
41

FOLIA VETERINARIA, 67, 4: 41—45, 2023

DOI: 10.2478/fv-2023-0036

BODY CHARACTERISTIC OF DRONES OF DIFFERENT ORIGIN

Rastislav Sabo1, Lucia Sabová2, Richard Galajda3
1Department of Breeding and Diseases of Game, Fish and Bees, Ecology and Cynology, 
2Department of Pharmacology and Toxicology, 
3Department of Biology and Physiology, University of Veterinary Medicine and Pharmacy in Košice, Komenského 
73, 041 81 Košice
Slovakia

rastislav.sabo@uvlf.sk

ABSTRACT
 
Computer-based methods help beekeepers and scien-

tists in apidology and bee research. Using software Optika 
Vision Pro in this study, three body morphological char-
acteristics has been applied to honeybees’ drones (Apis 
mellifera carnica) of different origin in identification of 
difference among them. All three measured body morpho-
logical characteristics (body length, forewing length, and 
head length) were statistically different between drones 
originated from colonies with mated queens and drones 
originated from colonies with unfertilised queen and/or 
with unfertilised worker bee(s), respectively, thus making 
them potentially more successful in queen fertilization 
and secondary colony development and productivity. 
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INTRODUCTION

The Carniolan honeybee is globally widespread with a 
wide diversity of subspecies, which can be classified with 
morphometric tools [13].

Three major groups of body morphological character-
istics are commonly used: Length measurements, colour 

measurements, and wing venation characteristics, while 
wing venation characteristics have been studied more in-
tensely than other body morphological characteristics. The 
measurement of body morphological characteristics can 
be done for different reasons, but a major reason is to char-
acterize bee races [7, 14] and/or to determine the degree 
of hybridization with foreign races [12]. Moreover, body 
morphological characteristics are measured to investigate 
the impacts of imported queens on honeybee populations, 
or to check population purity [4, 8]. 

Commonly, body characteristics are standardly meas-
ured according to  R u t t n e r  et al. [13], and  R u t t n e r  
[14], which can be divided according to body parts into: 
head, thorax, and abdomen characteristics. Head charac-
teristics include: head length (HCL), and capsule width 
(HCW), antenna length (AL), and number of segments 
(ANS), compound eyes length (CEL), and width (CEW), 
and tongue length (TonL). Some methods also include: the 
mandible length (ML), beside some other characteristics. 
The thorax characteristics are: forewing width (FWW), 
and length (FWL), hindwing length (HWL), and width 
(HWW), number of hooks (NH), thorax width (thW), tib-
ia length (TL), femur length (FL), basetarsus length (BL), 
and width (BW), brush hair rows number (HN), and pol-
len basket size (PBS). The abdomen characteristics are: 
lengths of tergit 3 (T3), and 4 (T4), body size (T3+T4), 
length of hairs on tergit 5 (HLT5), pigmentation of tergit 
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2-4, length of sternite 3 (LS3), wax mirror length (WML), 
and transversal (WMT), and sting shat length (StL). 

Honeybees are classified into three basic castes: queens, 
drones, and workers, while only drones (male honeybees), 
are developed from unfertilised female eggs. The origin of 
unfertilised female eggs is different; (i) from mated queen 
which is physiologically laying them during the season, 
mainly at the beginning; (ii) from unfertilised queen which 
was not mated from different reasons, and from (iii) un-
fertilised worker bee(s), when queen is lost from different 
reasons. The eggs laid by fertilised queen, are developed 
in cells with larger diameter, compared to eggs originated 
from unfertilised queen, and/or unfertilised worker bee(s), 
which are laid into worker bee´s cells [3]. 

The body characteristics may be used for indirect pre-
diction of colony productivity, or for selection of produc-
tivity, where honeybees with longer legs, and wings, have 
higher power light, and could gather more pollen and nec-
tar for brood rearing, and consequently colony population 
[10]. 

To this time, there is no study aimed at the measure-
ment of body morphological characteristics of drones of 
different origin. Based on the facts presented above, we 
focused on the body characteristics of drones of different 
origin. The use of these characteristics may help classify 
them according to their origin. 

Fig. 1. Sampling sites
https://www.google.com/maps/@48.6635723,19.9533694,8.3z/data=!4m3!11m2!2sQCZwaYWaRt2IHLictE5gHw!3e3?hl=sk-SK)

MATERIALS AND METHODS

The study was performed during summer 2021. Accord-
ing to some studies, at least 15 honeybee workers should 
be collected from each colony during the morphological 
analysis [4, 7].  In this study, we analysed 256 individuals 
of drones from six different geographical areas of Slova-
kia (Fig. 1). The sampled drones were of different origin, 
all three groups were covered equally; 86 drones originated 
from colonies with laying queens, 80 individuals from col-
onies with unmated queens, and 90 drones from colonies 
with unfertilised worker bee(s). Drones were collected di-
rectly from brood comb(s), according to  P a d i l l a  et al. 
[11]. The collected drones were preserved in a deep-freezer 
(-18 °C) and later dissected and analysed in a laboratory.

