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Summary 
Worker honey bee samples were collected from six different locations spread throughout the Republic of Macedonia. Morphometric analyses 

were performed on the front right wing venation of workers (n=1800) and measurements were obtained for a total of 21 characteristics. The 

bees were examined according to the apiaries from which they originated (n=6) and in equal groups (n=300). Our aim was to determine the 

diversity of the sampled workers, as well as to examine the relationship with other honey bee races. The racial relationship of the total sample 

of analysed bees expressed in percentages were: Apis mellifera macedonica: 15.87%; Apis mellifera ligustica: 12.70%; Apis mellifera carnica: 

10.32%; Apis mellifera caucasica: 4.76%; Apis mellifera mellifera: 4.76%. The variability in honey bee populations found thus provides a 

suitable basis for the selection of large number of subpopulations with desired biological or production characteristics for introducing a 

National Bee Breeding Programme in the Republic of Macedonia.  

 

Diversidad morfológica y determinación racial de la abeja de la 

miel (Apis mellifera L.) en la población de la República de Macedonia  
Resumen 
Se recogieron muestras de abejas obreras procedentes de seis localidades diferentes de la República de Macedonia. Se realizaron análisis 

morfométricos de la venación del ala derecha de obreras (n = 1800) y las mediciones se obtuvieron para un total de 21 características. Las 

abejas fueron examinadas de acuerdo a los apiarios de los cuales eran originarias (n = 6) y en grupos iguales (n = 300). Nuestro objetivo fue 

determinar la diversidad de las muestras de obreras, así como examinar la relación con otras razas de abejas de la miel. La relación racial del 

total de la muestra de abejas analizadas expresada en porcentajes fue: Apis mellifera macedonica: 15,87%, Apis mellifera ligustica: 12,70%, 

Apis mellifera carnica: 10,32%; Apis mellifera caucasica: 4,76%, Apis mellifera mellifera: 4,76%. La variabilidad en las poblaciones de abejas 

proporciona por lo tanto una base adecuada para la selección de un gran número de subpoblaciones con características biológicas o de 

producción adecuadas para la introducción en un programa nacional de cría de abejas en la República de Macedonia. 
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Introduction 
The morphological and behavioural characteristics of the populations 

of honey bees (Apis mellifera L.) in the territory of the Republic of  

 

Macedonia (formerly the southern part of Yugoslavia) and northern 

Greece were first described in the middle of the last century by 

several authors. According to the first report, the honey bee race or 

subspecies A. m. macedonica (“Ukrainian bees”) was spread in the 



region from 310 to 510 N, where the Republic of Macedonia is located 

(Alpatov, 1929). Ruttner (1965), Goetze (1930, 1964) (cited by 

Ruttner, 1988, 1992) and Ruttner and Mackensen (1952) reported 

that honey bees of the Carniolian race (A. m. carnica) were 

distributed from Austria in the north to the territory of the Republic of 

Macedonia in the south.  

The introgression line between the southern population of A. m. 

carnica and the northern population of A. m. macedonica is thought to 

lie within the territory of the Republic of Macedonia. In addition, the 

southern line of introgression between A. m. macedonica and the 

Greek bee (A. m. cecropia) is between the axes Ianina-Mezovo-

Kalambaka and Grevena-Kosani-Yiannitza in northern Greece 

(Ruttner, 1988, 1992).  This was also confirmed by Brother Adam 

(1952, 1983) and Ifantidis (1979) (cited by Ruttner, 1988, 1992) who 

concluded that there are two populations of honey bees in the 

territory of Greece; one (A. m. cecropia) to the south and the second 

(A. m. macedonica) to the north. According to Foti et al. (1965), A. m. 

macedonica is located in the region of Valandovo, Republic of 

Macedonia. This was based on “pioneer” morphometrical findings 

based on a small number of unsystematically collected samples of 

honey bees and analyses which were performed on an insufficient 

number of fore wing characteristics (CI, E9, G18, J10 and L13). More 

recent studies using molecular techniques such as mtDNA analysis 

(Bouga et al., 2005) confirmed that sampled honey bees from the 

Macedonia region of Greece belonged to A. m. macedonica and could 

easily be discriminated from other races in Greece. Additionally A. m. 

carnica naturally occurs in the territories of Austria, Hungary, 

Romania, Bulgaria and the former Yugoslavia, whilst A. m. 

macedonica is naturally spread between Bulgaria, Romania, the 

former Yugoslavia and northern Greece (Sheppard, 1997).  

