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Abstract. In the conducted study the level of manifestation of hygienic behavior of 25 bee colonies was tested from 
the honey bee (Apis mellifera L.) in Bulgaria. During the testing the method used for killing the brood was with an 
entomological pin. Based on the results two types of colonies were determined – hygienic (where 48 h after killing the 
brood the percentage of cleaned cells with dead brood was over 95%) and non-hygienic (where 48 h after killing the brood 
the percentage of cleaned cells with dead brood was lower than 95%). From each bee colony young non-flying worker 
bees were taken and the morphometric measurements of their chitin body parts were made. In the study 18 morphological 
traits were tested and 2 indexes were calculated. High degree of reliability (p≤0.001) between hygienic and non-hygienic 
bee colonies was determined for 2 morphological traits - Total length of fore wing and Length of proboscis. For the traits 
Length of tibia and Width of Іst tarsus of fore leg and Width and Surface of the left wax mirror of IIIrd sternit medium degree 
of reliability (p≤0.01) was determined. In 3 other traits - Length of femur of fore leg, Length of IIIrd sternit and Length of IInd 
part of the cubital cell of the fore wing low reliability (p≤0.05) was established. The results obtained from the present study 
indicate the existence of statistically significant differences between the morphometric characteristics of worker bees from 
hygienic and non-hygienic bee colonies. These traits are related to the productivity of worker bees.

Keywords: Apis mellifera, chitin body parts, hygienic bee colonies, non-hygienic bee colonies., morphometric 
measurements

*e-mail: svilen.lazarov@uni-sz.bg

Introduction

Hygienic behavior in honey bees is an important indicator, 
which is inherited by the offspring (Lapidge et al., 2002). Its 
genetic determination was discovered for the first time by 
Rothenbuhler (1964) in a study connected with creating bee 
colonies through selection resistant to the disease American 
foulbrood. Hygienic behavior is the behavior mechanism 
of bees for disease resistance. It is related to finding and 
removing infected or dead brood from the cells. Hygienic 
bee colonies are characterized with the ability to quickly find 
and open the lids of cells with diseased or infected larvae 
and to remove them from the bee nest, while non-hygienic 
bee colonies keep it longer. The quick locating and removal 
of dead brood from the bee nest helps limit the spread of 
the disease in the hive (Palacio et al., 2010). Hygienic bee 
colonies are resistant to a number of diseases such as: 

American foulbrood, Ascopherosis; Varroosis (Gilliam et al., 
1988; Spivak and Reuter, 2001; Stanimirovic et al., 2001, 
Ibrahim and Spivak, 2006). It was established that such 
colonies required less treatment, which is a prerequisite for 
reducing chemical substances in the fight with the diseases 
and contamination of the bee products (Spivak and Reuter, 
2001).

Many authors believe that the level of manifestation of 
hygienic behavior can be increased through suitable selection 
in that regard (Spivak and Reuter, 2001; Lapidge et al., 2002; 
Stanimirovic et al., 2002; Büchler et al., 2010). Different 
factors influence the manifestation of hygienic behavior: the 
amount of young bees in the colony, available food, strength 
of the bee colony, in some cases seasonal factors and others 
(Trump et al., 1967; Spivak and Gilliam, 1993; Stanimirovic 
et al., 2002; Mondragon et al., 2005). Some scientific articles 
claim that in bees there is a link between: 1) the size of the 
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chitin body parts and 2) the honey and pollen productivity 
and building the honeycomb. According to some authors a 
correlation exists between the productivity of the colonies, the 
live mass of the bees, length of proboscis, sizes of fore wing, 
volume of honey stomach, etc. (Szabo and Lefkovich, 1988; 
Popravko, 1992; Krivtsov, 1995; Mostajeran et al., 2002).

In their studies, a number of authors, showed that bigger 
worker bees carried a larger quantity of nectar (Goulson et 
al., 2002) and had better developed odor receptors (Spaethe 
et al., 2007).

Hygienic behavior is connected with the health condition of 
the bee colonies. Аccording to Spivak and Reuter (1998) the 
level of manifestation of hygienic behavior has no influence 
on the honey productivity. In their studies, Zhelyazkova and 
Gurgulova (2003) did not discover a reliable correlation 
between these traits, while Lazarov (2018) established that 
in around 50% of the studied morphological traits of worker 
bees from hygienic and non-hygienic colonies there were 
reliable differences in the values of these body parts. In a 
newer study on the existence of a relationship between the 
level of manifestation of hygienic behavior and the sizes of 
chitin body parts of worker bees, Lazarov and Zhelyazkova 
(2020) established considerably higher values of the sizes of 
some chitin body parts of bees from colonies with low level of 
manifestation of hygienic behavior (non-hygienic). The shown 
morphological traits are related to the sizes of the chitin parts 
of fore legs, upper mandibles and proboscis, organs related 
to the cleaning activities of worker bees, respectively to 
hygienic behavior.

