
INTRODUCTION

Beekeeping, which relies on the management of honey  
bees, has sustained a long standing and evolving rela-
tionship with human civilization for over 10,000 years 

(Ruttner, 1988; Crane, 1990). Although it centered his-
torically on honey production, modern apiculture has 
diversified significantly alongside scientific and tech-
nological advancements. The beekeeping industry has 
expanded from a primary focus on honey production  
to include diverse activities such as processing bee 
products-royal jelly, propolis, beeswax, and venom- 

and providing pollination services, thereby enhancing 
agricultural productivity and farm income (Lee et al., 
2010; Jeong et al., 2016; Kang et al., 2024). Honey bees 
are vital pollinators for numerous wild plant species 
and cultivated crops, facilitating plant reproduction and 
thereby playing a critical role in maintaining ecosystem 
stability and enhancing food security on a global scale 

(Jung, 2008; Aryal et al., 2020; Papa et al., 2022; Jung 
and Shin, 2022). As a result of their ecological and agri-
cultural significance, honey bees are actively managed  
worldwide not only for their pollination services but also  
for the economic value of their hive products. Apiculture 
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thus serves as both a tool for biodiversity conservation 
and a means of income generation for beekeepers (Jung, 
2008; Garibaldi et al., 2017; Minaud et al., 2024). Glob-
ally, an estimated 75% of the top 100 food crops rely, at 
least in part, on pollinators, and approximately 30% of 
total agricultural production is dependent on pollination 

(Klein et al., 2007; Jung, 2008). The economic value of 
pollination by honey bees has attracted global attention; 
for instance, in the United States, it has been estimated 
to exceed the value of direct hive products by more than 
140-fold (Levin, 1983). These findings underscore the 
essential role of honey bees in sustaining both natural 
ecosystems and global agriculture.

The western honey bee (Apis mellifera) is distributed  
across a wide range of climates globally and has diversi-
fied into numerous subspecies (Ruttner, 1988; Meixner 
et al., 2013). Based on morphological traits, mitochon-
drial DNA, and nuclear genetic markers, 33 subspecies 
have been identified and are grouped into 5 major evo-
lutionary lineages: M (Western and Northern Europe), 
C (Southern and Eastern Europe), A (Africa), O (Middle 
East and Central Asia), and Y (Arabian Peninsula) (Rut-
tner, 1988; Ilyasov et al., 2020). Among the available 
techniques, morphometric approaches remain cost- 
effective and robust tools for distinguishing subspecies 
and conducting comparisons within species. Geometric  
morphometric analysis of wing venation and body struc-
tures has proven to be especially effective (Oleksa and  
Tofilski, 2015). These morphometric methods for sub-
species identification can be broadly classified into two 
main categories: the measurement of body parts and the  
analysis of wing shape. The first category, known as 
traditional morphometry, involves the assessment of 36 
morphometric traits related to the body (Ruttner, 1988).  
In contrast, wing shape analysis includes several ap-
proaches. The first is DuPraw’s method, which measures  
11 angles formed between 18 intersections of wing veins 
to detect shape variation (DuPraw, 1965). The second 
is the DAWINO method, which builds upon DuPraw’s 
approach by adding seven linear measurements, five 
indices, and one area measurement. The third method is  
geometric morphometrics, which uses multivariate 
statistical techniques to analyze landmark coordinates 
derived from the wing venation pattern (Miguel et al., 
2011; Ilyasov et al., 2020). Accurate identification of 
honey bee subspecies is critical not only for conserving 

biodiversity but also for ensuring the sustainability of 
apiculture. Subspecies may differ significantly in various  
biological traits such as pesticide susceptibility, gut micro- 
biota composition, and thermal tolerance (Suchail et al., 
2000; Alattal and Alghamdi, 2015). Therefore, reliable 
subspecies classification and trait based breeding strate- 
gies can play a crucial role in improving beekeeping 
practices. 

