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AbStrAct. We investigated hygienic behavior in 10 colonies of 
Plebeia remota, using the pin-killed method. After 24 h the bees had 
removed a mean of 69.6% of the dead brood. After 48 h, the bees had 
removed a mean of 96.4% of the dead brood. No significant correlation 
was found between the size of the brood comb and the number of dead 
pupae removed, and there was no apparent effect of the origin and the 
condition of the colony on the hygienic behavior of the bees. Plebeia 
remota has an efficiency of hygienic behavior superior to that of three 
of the other four stingless bee species studied until now.
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INtroductIoN

Apis mellifera workers are capable of detecting diseased, infected, damaged or 
dead brood, uncapping the cells and removing the affected larvae and pupae. This capa-
bility is known as hygienic behavior (Rothenbuhler, 1964a,b); since this behavior makes 
honey bees more resistant to diseases and parasites, it has become of great interest for 
apiculture (see Boecking and Spivak, 1999).

Hygienic behavior had been considered exclusively a characteristic of A. mellifera 
(Michener, 1974). Some species of stingless bees also have this capability, though it has 
been little investigated. The only stingless bee species whose hygienic behaviors have 
been measured so far are Melipona beecheii, Scaptotrigona pectoralis (Medina and Rat-
nieks, 2001), Melipona quadrifasciata and Tetragonisca angustula (Tenório, 1996). Dif-
ferences in efficiency were found among the species. While S. pectoralis removed 97% 
of dead brood within 48 h, T. angustula, M. beecheii and M. quadrifasciata removed only 
10, 66, and 1%, respectively, using the freeze-killed brood assay. Tenório (1996) found 
different results for the same species using the pin-killing method. The bees removed the 
dead brood faster when the brood was killed by freezing.

These studies did not relate the behavior of removing the dead brood to a dis-
ease. Nogueira-Neto (1999) reported a case of mortality of late-stage larvae or prepupae 
of Scaptotrigona postica, T. angustula, Plebeia spp, Cephalotrigona capitata, and M. 
quadrifasciata, as well as the response of adult M. quadrifasciata workers: they either re-
moved the cell caps but left the dead immatures inside them, removed the dead immatures 
from the cells but left them on the surface of the brood combs, or they removed the dead 
immatures from the colony. He also observed holes in the brood combs in the affected 
colonies. These holes were due to removed cells. The response of the colonies to this 
disease problem was not homogenous; each colony had a different response. Some were 
more affected than others. There is strong evidence that hygienic behavior of stingless 
bees is a reaction to diseases and might play an important role on disease control.

Although there have been some reports about diseases in stingless bees, especially 
by Nogueira-Neto (1999), there have been virtually no studies about them.

We examined the hygienic behavior in a Brazilian stingless bee, Plebeia remota, and 
determined the efficiency of this behavior. We also examined some factors (strength of the col-
ony based on population size and number of food pots) that could influence this efficiency.

MAterIAL ANd MetHodS

Plebeia remota

This species is found in the southern part of Brazil, occurring in the States of 
Minas Gerais, São Paulo, Paraná, Santa Catarina, and Rio Grande do Sul (Wittmann and 
Hoffmann, 1990; Silveira et al., 2002; Mouga, 2004). Its behavior has been studied for 
more than 10 years, mainly foraging (Imperatriz-Fonseca, 1985; Hilário, 2005; Nunes-
Silva, 2007) and reproductive diapause, a period when the bees do not construct brood 
cells and the queen does not oviposit (van Benthem et al., 1995; Ribeiro et al., 2003). In 
general, diapause begins in April and finishes in August (Ribeiro et al., 2003).
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Methods

Ten colonies of P. remota were used in the experiment; five were from Cunha (23°05’S, 
44°55’W; São Paulo State), three from Prudentópolis (25°13’S, 50°59’W; Paraná State) and two 
from natural swarms captured at the University of São Paulo Campus in São Paulo (23°33’S, 
46°43’W). Seven were installed inside lab facilities and three were located outside. The colonies 
were housed inside wood nest boxes, and those installed inside the lab facilities had flight tubes 
to the outside. The nests were not artificially heated and during the experiments the bees were not 
artificially fed. The tests were made in March 2006, at the end of the summer and approximately 
one month before the beginning of reproductive diapause.

The colonies were classified, by comparison, as weak, medium or strong, according to the 
size of population (number of bees: few, average or numerous) and the number of food pots (few, 
average or numerous). The pin-killing method (Newton and Ostasiewski Jr., 1986; Gramacho and 
Gonçalves, 1994) was used to measure hygienic behavior. Twenty-five brood cells (containing 
pupae) were used in each treatment (25 perforated cells and 25 non-perforated cells - control). The 
relationship between brood comb size (in number of cells) and the number of killed pupae removed 
after 24, 48, and 120 h was analyzed by the Spearman correlation coefficient.

reSuLtS

Plebeia remota displayed hygienic behavior as a reaction to killed brood; no colonies 
removed brood cells from the control region of the comb. After 24 h, the bees removed a mean of 
69.6% of all the dead brood. Some colonies (40%) did not remove all the dead brood within 24 h, 
but did so within 48 h. At 48 h, the bees had removed a mean of 96.4% of the dead brood (Figure 
1; Table 1).