Studying morphometric traits related to the productivity 
and hygienic behavior of bee colonies can contribute to the 
existing scientific information on this topic and increase the 
effect of selection.

The aim of the present study is to investigate the existence 
of a relation between the hygienic behavior in worker bees 
(Apis mellifera L.) and the size of some chitin body parts, 
connected with the productivity of bee colonies. 

Material and methods

Bee colonies from the Bulgarian honey bee (Apis mellifera 
L.) were used in the study. Testing for level of manifestation of 
hygienic behavior and measuring the chitin body parts of the 
worker bees was made during the active beekeeping season 
of 2020. 

Twenty-five bee colonies from an apiary located in the 
village of Madzherito, Stara Zagora were tested.

Testing bee colonies for level of manifestation of hygienic 
behaviour

All bee colonies, used in the experiment, were aligned 
in advance by strength, amount of sealed worker brood and 
food supplies (honey and pollen).

To determine the level of manifestation of hygienic 
behavior the method by Gurgulova et al. (2003) was used, 
similar to the method of Petrov (1997). After extensive 
inspection of each bee colony, combs with sealed worker 
brood were chosen. On the areas with brood a template 5 
х 5 cm (100 worker cells) was placed – Figure 1 – (Lazarov, 
2018).

 

Figure 1. Template for outlining the testing area of the bee 
colony for manifestation of hygienic behavior

The empty cells in the testing area were counted and 
excluded from the analysis. The lids of the cells in the 
template area were punctured with a thin entomological 
pin (without destroying them), killing the pupae within. The 
cells, opened and cleaned by the bees, were counted 48 h 
after the start of the experiment (after the brood was killed). 
Based on the punctuality of the bees’ reaction in discovering 
and cleaning the cells with the dead brood two types of bee 
colonies were determined: hygienic, cleaning over 95% of 
the cells with dead brood in the template area up to the 48th 
hour after puncturing, and non-hygienic ones, cleaning less 
than 95% of the cells with dead brood up to the 48th hour, 
according to Gurgulova et al. (2003).

Measurements of the chitin body parts of worker bees
To determine the sizes of the chitin body parts of worker 

bees, from all 25 bee colonies part of the experiment young 
non-flying bees were taken. Samples from 60 bees per 
hive were prepared. They were sedated with chloroform 
and conserved in ethyl alcohol. After that the bees were 
dismembered and microscopic preparations were prepared 
from a total of 500 bees – 20 bees per bee colony according 
to the method of Alpatov (1948). Measuring the chitin 
body parts of bees was made with the computer program 
AutoCAD (Mladenović et al., 2011; Lazarov, 2016) in the 
laboratory of sub-department “Beekeeping”, Faculty of 
Agriculture, Trakia University – Stara Zagora. The sizes 
of 18 morphological traits were determined: Total length 
and Width of fore wing; Length of Ist part and IInd part of 
cubital cell of fore wing; Number of hooks of hind wing; 
Length of femur and tibia of fore leg; Length and width of 
Іst tarsus of fore leg; Length of proboscis; Length and width 
of IIIrd  tergite; Distance between two peaks of the tergite; 
Length of IIIrd sternit; Length and width of  left wax mirror IIIrd 
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sternit; Surface of the left wax mirror of IIIrd sternit; Distance 
between wax mirrors of  IIIrd sternit.

Based on some of the measurements Cubital index 
(Goetze, 1964), Tarsal index (Bizhev and Van, 1975) and 
Surface of the left wax mirror of IIIrd sternit were calculated 
according to the following formulas:

Cubital index = a/b        
where: а – Ist part of cubital cell;
b – IInd part of cubital cell;
                        
Tarsal index (%)  .100

Surface of the left wax mirror of IIIrd sternit:
P  . π. ,      

   
where: Р - Surface of the left wax mirror 
             π = 3.14
              - Length of  left wax mirror
             b - Width of  left wax mirror
Statistical processing of the data was performed by 

one-way analysis ANOVA to obtain the mean values 

(Means), standard error (SE), standard deviation (SD), 
minimum and maximum value (min-max) with software 
STATISTICA 12, Copyright © Stat Soft Inc. 1984-2014 
(StatSoft, 2014).