The honey bee races (A. m. carnica, A. m. macedonica and A. m. 

cecropia) from the Balkan Peninsula, where the Republic of Macedonia 

is located, all belonging the “C branch” from the three dimensional 

phenogram of Apis mellifera L. (De la Rua et al., 2005). Studies of the 

morphological and productive characteristics of honey bee samples 

from Slovenia, Croatia, Bosnia and Herzegovina, Serbia, Montenegro 

and the Republic of Macedonia indicate great variability within A. m. 

carnica (Pluznikov, 1995; Stevanovic, 2002).  

The scientific name Apis mellifera deseretica var. macedonica, for 

the honey bee population from the southern part of the Republic of 

Macedonia (Mariovo) was proposed after a series of morphometrical 

and behavioural analyses (Sljahov; 1973, 1979). The first systematic 

sampling approach and morphometrical analysis of the honey bee 

population from the territory of the Republic of Macedonia were 

conducted by Naumovski and Krlevska (1996), Naumovski et al. 

(2000) and Kiprijanovska and Uzunov (2002). The analyses were 

carried out for bees from three different geographic regions in the 

Republic of Macedonia, considering one discriminated fore wing 

characteristic (CI - Cubital Index). It was found that the honey bee 

samples analysed were hybrids between A. m. carnica and another 

honey bee race with a lower CI, presumably A. m. macedonica 

(Kiprijanovska and Uzunov, 2002).  

      The aim of our work was, therefore, to refine the knowledge of 

the structure of the population of honey bees in the Republic of 

Macedonia, using systematically and geographically distributed 

sampling and conducting contemporary morphometrical analysis. We 

also aimed to analyse the morphological diversity of the local 

populations with clarification of their relationship to other honey bee 

races and to discuss the biological and economical consequences from 

the introgression process with neighbouring honey bee populations.  
 

  

Materials and methods 
Sampling 

Samples of honey bee workers were collected from six different 

geographical locations: (1) Kavadarci; (2) Skopje; (3) Bitola; (4) 

Gevgelija; (5) Vinica and (6) Mavrovo, at apiaries with a minimum 

inter-locality distance of 43.81 km (Table 1; Fig. 1). Beside the 

altitude, the data from the geographical origin and climatic conditions 

shows relatively unique conditions between all locations. There are 

only significant difference at the locations 6 and 3 were the numbers 

of days with temperature above 100C are 153 and 166 respectively.  

Altogether 1800 honey bee samples were collected. From each 

location, 300 young bees were collected from at least 10 colonies 

(e.g. 30 bees from a single colony) (Ruttner, 1988) and preserved in 

70% ethanol until prepared for analyses. In order to avoid genetic 

pressure of honey bees from other local apiaries, the selected apiaries 

had the highest number of colonies within a 5 km radius. The apiaries 

sampled were permanent and colonies were managed using extensive 

apitechnical practices, without intensive bee breeding or production of 

honey bee queens. The apiaries sampled were also selected 

considering the main pedological, floristic and climatic regions of the 

Republic of Macedonia (Filipovski, 1996), representing different agro-

climatic conditions. In order to avoid possible genetic pressure from 

other honey bee populations, the samples of honey bees were 

collected from apiaries equally dispersed on the territory of the 

Republic of Macedonia. Colonies in the apiaries sampled had not 

recently been subject to the introduction of queens or swarms from 

other locations and especially not from the other apiaries sampled. 

In order to analyze the influence of the vertical distribution 

(altitude) to the morphological bee diversity, the horizontal bee 

distribution was also considered, and the apiaries sampled were 

selected from lowland regions (87.9 m altitude) to mountain areas 

with more than 1000 m altitude (Table 1). These variable macro and 

micro environmental variations from Mediterranean to mountain 

conditions were also a subject for honey bee interaction studies to 

evaluate specific local ecological and developmental differences 

originated from honey bee genotypes and phenotypes.  
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Measurements  