Uzbekistan is the most populous landlocked country in 
Central Asia, with approximately 36.36 million people 
in 2024 (UN, 2024). The country exhibits a typical con-
tinental climate, characterized by dryness and large daily  
temperature fluctuations (Qoshmatovich, 2022). Bee-
keeping is an important agricultural industry in Uzbeki- 
stan, contributing to the yield of various pollinator- 
dependent crops such as alfalfa, sunflower, and cotton 

(Jamolov et al., 2022). In response to its importance, a 
national program to promote beekeeping was launched 
in 2017. As a result, the number of honeybee colonies in-
creased from approximately 190,000 in 2011 to 490,000  
in 2019 (Djurabaev and Rashidov, 2021; Jamolov et al., 
2022; Kwon et al., 2024). Despite such governmental 
efforts, research on apiculture remains limited, and in 
2018, Uzbekistan produced approximately 12,578 tons 
of honey, ranking 27th globally total honey production 

(FAO, 2018). To improve productivity, advancements in 
hive management and breeding strategies are necessary.  
Larger-bodied honey bees have been shown to fly farther, 
collect more pollen, and produce more honey (Greenleaf  
et al., 2007; Ramello et al., 2024). Therefore, identify-
ing the distribution of honey bee subspecies in Uzbeki-
stan and analyzing their morphological characteristics 
will be essential for selecting superior breeding stock to 
enhance apicultural productivity.

This study aimed to (1) identify the subspecies of honey  
bees managed in Uzbekistan and (2) analyze regional 
variation in morphological traits of the subspecies. The 
findings are expected to provide a foundation for future 
breeding programs aimed at improving apicultural pro-
ductivity in Uzbekistan.

MATERIALS AND METHODS

1. Honey bee sampling

Sampling was conducted from July 28 to August 28, 
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2022, in 6 Uzbek regions: Yanghikurgan (n=4), Tash-
kent (n=5), Sukok (n=6), Komarovka (n=5), Gagarin 

(n=6), and Angren (n=6), total 32 apiaries. From each 
apiary, 30 worker bees were collected from 5 colonies 
without considering age. Samples were preserved in 
70% ethanol for subsequent analysis.

2. �Identification of honey bee subspecies and 
measurement of external morphology

To identify honey bee subspecies, 20 workers were 
randomly selected from each colony, and photographs 
of their right forewings were taken. The wings were 
mounted under a stereomicroscope (KS-208, KOREA 
LABTECH, Korea) and photographed at 6×  magnifica-
tion. Subspecies identification was performed using the 
IdentiFly software (Version 1.6.2) (Meixner et al., 2013; 
Nawrocka et al., 2017; Salehi and Nazemi-Rafie, 2020). 
Each of the 3,200 workers was identified individually, 
and subspecies distribution was assessed based on the 
cumulative results of all identified individuals, rather 
than on a colony-level basis. The IdentiFly software 
identifies 20 subspecies from 4 evolutionary lineages 

(A, C, O, and M) based on 19 geometric morphometric 
landmarks on the forewing (Dilday, 2022).

After subspecies identification, the right hind wings 
and hind legs of the same bees were dissected and photo- 
graphed using a stereomicroscope, as was done for the 
forewings. Each anatomical structure was mounted and 
imaged at 6×  magnification alongside a 1 cm scale grid. 
Morphometric measurements-including head width, 

thorax width, forewing length and width, hind wing 
length and width, and hind tibia length and width-were 
obtained from the images using ImageJ software (Java 
version 1.8), based on the 1 cm reference grid.

3. Data analysis

The distribution of honey bee subspecies in Uzbeki-
stan was summarized using descriptive statistics and 
expressed as percentages. To compare the morphometric  
characteristics of the dominant subspecies, normality was 
first assessed using the Shapiro-Wilk test, followed by  
one-way analysis of variance (ANOVA) at a 95% confi-
dence level. Post hoc comparisons among colonies were 
conducted using Tukey’s honestly significant difference 

(HSD) test. All statistical analyses were performed using  
R Studio software (Version 4.3.2). 

RESULTS

1. Subspecies composition

A total of 9 Apis mellifera subspecies were identified 
from samples collected at 32 apiaries across 6 regions of 
eastern Uzbekistan. The subspecies composition of honey  
bees varied across the surveyed locations. Among all 
identified groups, A. m. remipes was the most prevalent, 
accounting for 26.7% overall, with particularly high 
proportions in Sukok (37.9%) and Komarovka (31.1%). 
A. m. carpatica ranked second (24.2%), showing major 
representation in Gagarin (29.6%) and Tashkent (28.6%).  