Results and discussion

The results from the testing of the bee colonies for 
level of manifestation of hygienic behavior are shown 
on Table 1. From the tested 25 bee colonies, 12 (48%) 
were established as hygienic, and 13 colonies (52%). 
13 colonies (52%) - non-hygienic. The percentage of the 
uncapped and cleaned cells from the worker bees from 
the hygienic colonies varied from 95% to 100%. In the 
non-hygienic colonies from 59% to 94.44% uncapped 
and cleaned cells were found – Table 1. Table 2 shows 
the results from the measurements of chitin body parts of 
worker bees from hygienic and non-hygienic bee colonies.

Table 2 shows the results from the measurements of 
chitin body parts of worker bees from hygienic and non-
hygienic bee colonies.

Table 1. Results from testing the bee colonies for level of manifestation of hygienic behavior.  

Beehive
 №

Number of tested
cells

Uncapped and cleaned cells, 
48th hour Level of manifestation of hygienic 

behaviorNumber (%)
1 100 96 96.00 Hygienic
2 100 98 98.00 Hygienic
3 100 95 95.00 Hygienic
4 100 87 87.00 Non-hygienic
5 100 100 100.00 Hygienic
6 99 92 92.93 Non-hygienic
7 96 93 96.88 Hygienic
8 90 85 94.44 Non-hygienic
9 96 83 86.46 Non-hygienic

10 97 96 98.97 Hygienic
11 93 86 92.47 Non-hygienic 
12 92 80 86.96 Non-hygienic 
13 98 97 98.98 Hygienic
14 84 78 92.86 Non-hygienic
15 100 61 61.00 Non-hygienic
16 96 96 100.00 Hygienic
17 72 59 81.94 Non-hygienic
18 93 85 91.40 Non-hygienic
19 97 97 100.00 Hygienic
20 97 93 95.88 Hygienic
21 95 95 100.00 Hygienic
22 94 82 87.23 Non-hygienic
23 98 85 86.73 Non-hygienic
24 96 96 100.00 Hygienic
25 98 93 94.90 Non-hygienic

n=25
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Table 2. Sizes of chitin body parts of worker bees from hygienic and non-hygienic bee colonies.