Table 1. Sample origin details

Drone origin Sample 
ID Site Number of 

drones

Mated queen
1 Košice 30

2 Rozhanovce 30

3 Kozelník 26

Unmated queen
4 Rozhanovce 30

5 Rozhanovce 20

6 Prešov 30

Unfertilised worker bee
7 Zvolen 30

8 Rozhanovce 30

9 Kurima 30
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The body measurements were obtained using a ster-
eomicroscope (MOTIC, Hong Kong) with an ocular mi-
crometer [3, 6, 14].

The body length, forewing length (FWL) and head 
length (HCL) were measured using software Optika Vi-
sion Pro (OPTIKA SOFTWARE, Italy) (Figure 2).

The measured values of the individual parameters were 
statistically evaluated using GraphPad Prism 3.0 for anal-
ysis of variance (ANOVA), and Tukey’s test at a signifi-
cance level of P = 0.001.

RESULTS AND DISCUSSION 

The measurement of body morphological characteris-
tics is done for different reasons, but a major use, is to 
characterize honeybee races [7, 14], but also to determine 
the degree of hybridization with foreign races [1, 12]. 
Moreover, morphological characteristics are measured to 
investigate the impacts of imported queens on honeybee 
populations and/or to check populations purity [4, 8].  The 
obtained results are summarised in Table 2. 

Fig. 2. Examples of body morphological characteristics measurement
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Table 2. Body morphological characteristics of drones of different origin

Drone origin
Mean ± SD (cm)

Body length Forewing length Head length

Unfertilised worker bee 1.44 ± 0.08 1.16 ± 0.05 0.42 ± 0.01

Unmated queen 1.40 ± 0.09 1.16 ± 0.05 0.42 ± 0.01

Mated queen 1.53 ± 0.08 1.24 ± 0.04 0.44 ± 0.02

ANOVA P < 0.0001 P < 0.0001 P < 0.0001

Tukey test P value P value P value

Unfertilised worker bee vs. unmated queen P < 0.001 P > 0.05 P > 0.05

Unfertilised worker bee vs. mated queen P < 0.001 P < 0.001 P < 0.001

Unmated queen vs. mated queen P < 0.001 P < 0.001 P < 0.001

Mean body length of 1.53 ± 0.08 cm was observed in 
drones originated from colonies with mated queen, fol-
lowed by mean body length of 1.44 ± 0.08 cm in drones 
originated from colonies with unfertilised worker bees. 
Drones originated from colonies with unmated queen have 
the mean body length of 1.40 ± 0.09 cm. Using Tukey test, 
all three groups were statistically significant (P < 0.001) 
(Table 2). The next two morphological characteristics 
of drones of different origin (forewing length and head 
length) showed the same picture; drones originated from 
colonies with unfertilised worker bee, vs unmated queen 
have the same length of forewing and head, with no sta-
tistical significance (P = 0.001). But comparing these two 
groups with drones obtained from colonies with mated 
queen, we may see differences in length of forewing and 
head with statistical significance (P < 0.001).  

Multiple body characteristics, including tongue length, 
wing length, and width, were used to differentiate between 
honeybee subspecies [2, 16]. Interestingly, some studies 
concluded that tongue length was found to be an indicator 
of geographical variation [6, 15]. Proboscis length was also 
found to be the most differentiated characteristics between 
A.  m. carnica, A. m. mellifera, and A. m. caucasica [16]. 

K o l m e s  and  S a m  [5] found that honey production 
was highly correlated to overall size, wing measurements, 
and corbicular area in Carniolan honeybees. Moreover, 
newer study showed that honey production was related 
to tongue length, forewing length and width, hindwing 
length, leg length, femur length, tibia length and metatar-
sus width [9]. The body characteristics may thus, be used 
for indirect selection of productivity where honeybees: 
with bigger legs, and wings, have higher power light, and 
could gather more pollen, and nectar, for brood rearing, 
and consequently colony population [10]. 

CONCLUSIONS
 
Nowadays, various computer-based methods are used 

in morphological measurements used in apidology and bee 
research. Ongoing evaluation of morphological character-
istics may help in understanding the racial fluctuations due 
to hybridization, beekeeping practices, and environmental 
factors. Moreover, there is evidence, that body morpholog-
ical characteristics are very important, and correlated with 
colony productive characteristics.

This study revealed body morphological differences 
among drones originated from different origin. The longest 
mean body length, forewing length, and head length, was 
observed in drones originated from colonies with mated 
queen, thus making them potentially more successful in 
queen fertilization. But it is apparent that still more work 
is required to provide insights into the impacts on body 
morphological differences in the future. 

