
Introduction

Turkey is one of the leading countries in beekeeping 
in the world with its suitable climate, vegetation, over 
8 million honey bee colonies, and over 100,000 tons 

of honey production in 2022 [1]. Although commercial 
queen breeding was started in the late 1970s and queen 
production has increased to over 400,000 over the 
years, queen breeding in Turkey is not sufficient to meet 
the demand. As a result, hundreds of queen breeders 
participate in the production chain every year to meet 
this demand [2].

The reproductive capacity of a colony’s queen is 
important for colony strength and worker bee production 
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Abstract

The Mediterranean region in Turkey is considered highly suitable for commercial queen bee rearing 
due to its temperate climate characteristics. Therefore, in the research, the queens to be examined  
in terms of quality criteria were obtained from commercial queen bee enterprises in Antalya, Mersin, 
Adana, and Hatay provinces in the Mediterranean region. In April-May, 5 queen bees from each  
of the 36 enterprises rearing queens were included in the study. Characteristics such as queen weight, 
spermatheca volume and diameter, and spermatozoa stored in the spermatheca are considered quality 
criteria, and the factors affecting them were evaluated on a total of 180 queens. Queens taken from  
the enterprises were divided into three groups according to their weight; light (172.56±1.75 mg), 
moderate (193.70±0.62 mg), and heavy (214.13±0.95 mg). The average spermatheca diameters  
in the light, medium, and heavy groups were 0.982±0.006 mm, 1.053±0.002 mm, and 1.215±0.008 mm, 
respectively. According to the average results obtained regarding the quality criteria in the study, it was 
determined that 60.55% of the queens evaluated in the study (the heavy group) were at standard quality 
levels. On the other hand, in the light and medium groups, it was observed that all values were below 
the quality standard values. These results show that while evaluating the quality criteria in queen bee 
breeding enterprises, selection can be made according to the weight of the queen bees. 
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[3-5]. For this reason, the most important member of  
a honey bee colony is the queen [5, 6], and queen 
quality is a critical factor for successful beekeeping [7].  
In beekeeping, it is a very important advantage to start 
with the use of quality breeders and qualified queens 
for economical beekeeping [8]. The characteristics that 
will be transferred to future generations through queen 
bees are of great importance in terms of colony behavior 
and productivity [9, 10]. Many factors affect queen 
quality, including genetic and environmental factors. 
Genetic characteristics are transferred to worker bees 
through the queen and the drones that mate with her 
[11, 12]. Therefore, the most important factor affecting 
the quality of the queen bee is its genetic material. With 
selection methods such as family, combination, and 
index applied to this material, some characteristics of 
bees such as viability, docility, development in spring, 
hygienic behavior, swarming tendency, honey yield, 
wintering ability, and colony development are evaluated 
[10, 13-15].

Quality criteria in reared queen bees: we can 
evaluate this by looking at features such as queen weight 
at emergence, oviposition weight, spermatheca volume 
and diameter, stored spermatozoa in spermatheca, and 
the number of egg tubes [16-18]. Factors affecting the 
emergence weight of a queen bee: we can list them as 
breed (line), cell builder, age of larva grafting, number 
of queen cells in the grafting frame, and environmental 
conditions [19-22]. Research conducted by many 
researchers at different times and places indicates a 
high correlation between body weight at emergence 
and reproductive capacity [20-23]. On the other hand, 
some researchers divided the queen bees into 3 groups 
according to their body weight: heavy (200 mg and 
above), medium (between 190-200 mg), and light (190 
mg and below), and accepted the queens with 200 mg or 
more as high quality [24, 25]. Many researchers agree 
that spermatheca capacity increases due to the decrease 
in larval age in queen rearing [8, 25, 26]. A queen’s 
productivity and longevity depend on the queen’s ability 
to store spermatozoa and the size of the spermatheca 
[27]. Researchers report that queen bee sperm sac size 
may be a quality factor, with more sperm being stored in 
a larger sperm sac [18, 27, 28].

A good-quality queen should have a high body 
weight, multiple ovaries, and a large spermatheca. In 
addition, the queen must be able to successfully mate 
and store enough live spermatozoa in the spermatheca 
sac and be resistant to diseases [28-30]. Since it is the 
source of the hereditary structure, the characteristics of 
the colony, such as strength, hard work, being cautious 
or aggressive, being susceptible or resistant to diseases, 
wintering ability, honey yield, tendency to swarm, and 
tendency to collect pollen and propolis, depend on the 
queen bee and the drones mating with her.

Queen bees obtained from commercial queen bee 
enterprises were grouped according to their live weights 
and examined in terms of quality criteria. In this study, 
it was aimed to determine concretely the effect of 

live weight on other quality parameters in queen bees 
obtained from commercial queen enterprises. Thus, 
the issues that both the queen bee producers and the 
beekeepers who purchase and use them in their colonies 
should pay attention to in terms of meeting the quality 
criteria have been determined. 