№ Morphological  characteristics Hygienic
Mean±SE SD min/ max Non-hygienic

Mean±SE SD min/ max

1 Total length of fore wing, mm 9.01±0.011 0.172 8.54/9.39 8.94±0.012 0.190 8.22/9.49

2 Width of fore wing, mm 3.13±0.007 0.102 2.81/3.52 3.11±0.006 0.089 2.76/ 3.40

3 Length of Ist part of cubital cell, mm 0.59±0.003 0.054 0.42/0.88 0.59±0.003 0.051 0.46/0.71

4 Length of IInd part of cubital cell, mm 0.24±0.002 0.030 0.16/0.34 0.25±0.002 0.035 0.14/0.34

5 Cubital index, (Goetze, 1964) 2.48±0.029 0.448 1.24/3.91 2.42±0.032 0.521 1.39/4.79

6 Number of hooks of hind wing 21.75±0.137 2.117 14/29 21.52±0.098 1.585 18/25

7 Length of femur of fore leg, mm 2.55±0.006 0.098 2.12/3.18 2.53±0.005 0.086 2.29/2.84

8 Length of tibia of fore leg, mm 3.06±0.008 0.117 2.69/3.35 3.03±0.009 0.144 2.48/3.48

9 Length of  Іst tarsus of fore leg, mm 2.04±0.006 0.089 1.73/2.28 2.03±0.007 0.105 1.47/2.98

10 Width  of Іst tarsus of fore leg, mm 1.11±0.004 0.069 0.93/1.30 1.09±0.003 0.054 0.97/1.25

11 Tarsal index, fore leg, % (Bizhev and Van, 1975) 54.45±0.235 3.640 46.84/67.01 53.84±0.236 3.809 34.90/72.79

12 Length of proboscis, mm 6.04±0.038 0.586 4.52/7.04 6.22±0.027 0.434 4.18/6.92

13 Length of III tergite,  mm 2.16±0.007 0.101 1.93/2.57 2.15±0.005 0.083 1.90/2.46

14 Width of III tergite,  mm 9.11±0.021 0.326 6.99/9.80 9.13±0.018 0.288 7.65/9.81

15 Distance between two peaks of the tergite, mm 4.68±0.011 0.168 3.77/5.16 4.66±0.011 0.171 3.51/5.00

16 Length of III sternit, mm 2.72±0.007 0.110 2.30/3.03 2.70±0.006 0.091 2.40/2.95

17 Length of left wax mirror III sternit, mm 2.41±0.005 0.084 1.92/2.63 2.42±0.005 0.079 2.16/2.68

18 Width of left wax mirror III sternit, mm 1.46±0.005 0.082 1.22/1.68 1.44±0.005 0.076 1.15/1.65

19 Surface of the left wax mirror of III sternit, mm2 2.43±0.011 0.170 1.85/2.85 2.38±0.010 0.167 1.92/2.82

20 Distance between wax mirrors of  III sternit, mm 0.22±0.004 0.069 0.06/0.46 0.23±0.004 0.061 0.06/0.36

In the analysis of the results in Table 2 it was 
established that in 70% (12 traits and 2 indexes) of the 
studied morphological characteristics the obtained mean 
values were higher for bees from colonies with high level 
of hygienic behavior, compared to those from non-hygienic 
colonies. The indicated traits are related to body parts of 
the bees which are relevant to their productivity.

For the trait Total length of fore wing the observed 
mean value was 9.01±0.011 mm for bees from the group 
of hygienic colonies, while for bees from the non-hygienic 
group it was 8.94±0.012 mm. The difference between 
their mean values was 0.07 mm. Considerable was also 
the difference for the trait Length of proboscis – 0.18 mm – 
between the mean values for bees from hygienic and non-
hygienic colonies. The shown differences for both traits 
are significant with high reliability (Р≤0.001) – Table 3. 

Length and Width of fore wing determine its surface area 
and the ability of worker bees for longer flight duration and 
loading capacity for carrying nectar and pollen.

The size of femur, tibia and Іst tarsus of fore leg are 
related to the transport of pollen in the hive. The differences 
in the sizes of these chitin body parts vary from 0.01 mm 
for the trait Length of Іst tarsus of fore leg to 0.03 mm for 
the trait Length of tibia.

During the analysis of the data from Table 2 the 
differences between Cubital index 2.48±0.029% 
- 2.42±0.032% and Tarsal index 54.45±0.235% - 
53.84±0.236, respectively for worker bees from hygienic 
and non-hygienic colonies become notable.

Length of IIIrd sternit and Surface of the wax mirrors are 
directly related to the wax productivity of worker bees. The 
differences in the sizes of these chitin body parts are 0.02 
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In Table 3 we can see that in 45% of the studied 
morphological characteristics the recorded differences 
between the groups with high and low level of hygiene 
are reliable. Highly reliable is the difference for the 
traits Total length of fore wing and Length of proboscis 
(Р≤0.001). Goulson et al. (2002) reported that the 
size of the body of the bees had an influence on their 
productivity for transporting nectar and pollen. The 

proven highly reliable difference for these two traits 
gives reason to presume higher productivity related to 
the hygiene of bee colonies.

For Length of tibia of fore leg, Width of Іst tarsus of 
fore leg, Width of left wax mirror IIIrd sternit and Surface 
of the left wax mirror IIIrd sternit significant differences 
with medium degree of statistical reliability (Р≤0.01) were 
observed. According to Siefert et al. (2021) these chitin 

Table 3. Reliability of the differences between the sizes of the chitin body parts of worker bees from hygienic and non-hygienic 
bee colonies.

