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1. INTRODUCTION

The hygienic behavior (HB) in Apis mellifera consists of the removal of sick, injured
or dead brood of the beehive by the workers (Rothenbuhler, 1964 a,b, Gongalves & Kerr,
1970, Message, 1979). This behavior is also defined as the remotion of any strange
material found by the workers inside of the colony (Message,1979). Moretto (1993)
introduced also the concept hygienic behavior for the workers that removes the mites out
of the infested brood cells. This HB is o highest importance in the dynamic of population of
these bees because it can avoid or hinder the development of brood diseases, being
considered the primary defense of honeybees against American Foulbrood, European
Foulbrood, Chalk brood and Varroose (Park et al,1937; Woodrow & Host, 1942,
Rothenbuhler, 1964a,b; Gilliam et al., 1983 and Spivak & Reuter, 1998). According to
Rothenbuhler (1964 a,b) the HB is controlled genetically by two pairs of recessive genes (u
= uncapping and r = remover) which, as homozygous, allow the bees to identify the sick,
killed or infested brood inside the capped cells and then to uncap the cell and remove the
brood. It is known that the HB has a great variability and is highly influenced by climatic
conditions as humidity, temperature as well as the conditions of the hive (Message, 1979,
Message & Gongalves, 1984 a,b; Gramacho & Gongalves, 1996; Gramacho, Gongalves &
Rosenkranz, 1998). Message (1979) observed that the HB of the bees is accomplished by
three steps instead of two: perforation in which the bees make one or two small holes in
the capped cell, the uncapping and removal of the brood. However, Milne (1985 a)
analyzed this behavior later on and concluded that the perforation would be related to
uncapping and concluded that the HB is controlled for just two pairs of genes. Moritz
(1988) made a reevaluation of the two-locus model for hygienic behavior in honey bees
and mentioned that the genetic mechanism could be more complex. He proposed a model
of 3 loci in which one pair of genes (u = uncapping) as homozygous would be responsible
for the uncapping of the cell and 2 pairs (r1 and r2 = removers) would be responsible for
the removal of the brood. However, this hypothesis was not still proven. Kefuss et al
(1996) believe that the CH is controlled by 20 to 30 genes. However, they consider that
this behavior needs do be better studied. Then, in spite of the unquestionable scientific
contribution of Rothenbuhler (1964 a,b) and of a series of other works done by his
followers, unfortunately still it is not clear how many genes are involved in this
mechanisms, neither how the hygienic bees accomplish the steps involved in the HB and
which factors would be involved in this complex process. Normally the experiments done
on HB only present the final results of the removal of brood in order to classify the colony
as hygienic or not but they do not inform about the steps involved in such behavior. The
objective of the present work was to study the steps or sequences of the hygienic behavior
process of worker honey bees.
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2. MATERIAL AND METHODS

This experiment was done at the University of Hohenheim, Stuttgart-Germany. Four
colonies of Carniolan bees (Apis mellifera carnica) were used, with four repetitions each
15 to 20 days, during the period of June to August 1996.

For the evaluation of the hygienic behavior the methodology of perforation of brood
cells was used (pin-killing method) according to Newton & Ostasiewsky (1986) and
modified by Gramacho & Gongalves (1994). Combs containing capped worker brood cells
aged 10 to 14 days old were taken from each colony. In one side of the comb two area
(6cm x 6 cm) having 100 capped worker brood cells each was delimited. One of this area
was perforated with an insect pin number 1 and the other was left without perforation, as
control. The combs were observed 13 times every two hours until 48 hours after brood cell
perforation, as follow: at Oh, 2h, 4h, 6h, 8h, 10h, 24h, 26h, 28h, 30h, 32h, 34h and 48h.
The observations were done for each of the following characters: 1-number of capped
cells (CC), 2-number of empty cells (EC), 3-number of punctured cells (PC), 4-number of
uncapped cells (UC), 5-number of cells with brood partially removed or cannibalism (BPR)
and 6-association of PC + UC + BPR. The data were collected in two parts. Part 1: data of
the capacity of brood removal by the workers; Part 2: Monitoring of individual brood cells.
For the Part 1 four repetitions were done with the hives 88, 150 and 236 and tree
repetitions wit the colony 301. For the Part 2 it was used the hygienic colony number 236
and the non-hygienic colony number 150. For the Part 2 the first five characters were
coded. Then, the status of each cell was individually monitored and registered at each
observation. One thousand and three hundred observations were registered for each
colony (100 brood cells observed 13 times, each two hours until 48 hours after the
perforation). After the monitoring of the status of each cell observed it was calculated the
frequency of events occurred (characters coded from 1 to 5) in each cell during the 48
hours of experiment. The frequency of the different order or sequences of the characters
registered were estimated. The steps or sequences of the hygienic behavior of the honey
bees for hygienic colony (hive 236) and non-hygienic colony (hive 150) was determined by
the most frequent order of events (characters) registered.

