable for 
observations in the hive, glass lids covered the brood chamber and the honey chamber. 
Furthermore the involucrum, surrounding the brood nest had been removed. The organization of 
the beehive during the observation period is presented in Fig. 1. Phorid flies attacked this colony 
from the first day it was installed for these observations. After they entered the hive, we observed 
the behaviour of adult phorid flies. We used continuous recording, all-occurrences focal sampling 
(Martin and Bateson, 1993; Lehner, 1996). All occurrences were recorded on an audio recorder 
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and afterwards analysed. Differences in the occurrence of displayed behaviour by the adult flies 
over time were statistically analysed. Therefore, we compared the occurrence of behaviours in the 
first part of the observation period with the occurrence in the second part of the period. Differences 
between the means were analysed using a T-test, for normal distributed data, and a Mann-Witney 
U-test, for non-normal distributed data. 
 

 

 
Figure 1. Schematic drawing of the UTOB-hive (Sommeijer, 1999) in top view. This hive has two 
components: 1. the honeychamber (HC), which is a shallow drawer of 5 cm high; 2. the broodchamber (BC), 
which is a cubicular box. Bees enter the hive through the flight opening (FO) in the HC where normally food 
storage pots are situated. Bees from the broodnest (B) in the BC can visit the HC through a narrow opening 
between the chambers. Food storage pots (H, honey pots; P, pollen pots and E, empty pots) in this hive, were 
situated in the BC, except for one pollen pot (P). Wastedumps (W) were situated in the HC as well as in the 
BC. 
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Figure 2. a: Pseudohypocera kerteszi female. b: batch of eggs of P. kerteszi. c: larva of P. kerteszi. d: larvae 
of P. kerteszi feeding on the contents of the brood combs (the comb is completely destroyed). 

RESULTS 

Invasion of P. kerteszi in the hive of M. beecheii 
Pseudohypocera kerteszi adults started to enter the colony through the nest entrance, passing the 
guard bee. Female flies entered the beehive and stayed inside to feed and oviposit. After a couple 
of days, a sample of flies was taken to record the sex ratio in the hive. All flies of the sample were 
females (n=101). 

Oviposition by P. kerteszi 

Pseudohypocera kerteszi was observed to oviposit in the hive of M. beecheii throughout the first 
part of the infestation (Fig. 3). Already at the second day after the first invasion, a large number of 
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adult flies were present in the hive (Fig. 2). These congregated near and on the pollen pots as well 
as on the waste dumps. From that day on, flies were observed to deposit eggs on the stored pollen 
in the open pots, on the outside walls of the pollen pots and on the waste dumps (Fig. 2). On the 
fifth day, as the number of adult phorid flies in the hive had become larger (Fig. 3), adults were 
scattered throughout the beehive. However, highest numbers remained on and near the pollen pots 
and on the waste dumps. From now on, adult flies started to invade the broodnest, laying eggs here 
as well. For this, holes were made in the upper brood combs. More adult flies were attracted to 
these holes, which resulted in many contacts between the flies.  

In this phase, eggs of P. kerteszi were deposited throughout the entire hive, including on the 
(wooden) bottom and walls. Eggs were also laid on the propolis deposits and under the broodnest. 
We observed ovipositions also on dead bee pupae, dead adult bees, on the remaining brood combs 
and on the edges of open honey pots. However, most phorid eggs were found on the pollen stores, 
the waste dumps and the brood. In general, bees did not remove these eggs, but a rare observation 
was that two worker bees removed phorid eggs from the propolis deposit.  

During the further stages of the infestation, the holes in the surface of the combs increased in 
size. Through these holes many phorid eggs were now visible. Eggs on the waste dump in the 
brood chamber and on the stored pollen were clearly seen to hatch. As the waste dumps in the 
honey chamber were drying up, the eggs laid here did not hatch. 

 
 

 

 
Figure 3. (a) The numbers of Pseudohypocera kerteszi adults (o) and Melipona beecheii adults (■ ) in the 
hive during the infestation. (b) Schematic representation of the occurrence of the different phorid stages 
during the infestation.  
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Feeding by adults of P. kerteszi 

Adult flies of P. kerteszi were observed feeding from pollen and from the waste dump material as 
soon as they had entered the hive (Fig. 3). When food became scarce, adult flies started feeding on 
dead bee pupae and on dead P. kerteszi adults.  

Larvae: abundance and feeding behaviour 
The first P. kerteszi larvae were clearly visible after the fifth day of the start of the infestation (Fig. 
3). The first larvae were observed in the pollen pots and the waste dumps. The larvae were 
observed feeding on the stored pollen and on the waste dump material. First, larvae were clustered 
and as long as food was present they did not move to other places. Later, fly larvae were also 
present on the brood combs, where they fed on the bee larvae, the bee pupae and the larval food. 
As a result of this feeding the cell contents turn into a flavescent liquid. Finally, severely attacked 
combs disintegrate completely. In the last stage of the infestation, phorid fly larvae have been 
observed in the honey pots. 