№ Morphological  characteristics Hygienic
Mean±SE

Non-hygienic
Mean±SE P

1 Total length of fore wing, mm 9.01±0.011 8.94±0.012 0.000***

2 Width of fore wing, mm 3.13±0.007 3.11±0.006 0.093

3 Length of Ist part of cubital cell, mm 0.59±0.003 0.59±0.003 0.516

4 Length of IInd part of cubital cell, mm 0.24±0.002 0.25±0.002 0.029*

5 Cubital index, (Goetze, 1964) 2.48±0.029 2.42±0.032 0.184

6 Number of hooks of hind wing 21.75±0.137 21.52±0.098 0.167

7 Length of femur of fore leg, mm 2.55±0.006 2.53±0.005 0.012*

8 Length of tibia of  fore leg, mm 3.06±0.008 3.03±0.009 0.004**

9 Length of  Іst tarsus of fore leg, mm 2.04±0.006 2.03±0.007 0.517

10 Width of Іst tarsus of fore leg, mm 1.11±0.004 1.09±0.003 0.002**

11 Tarsal index, fore leg, % 54.45±0.235 53.84±0.236 0.066

12 Length of proboscis, mm 6.04±0.038 6.22±0.027 0.000***

13 Length of  III  tergite, mm 2.16±0.007 2.15±0.005 0.230

14 Width of III tergite, mm 9.11±0.021 9.13±0.018 0.472

15 Distance between two peaks of the tergite, mm 4.68±0.011 4.66±0.011 0.130

16 Length of III sternit, mm 2.72±0.007 2.70±0.006 0.020*

17 Length of left wax mirror III sternit, mm 2.41±0.005 2.42±0.005 0.454

18 Width of left wax mirror III sternit, mm 1.46±0.005 1.44±0.005 0.003**

19 Surface of the left wax mirror of III sternit, mm2 2.43±0.011 2.38±0.010 0.002**

20 Distance between wax mirrors of III sternit, mm 0.22±0.004 0.23±0.004 0.250

*P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001

mm and 0.05 mm2, respectively.
The variation between the minimum and maximum 

range of the sizes of the studied chitin body parts of bees 
was the biggest for the traits: Width of IIIrd tergite with 
difference of 2.81 mm for the colonies with high level of 
hygiene and 2.16 mm for non-hygienic bee colonies, and 
Length of proboscis – difference of 2.52 mm and 2.74 mm, 

respectively. The difference between the minimum and 
maximum values of the characteristic Total length of fore 
wing was 0.81 mm in bees from hygienic, and 1.27 mm in 
bees from non-hygienic colonies.

In all studied traits, the difference min/max varied in 
narrower ranges from 0.2 mm for the trait Length of IInd part 
of cubital cell, to 1.06 mm for Length of femur of fore leg.
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body parts of worker bees participate in the creation of 
honeycomb cells.

Regarding the sizes of chitin body parts of worker 
bees, such as: Length of IInd part of cubital cell, Length of 
femur of fore leg and Length of IIIrd sternit low statistically 
reliable differences (Р≤0.05) between the groups of 
hygienic and non-hygienic bee colonies were established. 
The mean value for the trait number of hooks of hind 
wing (21.75±0.137) was higher for worker bees from 
hygienic colonies, compared to bees from non-hygienic 
ones (21.52±0.098), but the recorded difference is not 
significant – Table 2.

The manifestation of hygienic behavior in bees is 
genetically determined (Rothenbuhler, 1964; Lapidge et 
al., 2002). It is a desirable hereditary trait for the resistance 
of bees to brood diseases in the creation of selection 
programs in apiculture (Harbo and Harris, 1999). Some 
studies show that hygienic and non-hygienic bee colonies 
do not differ in honey production (Spivak and Reuter, 
1998). The analysis of the results from the present study 
on the measurement of all morphological traits shows 
that the obtained mean values are in the variation range 
determined for the honey bee A. mellifera L. distributed 
in Bulgaria (Mitev et al., 1972; Velichkov, 1976; Petrov 
et al., 2001; Nenchev, 2008). In the scientific literature, a 
number of authors report that the variation in the sizes of 
the chitin body parts of bees happens within a very narrow 
range 2-5% (Martynov, 1976; Sauthier et al., 2017). The 
study has established a relationship between the level of 
manifestation of hygienic behavior of bee colonies and the 
sizes of the chitin body parts of worker bees.

The indicated morphological characteristics refer 
to chitin body parts of bees which are related to their 
productivity.

Conclusion

Differences with high degree of reliability (p≤0.001) 
between the body size of worker bees of hygienic and 
non-hygienic bee colonies were found for 2 morphological 
traits - Total length of fore wing and Length of proboscis. 
For the traits Length of tibia and Width of Іst tarsus of 
fore leg and Width and Surface of the left wax mirror of 
IIIrd sternit differences with medium degree of statistical 
reliability (p≤0.01) were found. In three other traits – 
Length of femur of fore leg, Length of IIIrd sternit and 
Length of IInd part of cubital cell of fore wing differences 
with low reliability (p≤0.05) were observed. The results 
from the study indicate the existence of statistically 
significant differences between the morphometric 
characteristics of worker bees from hygienic and non-

hygienic bee colonies. The indicated characteristics are 
related to the productivity of worker bees.

The results from the study show statistically reliable 
differences in these characteristics and add to the 
information on the factors related to the manifestation 
of hygienic behavior in bee colonies. A deeper study 
regarding the manifestation of hygienic behavior and the 
sizes of the chitin body parts of worker bees is needed. 
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