The right fore wings of the sampled worker honey bees (n=1800) 

were fixed to sticky paper and covered with transparent foil, scanned 

with a resolution of 1200 dpi and then imported as .jpg files into the 

software Beewings 1.20.  On each wing, 19 points were marked (Fig. 2) 

for examination of 21 venation wing characteristics, from which 16 

were angles, four were indices and one was an area. According to the 

DAWINO protocol, the following wing venation characteristics (those 

in brackets are connecting points for the same wing characteristic) 

were measured: A1 (2-1-4), A4 (4-1-5), B3 (1-4-3), B4 (1-4-5), D7  

(4-3-13), E9 (6-5-10), G7 (3-13-4), G18 (12-13-14), H12 (11-10-12), 

J10 (6-9-10), J16 (8-9-18), K19 (12-11-14), L13 (5-7-6), M17 (7-8-18), 

O26 (15-14-16), G21 (11-16-17), CI (2-4/1-2), PCI (4-9/8-10), DBI 

(1-4/5-6), RI and Area6. The wings were measured in groups by 

apiary (six apiaries), by colony (10 colonies per apiary) and by 

individual samples (30 wings per colony), and the data were analysed 

by groups representing each separate apiary. 
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Data analysis 

All 21 wing characteristics were statistically analysed using SPSS 6.1 

software for the basic descriptive statistical methods, such as: mean 

values (x); standard deviation (sd); and coefficient of variation (cv) 

for the total samples and by groups. Racial relationships between the 

sampled bees from each apiary, considering five different honey bee 

races (A. m. carnica, A. m. macedonica, A. m. mellifera, A. m. 

ligustica and A. m. caucasica), were analysed using DAWINO protocol 

standard values for 21 wing characteristics (Table 2). The final 

assessment of the racial relationship of the bee samples examined in 

this study with those from DAWINO protocol was performed by the 

following mathematical equation:- 

 

 

 
 

 

 

 

1 – mean of the analyzed characteristic of the samples 

2 – mean of the DAWINO standard characteristics 

x

x

                                                      Apiary 1            Apiary  2          Apiary  3            Apiary  4            Apiary  5          Apiary  6 

              

Global Positioning System data 

N 

41o21’33.95” 

N 

41o57’26.92” 

N 

41o00’38.62” 

N 

41o09’30.20” 

N 

41o48’14.62” 

N 

41o40’58.51” 

E 

22o02’56.75” 

E 

21o35’47.17” 

E 

21o14’48.96” 

E 

22o29’43.18” 

E 

22o39’43.25” 

E 

20o39’23.33” 

Altitude (m) 765.6 272.0 1083.0 87.9 787.0 1131.9 

Minimal distance from nearest  

analysed neighbouring apiary (km) 
43.81 76.7 77.85 43.81 71.68 83.65 

              

*Annual average temperature (0C) 12.7 12.7 9.0 14.2 12.7 8.0 

*Annual absolute 

minimal temperature (0C) 
-19.0 -25.6 -30.4 -16.0 -19.5 -25.0 

*Annual absolute 

maximal temperature (0C) 
43.2 43.2 41.2 44.6 42.0 34.2 

*Annual average sum of precipitation 

(mm) 
510 510 800 650 510 900 

*Number of days with 

temperature above 100C 
214 214 166 233 214 153 

Table 1. Geographical origins, altitude and climatic conditions of the regions from which honey bee samples were used in the morphometric 

analysis. * Data (1971-2000) from Hydrometeorological Service of Republic of Macedonia. 



Assessments were made of the 21 wing characteristics of the sampled 

honey bees compared with the standard characteristics of all five bee 

races involved. The results are presented graphically by race 

distribution expressed as a percentage for each apiary.  
 

 

 

 

 

 

Results 
Descriptive statistics  

The results of the 37,800 measurements of the sampled worker bees 

(n=1800) from six different locations illustrate wide variation of the 

means and standard deviations for the wing characteristics examined 
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(Table 3). Five different wing characteristics (CI, A1, H12, L13 and 

O26) demonstrated high and another six wing characteristics (D7, 

K19, J16, G7, G21 and B3) demonstrated low variation within the 

sampled bees.  

From an historical and practical point of view, the value of the CI 

has always been given special attention, so there are significant 

amounts of comparative data regarding this wing characteristics 

produced by other authors. The value of CI calculated in our study 

from workers sampled at six apiaries was 2.4529 (Table 3) within the 

range of 2.5392 to 2.3363. Previous published data from numerous 

analyses of this honey bee wing characteristic in the Republic of 

Macedonia are given in Table 4.  
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Fig. 1. Geographical distribution of apiaries used  for honey bee sampling in the Republic of Macedonia (additional details in Table 1). 

Fig. 2. Position of the 19 points on the wing for the analysis of 21 wing venation characteristics. 



