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ABSTRACT. In 4pis mellifera, hygienic behavior involves recognition and
removal of sick, damaged or dead brood from capped cells. We investigated
whether bees react in the same way to grouped versus isolated damaged
capped brood cells. Three colonies of wild-type Africanized honey bees
and three colonies of Carniolan honey bees were used for this investigation.
Capped worker brood cells aged 12 to 14 days old were perforated with
the pin-killing method. After making holes in the brood cells, the combs
were placed back into the hives; 24 h later the number of cleaned cells was
recorded in areas with pin-killed and control brood cells. Four repetitions
were made in each colony. Isolated cells were more frequently cleaned than
grouped cells, though variance analysis showed no significant difference
(P =0.1421). Carniolan bees also were somewhat, though not significantly
more hygienic than Africanized honey bees (P = 0.0840). We conclude that
honey bees can detect and remove both isolated and grouped dead brood.
The tendency towards greater hygienic efficiency directed towards grouped
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pin-killed brood may be a consequence of a greater concentration of vola-
tiles emanating from the wounds in the dead pupae.
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INTRODUCTION

Hygienic behavior in Apis mellifera consists of the removal of killed, sick or damaged
brood from the brood nest by the workers. This behavior is important for the population dynamics
of these bees because it can retard or avoid the development of diseases in the bee colony. One
of the methods used for evaluation of hygienic behavior is perforation of the brood (pin-killing
method). Through this method, the brood is damaged or killed with an insect pin, which is used to
pierce the sealed brood cells through the center of the cell cap, penetrating the body of the pupa.
This injury provokes removal of the damaged or dead brood by hygienic worker bees. According
to Rothenbuhler (1964a,b), hygienic behavior is genetically controlled by two pairs of recessive
genes, which in homozygosis allow the bees to identify the sick or killed brood inside the capped
cells and remove them. The bees that execute this behavior are considered to be hygienic bees.
In spite of the pioneering scientific contribution of Rothenbuhler (1964a,b) and other scientific
contributions on the same theme (Trump et al., 1967; Message, 1979; Message and Gongalves,
1980; Milne, 1983, 1983a,b, 1985a,b; Newton and Ostasiewsky, 1986; Gilliam et al., 1983, 1989;
Spivak and Gilliam, 1993; Gramacho, 1995; Gramacho and Gongalves, 1994, 1996; Spivak and
Downey, 1998; Gramacho, 2004), it is still not clear what mechanisms (physical factors, chemi-
cal factors) are responsible for the identification and removal of sick, damaged or dead brood
inside the cells or how the bees proceed with the removal of the brood. As part of our effort to
better understand the details of this behavior, we examined whether grouped dead capped brood
(perforated worker brood cells within a small area in the comb) and isolated dead capped brood
(separated perforated brood cells) are equally affected by honey bee hygienic behavior.

MATERIAL AND METHODS

This experiment was carried out in the apiary of the Department of Genetics, Uni-
versity of Sao Paulo, Ribeirdo Preto Campus, Brazil. Three colonies of wild-type African-
ized honey bees (a predominantly African (Apis mellifera scutellata) polyhybrid that in-
cludes less than 10% European Apis mellifera) and three colonies of Carniolan bees (Apis
mellifera carnica), descendants of mated queens of the Experimental Apiary of the Uni-
versity of Hohenheim, Germany, were used. The experiment was repeated four times. For
evaluation of the hygienic behavior the methodology of perforation of brood cells was used
(pin-killing method), based on Newton and Ostasiewsky (1986), modified by Gramacho
and Gongalves (1994). Combs containing capped worker brood cells aged 10 to 14 days old
were taken from each colony. In this comb, an area containing about 100 capped worker
brood cells was delimited and divided into two equal areas of about 50 cells (side A of the
experimental comb). In the first (Figure 1A), about 50 capped worker brood cells were per-
forated (grouped cells) with a number 2 insect pin and in the second (Figure 1B), about 50
capped worker brood cells were left without perforating, as a control. On the opposite side

Genetics and Molecular Research 8 (2): 744-750 (2009) ©FUNPEC-RP www.funpecrp.com.br



K.P. Gramacho and L.S. Gongalves 746

of the experimental comb (side B) in an area also of capped worker brood cells, 50 randomly
distributed isolated brood cells were individually perforated.
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Figure 1. A. Comb with capped worker brood cells of Africanized honey bees used for the hygienic behavior test
shows an area with about 100 grouped capped worker brood cells distributed in two identical (lozenge shaped) areas,
with 50 cells each. The lozenge to the left (a) consists of grouped brood cells that were perforated with an insect pin and
the lozenge to the right (b) presents control (not perforated) grouped brood cells. B. Results of the hygienic behavior
test made with Africanized honey bees 24 h after pin killing the grouped capped worker brood cells. The lozenge to
the left (a) contains all the pin-killed brood that was already uncapped and the brood removed by the hygienic honey
bees. The lozenge to the right (b) shows the control grouped worker brood cells still capped after 24 h.