Pupae: abundance 
Full-grown phorid fly larvae moved to dry parts of the hive (e.g. walls and involucrum sheets 
around the broodnest). Here they pupated. The pupae were becoming abundant after the second 
half of the infestation (Fig. 3). Pupae were attached to all substrates in the hive: they were present 
on the brood, on the waste dumps and on the outsides of the pollen pots. Pupae were also observed 
on the bottom of the hive but they have never been observed directly on the pollen. 

Phorid fly behaviour 
During the infestation the following types of behaviour were performed by adult phorid flies: 

 
Contact with other fly a fly touches another fly 
Eating  food ingestion, moving mouth parts 
Walking moving over the substrate 
Give way clearing the way for approaching bee  
Sitting no locomotion and no external activity 
Flying 
Move front legs rubbing front legs against each other or against thorax Move body parts 
Move hind legs rubbing hind legs against each other or against thorax Move body parts 
Move body moving body or parts of the body Move body parts 
Move wings wing vibrations without flying Move body parts 
Move ovipositor sliding ovipositor out and in, without oviposition Move body parts 
Oviposition egg laying Move body parts 
Hiding moving under a nest structure and thereby moving out of sight 

 
The temporal occurrence of the different behaviours displayed by the adult flies is shown in Fig. 4.  

The occurrence of behaviours is different for the first and the second part (i.e. <day 10 and 
>day 10) of the infestation only for ‘Mutual contact’ (p=0.041, F=5.493), ‘Hiding’ (p=0.042, Z= 
-2.030) and ‘Oviposition’ (p=0.046, Z= -1.994). From Fig. 3 it is clear that after the first phase of 
the infestation mutual contact between flies decreases, as well as oviposition behaviour. Hiding 
under objects in the hive increases in the second part of the infestation. 

DISCUSSION 
Our results indicate that males do not enter the beehives. The observation of Portugal-Araújo 
(1977) that the mating of P. kerteszi takes place in the air is supported by this. Polidori et al. 
(2001) observed males of Megaselia oxibelorum following females searching for a host nest, but 
never observed males entering a nest of the sphecid host, Cerceris arenaria, of this phorid fly. 
After females of P. kerteszi enter the hive of M. beecheii, they directly start to feed on the pollen 
stores and to lay eggs on the pollen stores and the waste dumps. It is still not very clear whether 
females need a pollen meal or not before they are able to oviposit. Fig. 4 however, shows that 
initially oviposition behaviour is displayed at a higher rate than eating behaviour, indicating that 
females that enter the hive are able to oviposit directly. 
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Figure 4. The daily occurrence of eight types of behaviour during the course of the infestation. 

 
 
 
Egg laying initially takes places on the pollen stores and on the waste dumps. When food 

becomes scarce, phorid fly adults also start to lay eggs on the brood. Chaud-Netto (1980) stated 
that phorid fly larvae feed on stored provisions of the bees and later become facultative predators 
of the (pre-)pupae of the bees. He attributes this shift to other feeding sources to the increasing 
larval density of the flies. The results of our study indicate however that larvae generally feed at 
the place were they are hatching. Eggs are first laid on the food provisions and only later (when 
food becomes scarce or density of the phorid population increases) eggs are deposited directly on 
the brood. Consequently the larvae also show this temporal pattern of presence. Phorid pupae are 
generally found in the dryer parts of the nest and never directly on the pollen. Full-grown larvae 
leave the humid substance on which they were feeding in order to pupate. Probably pupae of P. 
kerteszi prefer to be attached to solid substrates. Clearly, the pupae are firmly attached to the 
substrate. 

Mutual contact between adult flies, oviposition behaviour and hiding behaviour in the hive of 
M. beecheii show a significant difference between the first ten days and the last ten days of the 
infestation. During the last phase of the infestation mutual contact is significantly lower then the 
first ten days. This is the result of the decreasing number of adult flies (Fig. 2). Oviposition 
behaviour also decreases during the last ten days. This could also be influenced by decreasing food 
availability (for phorid larvae) in the nest. Apparently P. kerteszi does not oviposit in nests were 
food has already been eliminated. Food becomes scarce, resulting in the departure of the flies from 
the hive and no new phorids enter the hive. Orientation mechanisms such as phototaxis might 
switch direction during the respective phases of adult live (for example prior to and after mating). 

Our results already have some implications for the practice of meliponiculture. Obviously, the 
serious damage by the invading flies is already within the first days of the attack. Control methods, 
in order to be effective, should prevent the undisturbed development of the first infestation after 
the start of the invasion. A drastic invasion should be prevented. It is clear from our results that 
only the first generation of invading flies is causing damage. The adults emerging as offspring 
from these invading phorids depart from the hive without ovipositing in the hive. In our study the 
offspring did not contribute to the damage. 
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