Inter-racial variability   

Morphometric analyses were undertaken in order to determine the 

variability and relationship between the races represented by the 

honey bee samples. The results of the wing characteristics analysed 

show remarkable variability concerning the racial relationship.  

 The group (by apiary) analysis of the samples demonstrate (Fig. 3) 

that apiaries 3, 4 and 5 are most related to A. m. macedonica with 

probabilities of 23%, 19% and 19%, respectively. Samples of bees 

were most related to A. m. ligustica in apiaries: 2 (19%); 1 (14.3%) 

and 4 (14.3%) respectively and related to A .m. carnica bees from the 

apiaries: 4 (19%); 2 (14.3%) and 6 (14.3%) respectively.  

 

Discussion 

Ruttner (1988) previously studied wing characteristics E9, CI, G18, 

J10 and L13, obtaining values for coefficient of variation for the 

characteristics of A. m. macedonica and A. m. carnica, presented in 

round and square brackets, respectively: E9 (6.8027) [8.9965]; CI 

(15.9012) [16.1452]; G18 (3.3599) [3.5768]; J10 (6.6229) [6.6092]  
 

and L13 (11.1582) [23.7179]. These results closely correspond to the  
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results obtained in our study. Dissimilar results were, however, 

published by Stevanovic (2002) and are noticeably different from 

those of Ruttner and our present study (Table 3). The values 

published by Stevanovic (2002) for the coefficient of variations for the 

wing characteristics A4 (3.96), B4 (0.93), D7 (1.26), E9 (3.83), G18 

(2.01), J10 (1.00), J16 (2.61), K19 (0.85), L13 (2.99) and O26 (0.89) 

are significantly lower and different from the results from our study. 

The value of the CI in this study corresponds with those from 

Naumovski and Krlevska (1996), Naumovski et al. (2000), Ruttner 

(1988), Kiprijanovska and Uzunov (2002) and partially corresponds 

with data from Naumovski et al. (2000), although different results for 

CI were presented by Sljahov (1979). According to the significant 

number of analysed samples for CI, our data show that the analysed 

population of honey bees belong to the Group C (Carnica) branch of 

the three-dimensional phenogram of Apis mellifera L. There are three 

economically important races: A. m. carnica; A. m. macedonica and A. 

m. ligustica, of which the last two have a lower CI, so presumably the 

honey bees from the territory of the Republic of Macedonia are 

hybrids between these races. 
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Table 2. Means of 21 morphometric characters (measurements in mm, angles in degree, area in mm2) for five honey bee races (data from 

DAWINO protocol). 

  A. m. carnica A. m. macedonica A. m. mellifera A. m. ligustica A. m. caucasica 

A1 25.2 24.1 20.4 24.4 21.9 

A4 30.1 31.1 33.9 31.6 35.0 

B3 74.6 76.3 80.5 75.7 80.1 

B4 110.0 107.5 100.9 106.7 100.9 

D7 96.7 98.4 103.6 98.6 102.3 

E9 23.4 22.4 18.7 23.3 20.7 

G7 24.3 23.9 22.5 24.5 22.6 

G18 89.8 91.2 93.8 89.8 93.5 

H12 18.7 18.3 19.4 19.4 16.1 

J10 54.6 54.8 50.4 53.0 54.0 

J16 92.4 88.1 91.6 93.8 87.3 

K19 78.9 78.6 80.8 78.3 74.9 

L13 13.3 14.5 15.3 13.5 14.9 

M17 42.9 40.1 42.6 44.4 39.1 

O26 37.6 36.6 37.5 36.6 35.2 

G21 36.7 37.6 35.6 36.8 35.8 

Ci 2.8 2.6 1.8 2.6 2.1 

Pci 2.7 2.7 2.9 2.7 2.8 

Dbi 1.1 1.0 0.9 1.0 0.8 

Ri 1.5 1.4 1.3 1.4 1.3 

Area6 5.5 5.2 5.3 5.3 5.3 
            



The apiaries sampled for our analyses represented the honey bee 

populations from the introgression area between A. m. carnica and A. 

m. macedonica (Ruttner, 1988). These also represent both 

Mediterranean and semi continental climatic conditions which 

influence the development of diverse floristic associations and relate 

to those variable honey bee populations. 