There was no significant correlation between the number of cells removed and the size 
of the brood comb (r = 0.34, P = 0.33). Also, there was no apparent effect of colony origin and 
condition (weak, medium or strong) on the hygienic behavior of the bees. Possibly, maintaining 
the colony inside or outside the lab may have influenced the results (Table 1); however, a greater 
number of colonies would need to be evaluated to determine if such an effect exists.

While the brood comb was removed and manipulated, some cells often became acciden-
tally uncapped, because of the pillars of cerumen that connect the combs to the pots and the walls 
of the hive. These uncapped cells were capped again within 24 h, indicating that damage to the 
capping is not a stimulus for removing the brood.

dIScuSSIoN

Plebeia remota, as found for the four other species of stingless bee studied, displayed 
hygienic behavior when killed brood was present. However, this behavior was not related to any 
parasite or disease. Currently, virtually no disease or parasite of stingless bees is known.

This species removed more dead brood than Melipona beecheii (66%), and had an ef-
ficiency similar to Scaptotrigona pectoralis (97%; Medina and Ratnieks, 2001). After 120 h, only 
one colony had not removed all dead brood. Plebeia remota was faster at removing dead brood 
than M. beecheii (nine days to remove 100%), but slower than S. pectoralis (three days; Me-
dina and Ratnieks, 2001).
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Figure 1. Result of the hygienic behavior test performed in Plebeia remota colonies. Colony I: A. Comb with pin-
killed brood on the left side; b. Comb 24 h after the return to the nest. Colony H: c. Comb with pin-killed brood on 
the left side; d. Comb 24 h after the return to the nest. Colony D: e. Comb with pin-killed brood on the left side; F. 
Comb 24 h after the return to the nest; G. Comb 48 h after the return to the nest. Colony E: H. Comb with pin-killed 
brood on the left side; I. Comb 24 h after the return to the nest; j. Comb 48 h after the return to the nest.

Colony 24 h (%) 48 h (%) 120 h (%) Location Number Quantity Colony Brood
    of the hive1 of bees of food pots condition comb size2

A     0   96 100 Inside Few Few Weak   355
B     0   72 100 Outside Average Average Medium   596
C   40 100 100 Outside Few Few Weak   503
D   76   96   96 Inside Numerous Average Medium   839
E   92 100 100 Inside Numerous Numerous Strong   700
F   92 100 100 Inside Average Average Medium   493
G   96 100 100 Outside Average Few Weak   601
H 100 100 100 Inside Numerous Numerous Strong 1084
I 100 100 100 Inside Numerous Few Medium   634
J 100 100 100 Inside Numerous Average Medium   483

table 1. Percentage pin-killed brood cells uncapped and with brood removed in the treatment area after 24, 48 
and 120 h, depending on the location and the conditions of the colonies of Plebeia remota. 

1Inside or outside the laboratory; 2number of cells.
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Plebeia remota proved to be more efficient at removing dead brood than M. quadri-
fasciata (around 1% after 72 h, in relation to pupae with white eyes) and Tetragonisca angus-
tula (around 10% after 48 h and 30% after 72 h, for pupae with white eyes; Tenório, 1996), 
at least in removing pupae killed with the pin-killing method. Tenório (1996) also tested the 
hygienic behavior of these species with the freeze-killed brood assay, using two larval stages. 
Except for the tests with freeze-killed brood, P. remota removed dead brood faster than did 
M. quadrifasciata and T. angustula. It appears that Melipona species are slower at removing 
dead brood than do S. pectoralis, P. remota and T. angustula, and thus have a less efficient 
hygienic behavior. However, we do not know why there are such differences between species. 
One hypothesis is that different species have distinct sensitivities and consequently different 
responses to dead or diseased brood, as do hygienic and non-hygienic bees (Masterman et al., 
2000, 2001) and hygienic bees of different ages (Gramacho and Spivak, 2003). Another factor 
affecting hygienic behavior is the internal state of the colony, at least in honey bees (Spivak 
and Gilliam, 1993). Consequently, the population of the colonies could be one of the reasons 
why there are differences in the performance of hygienic behavior among different species. 
We found no apparent relationship between the internal condition of the colony and the effi-
ciency of hygienic behavior in P. remota; however, this aspect deserves more detailed study.

These bees are capable of detecting and distinguishing dead brood, as indicated by 
the recapping of the cells containing live brood, and damages to the cell caps do not stimulate 
removal. The recapping of cells with undamaged or dead brood was previously observed in A. 
mellifera (Gramacho, 1995; Corrêa-Marques and De Jong, 1998).

We conclude that Plebeia remota is capable of effective hygienic behavior, which 
confirms that this behavior exists in stingless bees, acting as a mechanism of resistance against 
disease, as stated by Medina and Ratnieks (2001). The hygienic behavior of this and other 
stingless bee species deserves more detailed study, as do stingless bee diseases.
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