3. RESULTS

Part 1: Capacity of brood removal by the workers

The results are presented in Table 1 and Figures 1-3. It was observed a great
variability in the HB of the four colonies observed (Table 1, Figure 1). 24 hours after the
perforation most of the killed or injured brood cells were practically removed, reaching
about6 80% of removal in the colony 236, about 70% in the colonies 88 and 301 and about
60% in the colony 150. The Z-factor (correction factor) varied between 1 and 4% and
correspond to the natural removal (without perforation). It was observed that the character
6 (PC+UC+BPR) is inversely proportional to the value of the CH. Two hours after the
perforation the workers detect the dead or injured brood and starts to make small holes in
the brood cell. The highest frequency of PC occur 4 hours after the perforation reducing
gradually until 24 hours when reaches 0%. Two hours after the perforation all colonies
present already UC and reaches the highest frequency 4 to 6 hours after the perforation
and 24 hours after perforation most of the cells are already uncapped. About the character
BPR this event occur about 4 hours after the perforation of the brood cells and normally
after the cells being punctured or uncapped. The maximum value of BPR occurs after 10



hours, reaching until 48 hours after the perforation. It was observed that the higher the
frequency of BPR the less hygienic is the colony (Figures 2 and 3).

Part 2: Monitoring of individual brood cells

The steps or sequences of the hygienic behavior of the honey bees for hygienic
colony (hive 236) and non-hygienic colony (hive 150) was determined by the most frequent
order of events (characters) registered in each individual brood cells observed. The five
more frequent sequences for each colony are presented in the Table 2.

The most frequent sequence of events (characters) or steps of the hygienic
behavior both for the hygienic colony (hive 236) and non-hygienic colony (hive 150) was:
capped cell + punctured cell + brood partially removed + empty cell (CC + PC + BPR +
EC). This means that the workers starts the activities related to the hygienic behavior by
puncturing (PC) the capped brood cell (CC), making small holes in it followed by the
uncapping of the brood cell (UC) and by the removal of the brood. The brood can be
partially removed (BPR) or totally removed (EC). Rarely it was observed PC followed by
CC. The results show that there are normally three main steps involved in the hygienic
behavior of the honey bees after they identify the brood inside the cell: the puncturing of
the brood cell, uncapping of the brood cell and removal of the brood.

4. DISCUSSION AND CONCLUSIONS

It was concluded that there is a great variability in the removal process of the
hygienic behavior. It was observed that the character 6 (PC+UC+BPR) is inversely
proportional to the value of the CH. Two hours after the perforation the workers detect the
dead or injured brood and starts to make small holes in the brood cell. The highest
frequency of PC occur 4 hours after the perforation reducing gradually until 24 hours when
reaches 0%. 24 hours after the perforation most of the killed or injured brood cells were
practically removed, reaching 80% of removal in the colony 236, 70% in the colonies 88
and 301 and about 60% in the colony 150. The Z-factor (correction factor) varied between
1 and 4% that correspond to the natural removal. We recommend a 24-hour test to
evaluate hygienic behavior of a colony using correction factor. About the sequence of
events related to the hygienic behavior it was observed that the most frequent sequence is
CC + PC + BPR + EC. This means that the workers starts the activities related to the
hygienic behavior by puncturing the brood cell (PC), making small holes in the capped cell
followed by the uncapping of the cell (UC) and by the removal of the brood that can be
partially removed (BPR) or totally removed (EC). It was observed by us not in this work
that normally the workers remove the brood by eating them (cannibalism) instead of
removing the complete brood. However, we could also see that the workers can also
remove the complete brood without doing cannibalism. Rarely it was observed PC
followed by CC. It was observed that the higher the frequency of BPR the less hygienic is
the colony. The BPR occurs more frequently after the PC and less frequently after the UC
and we suppose that the presence of brood partially removed (BPR) inside the cells is
related to cannibalism. This behavior was observed more frequently in the non-hygienic
colony. It was observed that the puncturing (PC) of the brood cells started already two
hours after the perforation with a frequency of 42%. Only in 2% of the observations we
registered UC directly without occurring PC. It was concluded that the uncapping of the
brood cells is preceded by puncturing. Finally, based in these results a new hypothesis is