Fig. 1. (a) Overview map of Uzbekistan highlighting the eastern region where honey bee samples were collected. (b) Enlarged satellite view 
displaying the distribution of 32 sampled apiaries across six distinct regions in eastern Uzbekistan, denoted by green circles (Region 1: sites 
1-4, Region 2: sites 5-9, Region 3: sites 10-15, Region 4: sites 16-20, Region 5: sites 21-26, Region 6: sites 27-32). Each red dot corre-
sponds to a specific apiary location. 

(a) (b)
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A. m. caucasica followed with 17.4%, with notable occur- 
rences in both Tashkent and Angren (21.3% each). Other  
subspecies-A. m. carnica, A. m. ligustica, A. m. syriaca,  
A. m. mellifera, A. m. ruttneri, and A. m. cecropia-were 
detected in lower frequencies and showed more local-
ized distributions. 

2. Morphological comparison between subspecies

Morphological traits including body length, head 
width, thorax width, forewing length and width, hind-
wing length and width, and metatarsus length and width 
were analyzed for 9 Apis mellifera subspecies identified 
from eastern Uzbekistan. Among the traits examined, all 
except body length showed statistically significant differ- 
ences among subspecies (p<0.05; Table 2). The longest 
body length was observed in A. m. cecropia (13.43± 
1.228 mm), while A. m. ruttneri showed the shortest value  

(13.04±1.139 mm). However, these differences were not  
statistically significant (F=1.336, p>0.05). Head width  
varied significantly across subspecies (F =2.143, p< 
0.05), with A. m. carnica and A. m. ligustica exhibiting 
relatively broader heads (3.76±0.235 mm and 3.76± 
0.261 mm, respectively), whereas A. m. caucasica had the 
narrowest mean head width (3.71±0.242 mm). Thorax  
width also differed significantly (F =3.051, p<0.05), 
with A. m. syriaca having the broadest thorax (3.90±
0.427 mm), while A. m. caucasica again showed the 
smallest measurement (3.77±0.453 mm). In terms of 
wing morphology, A. m. cecropia consistently displayed 
the greatest forewing and hindwing dimensions among 
the subspecies. The shortest forewing length was found  
in A. m. caucasica (8.92±0.436 mm), and the narrow- 
est forewing width was in A. m. mellifera (2.93±0.257 

mm). Hindwing length was also smallest in A. m. cauca-
sica (6.25±0.317 mm), while A. m. ruttneri had the nar-
rowest hindwing width (1.71±0.148 mm). Tarsus length  
was highest in A. m. syriaca (2.04±0.157 mm) and 
lowest in A. m. caucasica (1.99±0.151 mm). In terms 
of metatarsus width, A. m. carnica showed the largest 
value (1.13±0.138 mm), whereas A. m. carpatica had 
the smallest (1.10±0.130 mm).

DISCUSSION

This study investigated the distribution and morpho-
metric variations among honey bee (Apis mellifera) sub- 
species managed in 6 regions of eastern Uzbekistan. Out 
of 9 identified subspecies, A. m. remipes (syn. Armenica)  
was predominant, followed by A. m. carpatica and A. m. 
caucasica. Morphometric analyses revealed significant 
differences among subspecies for head width, thorax 
width, lengths and widths of fore- and hindwings, and leg  
tarsus, excluding only body length. Such variations are 
consistent with previous studies, which suggested they 
are influenced by genetic backgrounds and regional envi- 
ronmental factors (Ruttner, 1988; Ilyasov et al., 2020).

In this study, distinct regional patterns were observed 
in the prevalence of Apis mellifera subspecies across 
Uzbekistan. The Yanghikurgan population exhibited a 
relatively balanced presence of four subspecies: A. m. 
remipes, A. m. carpatica, A. m. caucasica, and A. m. car-
nica. In Tashkent, A. m. carpatica and A. m. caucasica  
were predominant, while in Sukok and Komarovka,  
A. m. remipes was the dominant subspecies. Similarly, in 
Gagarin, A. m. remipes was the most common, followed 
by similar proportions of A. m. carpatica and A. m.  

