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Africanized honey bees are efficient at
detecting, uncapping and removing dead brood
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ABSTRACT. The hygienic behavior of honey bees is based on a
two-step process, including uncapping and removing diseased,
dead, damaged, or parasitized brood inside the cell. We evaluated
during periods of 1 h the time that hygienic and non-hygienic
colonies of Africanized honey bees spend to detect, uncap and
remove pin-killed brood using comb inserts with transparent walls
placed in observation hives. We observed that hygienic colonies
are significantly faster in detecting, uncapping and removing dead
brood in the cells (P < 0.001).
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INTRODUCTION

The hygienic behavior of Apis mellifera consists of the detection by workers of diseased,
dead or damaged brood. This detection is normally followed by the uncapping of the cells and
selective removal of the abnormal brood. Hygienic behavior is genetically controlled by two pairs
of recessive genes (u = uncapping and r = removal). When in homozygosis (uu/rr), they allow the
bee to detect and to remove the abnormal brood (Rothenbuhler, 1964a,b). Though other research-
ers have suggested different numbers of genes responsible for the control of this behavior (Moritz,
1988; Gramacho, 1999; Lapidge et al., 2002), the hypothesis of Rothenbuhler is the only one that
has been experimentally proved.

Considerable intra-colonial variability is found in 4. mellifera colonies, due to the large
number of males that mates with each queen (Adams et al., 1977), leading to the production of
several subfamilies inside a colony (Page and Robinson, 1991). All colonies are able to detect and re-
move diseased or dead brood, but at different rates (Gramacho and Spivak, 2003). The expression of
this behavior can vary at the colony or the individual level (Spivak et al., 2003). Typically, bees from
a hygienic colony uncap and remove abnormal brood faster than those from a non-hygienic colony.

Though it is a very relevant behavior for disease tolerance, the mechanisms used by bees
to identify dead or diseased brood are not well understood.

Masterman et al. (2001) demonstrated through proboscis extension reflex experiments that
hygienic bees can discriminate between healthy and diseased brood at lower thresholds than non-
hygienic bees. Gramacho and Spivak (2003) also found that bees that are uncapping cells are more
sensitive to odors than those that are removing the brood.

Gramacho (1999) was the first to study the uncapping and removal time of dead brood in
colonies of A. m. carnica. Palécio et al. (2005) evaluated the time that selected hygienic and non-
hygienic colonies of European bees spend to uncap and remove dead brood in observation hives;
they concluded that hygienic colonies are much more efficient than are non-hygienic colonies.

It is well known that Africanized bees are resistant to brood diseases and that one of
the factors that lead to this resistance is their accentuated hygienic behavior. We examined
the time for uncapping and removal of dead brood by hygienic and non-hygienic colonies of
Africanized honey bees.

MATERIAL AND METHODS

Seventy colonies of Africanized honey bees were tested for hygienic behavior using
the pin-killing test (Newton and Ostasiewsk, 1986, modified by Gramacho and Gongalves,
1994). These colonies were classified into three different groups according to the percentage
of removed brood after 24 h. Those that removed a mean of 80% or more of the dead brood
were classified as hygienic (H) colonies and those that removed a mean of 40% or less were
classified as non-hygienic (NH). The colonies that removed between 41 and 79% were clas-
sified as intermediate and were not used in this study. These percentages were obtained from
three consecutive tests, with an interval of 15-20 days between them.

The four H and four NH colonies with the most extreme values were selected and
queens were produced from two colonies of each type. They were instrumentally insemi-
nated with the semen of about 10 drones, which were produced by the other two colonies
and introduced into four-frame-Langstroth nuclei. After 60 days, two H and two NH ob-
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servation hives were mounted using bees from these colonies in order to measure the time
for uncapping and removal of the dead brood.

For better visualization of hygienic behavior, the observation hives were adapted with
the introduction of a small “spinning frame”. This consists of a small piece of comb inserted
between two glass plates that measure 2.5 cm x 15 cm x 5 mm, with a small wood block at
each extreme (Figure 1). These spinning frames were introduced into normal Langstroth hives
in our apiary in Ribeirdo Preto (21°10°06”S 46°51°36”W). When the brood was between 10
and 14 days old, the spinning frame was removed from the colonies, the brood was pin-killed
using a number 1 entomological pin and the spinning frame was introduced into the obser-
vation hive. The spinning frame allows observation of the whole process of uncapping and
removal, facilitating the visualization of the contact between adult bees and the dead brood
during the hygienic process.

Figure 1. A. Small spinning frame with pupae between 10 and 14 days old. B. Small spinning frame inserted in a
normal frame inside an observation hive.

Ten pupae were killed for each of the three tests and the uncapping and removal stages
were recorded using the methodology proposed by Palacio et al. (2005). We inspected the re-
moval stages at intervals of 1 h, from 0 h until the complete removal of the dead brood.

The following codes were used to identify the uncapping stages: U0 - Only the hole
made by the pin-killing test was detected. No honey bee activity was detected. U1 - Less than
half of the capping were removed. U2 - Fifty percent of the capping were removed. U3 - More
than half of the capping were removed. U4 - The cell was completely uncapped.
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The stages of removal were identified as follows: RO - The worker brood was un-
touched. R1 - The honey bees began removal but the worker brood was still inside the cell.
R2 - Less than 50% of the worker brood were removed. R3 - Fifty percent of the worker brood
were removed. R4 - More than 50% of the worker brood were removed. RS - Less than 50% of
the worker brood remained in the bottom of the cell. R6 - Worker brood was totally removed.