ACKNOWLEDGEMENTS 

This research was supported by the National Reference 
Laboratory for pesticides UVLF and by the Slovak Grant 
Agency APVV-21-0185, VEGA 1/0161/23, and VEGA 
1/0166/21. We thank DVM. Šimon Škoda, at that time reg-
ular student at the University Veterinary Medicine and 
Pharmacy in Košice, for his invaluable help in conducting 
body morphological measurements. 



45

REFERENCES 

1.	 Bienefeld, K., Tahmasebi, G. H., Keller, R., Kauhaus-

en-Keller, D., Ruttner, F., 1996:  Report on present situation 

of Apis mellifera meda in Iran. Apidologie, 27, 307‒308. 

2.	 Diniz-Filho, J. A. F., Malaspina, O., 1995: Evolution and 

population structure of Africanized honey bees in Brazil: Ev-

idence from Spital analysis of morphometric data. Evolution, 

49,1172‒1179.  DOI: 10.2307/2410442.

3.	 Gencer, H. V., Firati, C., 2005: Reproductive and mor-

phological comparisons of drones Reared in queenright and 

laying worker colonies. J. Apic. Res., 44, 4, 163‒167. DOI: 

10.1080/00218839.2005.11101172.

4.	 Guler, A., 2010: A morphometric model for determining the 

effect of commercial queen bee usage on the native honeybee 

(Apis mellifera L.) population in a Turkish province. Apidol-

ogie, 41, 622–635. DOI: 10.1051/apido/2010037.

5.	 Kolmes, S. A., Sam, Y., 1991: Relationships between sizes 

of morphological features in worker honeybees (Apis mellif-

era). J. New York Entomol. Soc., 99, 684‒690. Available at 

https://www.jstor.org/stable/25009933.

6.	 Marghitas, A. L., Paniti-Teleky, O., Dezmirean, D., Mar-

gaoan, R., Bojan, C., Coroian, C., et al., 2008: Morpho-

metric differences between honey bees (Apis mellifera car-

patica) populations from Transylvanian area.  Zootehnie Si 

Biotehnologii, 41, 309‒315.

7.	 Meixner, D. M., Miroslaw, W., Jerzy, W., Fuchs, S., 

Nikolaus, K., 2007: Apis mellifera range in eastern Europe – 

morphometric variation and determination of its limits. Api-

dologie, 38, 1‒7. DOI: 10.1051/apido:2006068.

8.	 Miladenovic, M., Rados, R., Stanisavljevic, L. Z., Rasic, 

S., 2011: Morphometric traits of the yellow honeybee (Apis 

mellifera carnica) from Vojvodina (Northern Serbia). Arch. 

Biol. Sci., 63, 251‒257. DOI: 10.2298/ABS1101251M.

9.	 Mostajeran, M. A., Edriss, M. A., Basiri, M. R., 2002: 

Heritabilities and correlations for colony traits and morpho-

logical characteristics in honey bee (Apis mellifera meda). 

Isfahan University of Technology, 17th World Congress on 

Genetics Applied to Livestock  Production, Montpellier, 

France, 19‒23.

10.	Mostajeran, M. A., Edriss, M. A., Basiri, M. R., 2006: 

Analysis of colony and morphological characteristics in 

honey bees (Apis mellifera meda). Pak. J. Biol. Sci., 9, 

2685‒2688. DOI: 10.3923/pjbs.2006.2685.2688.

11.	 Padilla, F., Puerta, F., Flores, J. M., Bustos, M., 1992: 

Morphometric study of Andalusian bees. Arch. de Zootec., 

41, 363‒370.

12.	Radlof, S. E., Hepburn, R., Bagay, L. J., 2003: Quantita-

tive analysis of intracolonial and intercolonial morphometric 

variance in honeybees, Apis mellifera and Apis cerana. Api-

dologie, 34, 339‒351. DOI: 10.1051/apido:2003034.

13.	Ruttner, F., Tassencouyt, L., Louveaux, J., 1978: Biomet-

rical statistical analysis of the geographic variability of Apis 

mellifera L. Apidologie, 9, 363‒381.

14.	Ruttner, F., 1988: Biogeography and Taxonomy of Honey-

bees, Springer-Verlag, Berlin, 284.

15.	Souza, D. C., Cruz, C. D., Campos, L., Regazzi, A. J., 

2002: Correlation between honey production and some mor-

phological traits in Africanized honey bees (Apis mellifera). 

Ciência Rural, Santa Maria, 32, 869‒871. DOI: 10.1590/

S0103-84782002000500020.

16.	Szymula, J., Skowronek, W., Bienkowska, M., 2010: Use 

of various morphological traits measured by microscope or 

by computer methods in the honeybee taxonomy. J. Apic. 

Sci., 54, 91‒97.

Received September 11, 2023

Accepted October 19, 2023