The inter- racial differentiation between A. m. carnica and A. m. 

macedonica, which belong to the same branch, is particularly limited 

when using three wing morphometrical characteristics representing 

only one wing characteristic (CI) (Kauhausen-Keller, 1991). The 

percentage of differentiation between the races using wing 

characteristics such as E9, G18 and L13 is 84.1 was low and thus the 

differentiation of A. m. carnica with the analysed 24 races of honey 

bees was the subject of the study. The findings lead to the conclusion 

that the inter-racial differentiation analysis between A. m. carnica and 

A. m. macedonica, based on a small number of wing characteristics, is 

a weak and unsatisfactory process. 

The honey bees samples analysed from all six apiaries showed a 

very low (4.8%) relationship to A. m. mellifera and A. m. caucasica 

when considering only one wing characteristic (Area 6). For this 
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Table 3. Means, standards deviations and coefficients of variation for 21 morphometric characters of honey bee samples used for  

morphometric analysis in this study and for the samples from south-eastern European honey bee populations. 

    Ruttner, 

1988 

         Stevanovic, 

            2002 

  

  
          A. m.                     A. m. 

         carnica              macedonica 

  
 

x      Sd                 Cv                            Cv                               Cv                                     Cv 

A1    23.6     3.4  14.2       

A4    30.8     2.2  7.0        4.0 
B3    77.1     3.7  4.8       
B4    108.1     5.6  5.2        0.9 
D7    98.8     3.4  3.5        1.3 
E9    21.6     1.7  8.1   10.0    6.8    3.8 
G7    24.1     1.1  4.6       
G18    88.6     4.5  5.1   3.6    3.4    2.0 
H12    17.5     2.3  12.9       
J10    56.2     4.3  7.7   6.6    6.6    1.0 
J16    94.9     4.2  4.4        2.6 
K19    76.5     3.2  4.2        0.9 
L13    13.1     1.5  11.3   23.7    11.2    3.0 
M17    41.2     3.8  9.3       
O26    40.2     4.3  10.7        0.9 
G21    37.0     1.7  4.6       
Ci    2.5     0.4  18.1   16.1    15.9   
Pci    2.8     0.2  5.4       
Dbi    1.0     0.1  8.4       
Ri    1.4     0.1  6.2       
Area6    5.2     2.9  5.6 

Author Year           Cubital Index 

   
      

x     n 

Rihar 1955 3.23     ? 

Sljahov 1976 3.36     ? 

Ruttner 1988 2.589* 

2,591* 

    21 

    20 

Naumovski and  

Krlevska 

1996 2.56      ? 

Naumovski et al. 2000 2.98 

2.73 

2.52 

    ? 

    ? 

    ? 

Kiprijanovska and  

Uzunov 

2002 2.33     250 

Table 4. Previous published data for CI from different honey bee 

samples collected from the territory of the Republic of Macedonia.  

* Analysed samples from south-eastern European region. 



these two races from our comparisons, the samples analysed 

(n=1800), showed a mainly equal relationship between the other 

three races: A. m. macedonica (15.87%); A. m. ligustica (12.70%)  

and A. m. carnica (10.32%). The locations of the apiaries (3,4 and 5) 

which are most related to A. m. macedonica with probabilities of 23%, 

19% and 19%, respectively, lie south or on the line of introgresion 

between A. m. carnica and A. m. macedonica as determined by 

Ruttner (1988). 

Results of our analysis of all 21 wing characteristics closely 

corresponded with the conclusions based on the CI analysis of the 

total honey bee samples. The close morphological relation of the 

analysed population to A. m. macedonica is suspected because this 

bee race is native to the region, but the percentage was unexpectedly 

low. A reasonable explanation for this appearance is that a high 

percentage (51.59%) of hybrids form, which are presumably created 

by interaction with A. m. ligustica and A. m. carnica. The traditional 

and long-term (about 50 years) intensive import of A. m. carnica 

queen bees from Slovenia has caused genetic pressure on the native 

honey bee population of A. m. macedonica, but the presence of A. m. 

ligustica remains unexplained, but is perhaps due to the uncontrolled 

importation of queen bees into the Republic of Macedonia. The 

greatest influence of this race was found in apiaries (2 and 4) which 
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are located along the valley of the river Vardar running in a south-east 

(Mediterranean) to north-west direction. 

The high variability of the honey bee population from the 

geographical area of the Republic of Macedonia that we studied 

provides an excellent gene basis for the selection of favourable 

genotypes in the process of the conservation and selection of A. m. 

macedonica as a native honey bee race.  
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