Sixty cells were analyzed for each group (hygienic and non-hygienic) and the mean
times of detection, uncapping and removal were compared using the Mann-Whitney test.

RESULTS

We compared the stages of uncapping and removal of H and NH bees. The H bees
were significantly faster at detecting dead brood in the cells than the NH bees (P < 0.001)
(Table 1). We considered the time of detection the moment when the brood was first uncapped
in any stage. Within 1 h after the beginning of the test, 43% of the dead brood had already been
detected in H against 25% in NH. After 3 h, 93% of the dead brood had already been detected
in H against 70% in NH. The maximum time that a brood remained undetected was 6 h in H
against 28 h in NH (Figure 2).

Table 1. Total time spent by hygienic and non-hygienic Africanized bees for detecting, uncapping and removing
the dead brood in hours since the perforation of the brood.

Hygienic Non-hygienic
Total detection time 0.90+1.13 2.93+487°
Total uncapping time 2.20 + 1.50° 5.65 +5.34°
Total removal time 5.95+3.16* 12.40 +5.79°

Different letters in the same row indicate significant differences (P < 0.001).
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Figure 2. Time of detection of the pin-killed brood by hygienic and non-hygienic bees in observation hives.
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The total time of uncapping was significantly different in H and NH (P < 0.001)
with H being more efficient (Table 1). After 1 h, 43% of the dead brood were completely
uncapped in H and just 7% in NH. The most pronounced difference between two observa-
tion times was 2 h after perforation, when 67% of the brood in H colonies were already
uncapped against 25% in NH colonies. The maximum time to uncap a cell was 7 h in H
and 29 h in NH (Figure 3).
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Figure 3. Total time of uncapping of dead brood by hygienic and non-hygienic Africanized bees after the perforation
of the cell.

The total time until removal of the dead brood was also significantly shorter in
H colonies than in NH colonies (P < 0.001; Table 1). NH colonies took 6 h to completely
clean out the first brood cell. At this time, 53% of the dead brood had already been re-
moved by H colonies. The most pronounced difference between the two groups in this
task occurred 8 h after perforation, when 87% of the brood had already been removed in
H colonies and just 32% in the NH colonies (Figure 4). The maximum time to remove a
dead pupa by the H colonies was 15 h, while the NH colonies took 35 h. The H colonies
removed two dead pupae less than 10 min after perforation, demonstrating the great sen-
sibility of these bees.
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Figure 4. Time of removal of the dead brood by hygienic and non-hygienic Africanized bees after the perforation
of the brood.

DISCUSSION

Though hygienic behavior has been very well studied, most of research has focused on the
final efficiency of the colonies, and the intermediate steps of this behavior have been little studied.
We analyzed hour by hour the stages of uncapping and removal of the dead brood to determine if
there are differences in these intermediate stages in H and NH honey bees. As the hygienic colonies
were more efficient in detecting the dead brood inside the capped cell, there may be some physio-
logical differences between the two groups. In fact, differences in the olfactory discrimination ability
between H and NH honey bees have been found using proboscis extension reflex studies (Master-
man et al., 2001). Gramacho and Spivak (2003) found that the number of olfactory structures in the
antennae is slightly higher in hygienic bees, though the differences were not significant.

Hygienic bees are also more efficient in uncapping and removing dead brood, indicating
that there are also behavioral differences between the two groups. Pereira RA, Morais MM, Fran-
coy TM and Gongalves LS (unpublished results) showed that non-hygienic bees spend more time
idle than do hygienic bees. This may explain the greater efficiency of hygienic bees in uncapping
and removing dead or damaged brood.

Gramacho (1999), studying the time of uncapping and removal of dead brood in A.
m. carnica, found that the bees started to work on the perforated cell after 2 h. Palacio et al.
(2005) observed that 1 h after pin killing of the brood, bees already detect the dead brood. We
found that some dead brood was already uncapped and removed after 5 to 10 min, indicating
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the great sensibility of Africanized hygienic bees. Accentuated hygienic behavior apparently
is one of the most important factors contributing to the great disease resistance of these bees
(Shimanuki et al., 1991).

The intermediate stages of hygienic behavior were first studied by Gramacho (1999),
at intervals of 2 h, using Langstroth hives and by Palacio et al. (2005), using observation hives.
Gramacho (1999) evaluated the uncapping and removal stages until 10 h after perforation and
Palacio et al. (2005) observed until 6 h after perforation. Both studies also checked removal 24
h after perforation. Gramacho (1999) found removal rates of between 1 and 31.6% 6 h after pin
killing and Palécio et al. (2005) found 64% removal in H colonies and 26% in NH colonies.
We found that H colonies removed 58% and NH colonies removed only 8% of the dead brood.
Though both experiments (Gramacho, 1999; Palacio et al., 2005) were done with honey bees
of European origin, a fair comparison is only possible with the data from Gramacho (1999),
since she reported real percentages while Palacio et al. (2005) reported relative percentages.
We conclude that the efficiency of hygienic behavior is higher in Africanized bees, not only at
the final stage, but also during the intermediate phases.
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