For each comb cell containing pin-killed brood on side B, a neighboring capped brood
cell was marked as a control. Both perforated and control cells were mapped for identification.
After perforation of the cells the combs were placed back into the hives; 24 h later the cleaned
cells were registered and the results compared with the control. Colored pins were placed to
the left of each perforated worker brood cell with the objective of identifying, after 24 h, the
isolated cells (Figure 2A and B). For the statistical analysis the data in percent were trans-
formed via arc-sine for comparisons by analysis of variance (SAS Institute, 1995).

Figure 2. A. Comb of capped worker brood cells of Africanized honey bees with isolated brood cells that were
perforated separately with an insect pin. A colored pin was placed to the left of each perforated cell to facilitate the
localization of the perforated worker brood cells in the comb. B. Results of the hygienic behavior test 24 h after the
perforation of the isolated capped worker brood cells. The perforated worker brood cells were uncapped and the
brood removed by the hygienic honey bees within 24 h. In some cases the hygienic bees even removed the insect
pins (see arrows pointing to uncapped cells near which the colored insect pins had been removed).
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RESULTS AND DISCUSSION

The method of perforation of brood with an insect pin used in the studies of the hy-
gienic behavior usually causes liberation, from the damaged brood, of body fluids that come out
through the hole made by the pining in the worker brood cell capping. Some volatile substances
also come out. Gramacho et al. (1999) observed that liberation of body fluid is not the main fac-
tor that causes removal of the damaged brood; though it certainly influences the rate of brood
removal, as also found by Spivak and Downey (1998), who tested the effect of hemolymph
from live pupae and from dead frozen pupae of Italian bees. Consequently, we can suppose
that the removal rate of damaged brood would be proportional to the concentration of body
fluid liberated in that area of the comb. It is possible that a greater liberation of body fluid from
grouped damaged cells would also result in a larger concentration of volatile substances and
that this would provoke a greater rate of removal of damaged brood by the hygienic bees. It is
clear from these published reports that hygienic bees are able to identify damaged or dead brood
and remove them from the brood comb cells. However, the factors that allow the identification
and promote the removal of the damaged brood by hygienic bees have not been established.
The expression of hygienic behavior is highly influenced by environmental factors (tempera-
ture, humidity, comb condition, nectar flow, etc.), chemical factors (pheromones, dead brood
odors, parasitic mite odors, etc.), physical factors (movements, vibration, light, etc.) as well as
by interaction between all these factors (Gramacho et al., 1998; Gramacho, 1999).

Studies have been done on various aspects of hygienic behavior in honey bees. The
hypothesis that has been made is that olfactory cues trigger detection of abnormal brood within
a wax-capped cell; this elicits perforation and uncapping of the cell, and removal of the cell
contents. We have found that hygienic bees can detect the odor of diseased brood at lower
stimulus levels than non-hygienic bees (Masterman et al., 2001). In addition, hygienic bees
can discriminate between the odors of healthy and diseased brood at lower stimulus levels than
non-hygienic bees. This ability to discriminate is important in ensuring that the bees uncap
and remove only diseased brood and not healthy brood. Gramacho and Spivak (2003) studied
the differences in olfactory sensitivity and behavioral responses among honey bees bred for
hygienic behavior. They hypothesized that within a colony bred for hygienic behavior, there are
differences in olfactory sensitivity among bees of the same age. They predicted that bees that
initiate the behavior by perforating an uncapping brood would have a greater olfactory sensitiv-
ity to the odor of the diseased brood, compared to bees that complete the behavior by removing
the uncapped brood from the cells. They also predicted that the initiation of hygienic behavior
depends on the olfactory sensitivity of the bee and the stimulus intensity of the abnormal brood.
Differential olfactory sensitivity and responsiveness among hygienic bees could be the reason
for the apparent partitioning of hygienic behavior into uncapping and removal components.

In our experiment, the grouped cells (about 50 brood cells in one block) constitute a
concentrated area of perforated worker brood cells that probably results in a higher concentra-
tion of body fluid liberated per area than that liberated by the isolated cells (50 brood cells dis-
persed randomly in the experimental comb). The isolated cells were more frequently cleaned
than the grouped cells (Table 1), though variance analysis of the data showed no significant
difference (P = 0.1421). The Carniolan bees were also more hygienic than the Africanized
bees, but the difference was not significant (P = 0.0840). Based on variance analysis, there was
no interaction between honey bee race and treatment (P = 0.7431).
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Table 1. Mean + standard deviation (in %) of hygienic behavior of three colonies each of Africanized and
Carniolan honey bees, based on four repetitions of 100 perforated grouped and 100 isolated worker brood cells.

Grouped cells Isolated cells

Carniolan Africanized Carniolan Africanized

77.17 £16.34 71.83 £16.92 85.67£9.37 78.50 £7.12

We conclude that honey bees can detect and remove both isolated and grouped dead
brood. Hygienic behavior (Figure 3) appears to be more efficient in response to grouped than
isolated damaged brood cells, which would be explained by the hypothesis of a greater con-
centration of volatiles released from the damaged pupae; however, additional research will be
needed to determine if this hypothesis is correct.

100
Bl Grouped cells

Kl Isolated cells

80

60

40

Hygienic behavior (%)

20

D L - s "
Carniolan honey bees Africanized honey bees

Figure 3. Mean + standard deviation (in %) of the hygienic behavior of three colonies of Africanized honey bees
and three colonies of Carniolan honey bees, with four repetitions of grouped brood cells and isolated brood cells.
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