Table 1. Proportional distribution (%) of Apis mellifera subspecies collected from 32 apiaries across 6 cities (Yanghikurgan, Tashkent, Su-
kok, Komarovka, Gagarin, and Angren) in eastern Uzbekistan

Subspecies Yanghikurgan Tashkent Sukok Komarovka Gagarin Angren Overall

remipes 21.3 16.7 37.9 31.1 24.0 28.0 26.7
carpatica 17.7 28.6 16.2 23.0 29.6 21.3 24.2
caucasica 18.8 21.3 18.3 17.4 10.5 21.3 17.4
carnica 20.2 16.7 11.1 13.3 21.3 8.9 14.7
ligustica 4.2 4.6 4.6 5.9 6.1 4.5 4.9
syriaca 5.9 2.7 6.3 3.4 1.2 8.9 4.6
mellifera 5.3 3.3 3.1 3.2 2.3 3.0 3.2
ruttneri 3.1 4.4 0.9 1.2 1.9 2.4 2.2
cecropia 3.4 1.7 1.7 1.4 3.1 1.7 2.1
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carnica. In Angren, A. m. remipes also dominated, with  
A. m. carpatica and A. m. caucasica appearing at com-
parable levels. A. m. remipes is considered native to the  
southern Caucasus region, particularly Armenia and 
Anatolia (Ruttner, 1988). While no detailed studies have  
specified its altitudinal preferences, its distribution ranges  
from lowland plains to montane meadows and temper-
ate highlands, indicating a broad ecological tolerance 

(Kirpik et al., 2010). A. m. carpatica is primarily associ- 
ated with the Carpathian Mountains of Romania and 
Moldova and is assumed to be adapted to a wide range of  
altitudes, approximately 300-2,000 meters above sea 
level (Ruttner, 1988). Its presence in Uzbekistan has also  
been documented previously (Kakhramanov et al., 2021).  
A. m. caucasica, originating from the central Caucasus 
Mountain regions, is known to occur in Armenia, Azer-
baijan, Georgia, the North Caucasus of Russia, north-
eastern Türkiye, and parts of northwestern Iran (Janashia 
et al., 2025). A. m. carnica, one of the most widely uti-
lized commercial subspecies, is distributed across Slove-
nia, southern Austria, Croatia, Bosnia and Herzegovina,  
Serbia, Hungary, Romania, and Bulgaria (Ilyasov et al.,  
2020; Balazs et al., 2025). Like A. m. carpatica, A. m. 
carnica has also been reported in Uzbekistan (Kakhra- 
manov et al., 2021). Globally, Apis mellifera has recently  
been reclassified into 33 subspecies belonging to five 
evolutionary lineages, with Central Asia primarily fall- 
ing under lineages C and O (Ilyasov et al., 2020). The 
findings of this study are consistent with that classifica-
tion, as the dominant subspecies identified in Uzbekistan 
correspond to the C and O lineages.

Morphometric studies of A. m. remipes remain limited.  
Ruttner (1988) reported a forewing length of 9.068±
0.144 mm, which is not substantially different from the 
value obtained in the present study (9.01±0.442 mm).  
In the case of A. m. carpatica, morphological and biolog-
ical differences from A. m. carnica were first described  
in the early 20th century (Gaini, 1923; Safonkin et al., 
2019). Later, A. m. carpatica was recognized as a dis-
tinct subspecies rather than a subgroup of A. m. carnica 

(Zinov’eva et al., 2013). According to Mannapov et 
al. (2015), the Standard ‘Maikopski’-a reference line  
established to evaluate the morpho-ecological consis-
tency and breed-specific features of A. m. carpatica- 
shows a forewing length ranging from 9.27 to 9.63 mm. 
However, the mean forewing length measured in the pres-
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ent study was 9.00±0.466 mm, which is notably shorter.  
This may indicate a partial deviation from the standard 
morphotype of the subspecies. Deviations in morpholog-
ical traits from expected values can result from hybridi- 
zation (Kirpik et al., 2010). In a study by Frunze et al. 

(2020), differences in forewing length within the same 
subspecies were attributed to uncontrolled mating. A 
similar pattern was also observed in A. m. caucasica. 
Significant morphological differences were observed 
among subspecies across nearly all traits measured, 
including head and thorax width, lengths and widths of  
both forewings and hindwings, and the tarsus. Only total 
body length did not differ significantly across groups. 
Notably, A. m. caucasica consistently exhibited the 
smallest values in most traits, which aligns with previous  
findings that this subspecies, although smaller in body 
size, is characterized by a relatively elongated proboscis 