presented to explain the genetic control of the hygienic behavior in Apis mellifera. Instead
of two pairs of genes (u = uncapping and r = remover) proposed by Rothenbuhler (1964 a
b) the model would have three pairs of recessive genes (u1, u2 and r). In order to uncap
the cell the bee should have both u1 and u2 genes as homozygous (u1/u1, u2/u2). Only
one ul or u2 gene as homozygous would determine the puncturing (u1/u1, u2/+ or u1/+,
u2/u2) and the three genes as homozygous would be responsible for the uncapping and
removal (u1/u1, u2/u2, r/r) whose steps would be the puncturing and uncapping the
capped cells followed by the removal of the brood. This new hypothesis is based only in
the observations done in the individual worker brood cells after being submitted to pin
killing method and needs to be confirmed before being adopted.
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Table 1: Average (In %) of six characters involved in the hygienic behavior (HB) of honey bees obtained in different hours after the
perforation of the brood cells of four hives of Carniolan bees (Apis mellifera carnica), with four repetitions

TIME OF THE OBSERVATIONS AFTER THE PERFORATION

CHARACTERS OF THE HB Oh 2h 4h 6h 8h 10h | 24h | 26h | 28h | 30h | 32h | 34h 48h

Capped cells (CC) 94.30| 63.15 | 44.45 | 36.10 | 30.10 | 27.48 | 11.75 | 11.15| 11.50 | 10.85 | 10.35 | 9.98 | 6.93
Empty cells (EC) 575 | 6.00 | 7.63 | 11.78 | 21.88 | 24.63 | 71.08 | 74.70 | 75.70 | 77.85 | 79.73 | 81.48 | 90.78
Punctured cells (PC) 0.00 | 25.48 | 29.60 | 25.60 | 24.13 | 19.60 | 2.38 | 1.88 | 1.50 | 0.75 | 0.75 | 1.00 | 0.00

HIVE | Uncapped cells (UC) 0.00 | 510 | 855 | 10.73 | 540 | 563 | 163 | 188 | 063 | 1.25 | 0.38 | 0.25 | 0.00
88 Association PC+UC+BPR 0.00 | 0.25 | 8.28 | 15.80 | 18.53 [ 22.63 | 13.13 | 10.38 | 10.65 | 9.25 | 8.78 | 7.28 | 2.25
Brood partially removed (BPR) 0.00 | 30.83 | 46.43 | 52.13 | 48.05 | 47.85 | 17.13 | 14.13 | 12.78 | 11.25 | 9.90 | 853 | 2.25
Average of the Correction Factor (Z) 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.38 | 1.31 196 | 2.23 | 2.23 | 2.23 | 2.23 | 2.79
Average of the HB 0.00 | 0.28 | 2.02 | 6.47 | 17.21 | 19.77 | 68.36 | 71.55 | 72.36 | 74.60 | 76.52 | 78.35 | 87.50

Canned cells (CC) 8633|5108 | 2875 (2483 (2203 (1975|1285 |1238 | 1080 | 1068 | 985 955 7 38
Empty cells (EC) 13.68 | 13.68 | 15.58 | 19.58 | 20.83 | 23.48 | 64.20 | 68.53 | 74.03 | 77.05 | 79.75 | 82.18 | 89.00
Punctured cells (PC) 0.00 | 11.80 | 19.98 | 12.73 | 10.73 | 10.75 | 513 | 3.75 | 250 | 2.63 | 2.00 | 2.25 1.38

HIVE | Uncapped cells (UC) 0.00 | 22.93 | 2513 | 21.75 | 19.03 | 1540 | 150 | 0.75 | 0.75 | 050 | 0.25 | 0.25 | 0.50
150 Association PC+UC+BPR 0.00 | 0.50 | 10.53 | 20.38 | 27.38 | 30.63 | 16.30 | 14.63 [ 11.90 | 888 | 8.13 | 5.75 1.75
Brood partially removed (BPR) 0.00 | 54.23 | 68.18 | 71.10 | 73.70 | 73.98 | 30.05 | 25.65 | 20.40 | 16.25 | 13.88 | 10.25 | 3.63
Average of the Correction Factor (Z) 0.00 | 0.00 | 0.00 | 1.05 | 1.50 | 194 | 225 | 225 | 225 | 2.63 | 2.63 | 3.95 3.95
Average of the HB 0.00 | 0.00 | 2.35 | 5.39 | 10.14 | 12.78 | 57.25 | 60.05 | 67.50 | 69.67 | 72.82 | 74.40 | 82.30