(Ruttner, 1988; Karakaş, 2013).
All 9 A. mellifera subspecies identified in this study 

were detected across all 6 regions of eastern Uzbekistan,  
suggesting a high potential for natural hybridization. Typ-
ically, honey bee subspecies develop distinct morpho-
logical and genetic traits through long-term geographic 
isolation imposed by physical barriers such as mountain  
ranges, deserts, and oceans (Ruttner, 1988; Sheppard and 
Meixner, 2003). However, interbreeding remains fea-
sible when these populations come into contact, either 
through human-mediated colony movements or natural 
proximity between regions. Ruttner (1988) classified 
approximately 26 A. mellifera subspecies as “geographic 
races” of a single interbreeding species, emphasizing 
their taxonomic unity. Since these subspecies are repro-
ductively compatible, the co-occurrence of multiple lin-
eages within Uzbekistan may reflect active or historical 
admixture. Additionally, the introduction of non-native 
subspecies from neighboring countries likely contributes 
to the observed diversity. For instance, Nuralieva et al. 

(2023) reported that beekeepers in Kazakhstan-Uzbeki-
stan’s northern neighbor-imported colonies from div- 
erse regions including the Caucasus, Ukraine, Russia, and  
Uzbekistan itself. Although these foreign lineages were 
incorporated in relatively small proportions, their pres-
ence supports the possibility of cross-regional gene flow. 
Collectively, these findings provide a plausible explana-
tion for the mixed distribution of subspecies observed 
in the present study and point to a high level of hybrid-
ization occurring both naturally and anthropogenically 

in the region. While the use of geometric morphometric 
analysis provides an effective and cost-efficient method  
for subspecies inference, it may not yield definitive 
taxonomic classification. In future studies, we need to 
incorporate molecular markers and phylogenetic tools to  
verify and strengthen the morphometric assignments pre-
sented here.

Our findings indicate that A. m. cecropia possesses the 
largest wing dimensions-both in length and width-
among the subspecies analyzed in this study. Previous re-
search has demonstrated that wing size in honey bees is  
closely associated with flight efficiency and foraging abil-
ity, with larger wings generally enabling longer-distance 
travel to floral resources and more effective collection 
of nectar and pollen (Greenleaf et al., 2007; Dadgostar,  
2020). Moreover, wing damage has been shown to signi- 
ficantly impair flight performance and reduce foraging 
activity, occasionally leading bees to cease foraging al- 
together (Higginson et al., 2011). These findings collec-
tively suggest that large and intact wings may serve as 
an important morphological trait that enhances foraging 
efficiency at the colony level. In this context, Uzbeki-
stan’s relatively low honey production-which ranks 
27th globally according to FAO (2018)-may not be 
solely attributable to limitations in beekeeping practices  
or environmental factors. The low prevalence of A. m. 
cecropia, a subspecies characterized by wing morphol-
ogy potentially advantageous for foraging, could also 
be a contributing factor. However, it is important to ac-
knowledge that our study did not empirically evaluate 
the direct relationship between the wing size of A. m. 
cecropia and actual productivity metrics. Therefore, such 
interpretations should be regarded as hypothetical and 
warrant further investigation. Nevertheless, considering 
its favorable morphological traits and presumed produc-
tivity potential, A. m. cecropia may represent a promis-
ing candidate for future queen breeding programs aimed 
at enhancing colony performance and honey yield. 

A comparison between the honey bees collected in 
Uzbekistan and those reported in Korea by Frunze et al. 

(2022) revealed that Korean bees exhibited larger values 
across all measured morphometric traits (Table 3). How-
ever, it is important to note that the Korean data in that 
study were not obtained from general apiaries, but from 
genetically purebred lines maintained at the National 
Institute of Agricultural Sciences. These colonies were 
preserved under artificial selection through controlled 
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breeding, rather than under field conditions. As such, the 
observed size differences may not reflect environmental 
effects alone but could result from long-term selective 
pressure and body size stabilization associated with line 
breeding. According to FAO (2018), honey production 
in Korea is higher than in Uzbekistan. While multiple 
factors such as equipment, forage availability, and man-
agement practices may also influence productivity, the 
larger body size of bees in Korean apiaries suggests a 
potential contribution of morphometric advantage to per-
formance. Thus, the comparatively smaller average body 
size of Uzbek bees may partially explain differences in  
productivity. These findings may serve as valuable base-
line information for shaping future breeding strategies in  
Uzbekistan, especially regarding the selection and im-
provement of local Apis mellifera stocks.
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