Canned cells (CC) 9025514920 | 3415 | 3290 | 2515 | 2278 | 920 8 53 7 98 780 7 65 713 713
Empty cells (EC) 743 | 828 | 9.83 | 11.83 | 20.98 | 26.83 | 80.75 | 82.75 | 84.35 | 88.45 | 89.10 | 90.63 | 92.88
Punctured cells (PC) 0.00 | 29.43 | 33.73 | 30.70 | 20.55 | 16.70 | 2.00 | 1.75 | 1.25 | 0.50 | 0.50 | 0.25 | 0.00

HIVE | Uncapped cells (UC) 0.00 | 11.10 | 14.33 | 11.55| 9.10 | 10.25| 0.50 | 0.75 | 0.25 | 0.00 | 0.00 | 0.25 | 0.00
236 Association PC+UC+BPR 0.00 | 195 | 7.98 | 13.00 | 21.70 | 2345 | 753 | 6.70 | 6.18 | 3.25 | 275 | 1.75 | 0.00
Brood partially removed (BPR) 0.00 | 42.48 | 56.03 | 55.25 | 51.35 | 50.40 | 10.03 | 9.20 | 768 | 3.75 | 3.25 | 2.25 | 0.00
Average of the Correction Factor (Z) 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.79 | 0.79 | 0.79 | 1.04 | 1.04 | 1.04 1.04
Average of the HB 0.00 | 0.95 | 2.65 | 4.84 | 17.35 | 21.02 | 78.99 | 80.94 | 82.82 | 86.74 | 87.49 | 89.19 | 91.49

Canned cells (CC) 9560 5067 | 3813 [ 295”3 | 2273 | 2047 | 1160 | 1090 | 883 933 933 9.00 6 67
Empty cells (EC) 407 | 6.60 | 6.60 | 8.73 | 16.97 | 21.03 | 69.87 | 71.93 | 73.27 | 77.93 | 81.67 | 83.67 | 91.67
Punctured cells (PC) 0.00 | 38.67 | 47.17 | 44.73 | 38.40 | 33.00 | 7.00 | 6.17 | 6.70 | 433 | 3.33 | 3.33 | 0.67

HIVE | Uncapped cells (UC) 0.33 | 320 | 5.87 | 7.00 | 710 | 7.03 | 483 | 340 | 257 | 233 | 233 | 1.33 1.00
301 Association PC+UC+BPR 0.00 | 0.87 | 2.23 | 10.00 | 14.80 | 18.30 | 6.70 | 760 | 863 | 6.07 | 3.33 | 2.67 | 0.00
Brood partially removed (BPR) 0.33 | 42.73 | 55.27 | 61.73 | 60.30 | 58.33 | 18.53 | 17.17 [ 17.90 | 12.73 | 9.00 | 7.33 1.67
Average of the Correction Factor (Z) 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.35 | 0.85 | 0.85 | 1.18 | 1.18 | 1.51 1.51
Average of the HB 0.00 | 2.77 | 2.77 | 5.17 | 14.10 | 18.50 | 68.99 | 70.39 | 71.89 | 76.52 | 80.42 | 82.16 | 90.36




Table 2: Sequences of events (characters) or steps of the hygienic behavior observed
in the individual brood cells monitored of each colony (236 Hygienic and 150 Non-
hygienic). CC= capped cell; PC= punctured cell; UC= uncapped cell; BPR= Brood partially
removed; EC= empty cell

COLONY SEQUENCES OF CHARACTERS FREQUENCY (%)
CC+PC+UC+BPR+EC 14
CC+PC+BPR+EC 26

236 CC+PC+UC+EC 9
CC+PC+EC 18
CC+UC+BPR+EC 4
CC+PC+UC+BPR+EC 23

150 CC+PC+BPR+EC 37
CC+PC+UC+EC 8
CC+PC+UC 5
CC+UC+BPR+EC 14
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Figure 1: Average (in %) of the hygienic behavior (HB) registered in different hours after the
perforation of the brood cells of four hives of Carniolan bees (Apis mellifera carnica)
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Figure 2: Average (in %) of six characters involved in the hygienic behavior of Carniolan honey bees (Apis
mellifera carnica ), hive 150 no-hygienic, obtained in different hours after the perforation of the brood cells.
Capped cells (CC), empty cells (EC), punctured cells (PC), uncapped cells (UC), association PC+UC+BPR,
brood partially removed (BPR) and hygienic behavior (HB)
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Figure 3: Average (in %) of six characters involved in the hygienic behavior of Carniolan honey bees
(Apis mellifera carnica), hive 236-hygienic, obtained in different hours after the perforation of the brood cells.
Capped cells (CC), empty cells (EC), punctured cells (PC), uncapped cells (UC), association PC+UC+BPR ,
brood partially removed (BPR) and hygienic behavior (HB)
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