Material and Methods 

Fieldwork of Research 

When purchasing queens from enterprises that reared 
queens in the Mediterranean region, at the same time, 
information about their enterprise’s capacity, queen 
production method, and honey bee breeds they used 
was also collected. The mated queens to be used in the 
research were purchased in April-May from enterprises 
engaged in commercial queen rearing in the provinces 
of Antalya, Mersin, Adana, and Hatay, which form  
the coastline of the Mediterranean region. Twenty of these 
enterprises produce in Antalya, eleven in Mersin, one  
in Adana, and four in Hatay. These enterprises, which 
are engaged in queen-rearing activities, are enterprises 
with different production capacities (700-24,000 queens). 
It has been observed that all queen-rearing enterprises 
use the larva grafting (Doolittle) method. In this region, 
which was very suitable for queen bee production  
in the early period, 180 queen bees purchased from  
36 enterprises constitute the main material of the study.

Laboratory Work of Research 

After weighing the live weights of the egg-laying 
queens on a sensitive scale (mg level), three groups 
were formed based on their weight at the beginning of  
egg-laying (mg/queen). Queens weighing 185 mg and 
below were classified as light, those between 185 and 
199 mg as moderate, and those weighing 200 mg and 
above as heavy. After the live weight measurements 
of the queen bees, the spermatheca of the queen bees 
were removed, and the tracheal network was cleaned 
(Fig. 1). Then, preparations were made for microscopic 
measurement of spermatheca, sperm count, and 
spermatozoa counting (Fig. 2 and Fig. 3).

 Spermatheca of light, medium, and heavy queens 
were removed, and diameter was measured with  
a 4.5x10 magnification stereo microscope by means  
of an ocular micrometer without a tracheal net [8].  
The number of spermatozoa and the volume of 
spermatheca were determined using the method 
described by [30-32].

To determine the total quantity of spermatozoa 
within the sperm sac of the queen bee, we calculated 
the number of spermatozoa in a 1 ml mixture contained 
within the square section of the Thoma slide. This 
calculation was based on the volume of the square 
section, which measures 1 mm x 1 mm x 0.1 mm, 
resulting in a volume of 0,1 mm3.
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The amount of spermatozoa in 1 ml of mixture 
number of spermatozoa observed

    =      x10.000
Number of square observed 

As indicated in the provided formula, once the 
sperm quantity in 1 ml of the mixture is determined, 
the obtained result is then multiplied by a factor of 10 to 
calculate the total sperm quantity present in the sperm 
sacs of the queens [8].

Statistical Analysis

The normality of the data distribution was assessed 
through the Kolmogorov-Smirnov test. Subsequently, 
a one-way ANOVA analysis was conducted using 
the SPSS statistical program to examine the data, 
and comparisons of the means of significant features 
were carried out using Duncan’s Multiple Range Test.  
In addition, PCA (Principal Component Analysis) was 
employed to elucidate the relationship between the study 
samples and the resulting analysis findings, as well as to 
uncover the distribution patterns within the data.

Fig. 1. Removal of spermatheca from queen bee and cleaning of tracheal net.

Fig. 2. Measurement of spermatheca with a microscope. 

Fig. 3. Preparation for sperm count and spermatozoa count. 
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Results and Discussion

Evaluation in Terms of Queen Weight 

The effects of queen bee weights examined in the 
research based on quality criteria are summarized in 
Table 1.

It was determined that the live weight of the 
commercially produced queens, which were grouped as 
light, medium, and heavy, ranged from 145 to 248 mg, 
and the average was 203.01±1.29 mg (Table 1). The 
difference between queens in the light (172.56±1.75 mg), 
medium (193.70±0.62 mg), and heavy (214.13±0.95) 
groups was very significant (P<0.01).

The first two Principal Components (PC) explained 
100.00% of the variance (PC1: 98.78%; PC2: 1.22%). 
It was determined that the heavy group of queen bees 
had a positive effect on the criteria considered as 
quality criteria. When Fig. 4. is examined closely, it 
is understood that when purchasing queen bees from 
commercial queen bee enterprises, preference should be 
made considering the characteristics of the heavy group 

(200 mg and overweight) in the research. It is seen that 
the heavy group meets the quality criteria accepted as 
98.78%. (Fig. 4).

The average queen weight in the examined 
enterprises was determined to be 203.01±1.29 mg,  
and it was seen that 60.55 % of the total (heavy group) 
were within quality standards in terms of live weight 
(Table 1). High live weight in queen bees is preferred 
and considered a quality factor [20, 33, 34].

In light of these data, we can argue that one of the 
most important queen bee quality criteria is the live 
weight of the queen bee. However, the results of studies 
investigating the relationship between the queen bee’s 
reproductive organs and external measurements such 
as the queen bee’s thorax width, head width, and wing 
lengths are not compatible with each other. For example, 
while the number of stored sperm and mating frequency 
had a positive effect on thorax width [35], no effect was 
found on the number of ovaries, ovarian weight, or the 
number of matings [23, 34].

Class of queens N % Average weight of 
queens (mg)

Average diameter of 
spermatheca

(mm)

Average 
spermatheca volume

(mm³)

Average number of 
spermatozoa

(×106)

Light 25 13.88 172.56±1.75c 0.982±0.006c 0.497±0.009c 1.658±0.770c

Moderate 46 25.55 193.70±0.62b 1.053±0.002b 0.613±0.005b 2.751±0.531b

Heavy 109 60.55 214.13±0.95a 1.215±0.008a 0.954±0.020a 5.087±0.132a

Total 180 100 203.01±1.29 1.114±0.008 0.803±0.018 4.014±0.131
a,b,c averages denoted by different letters different from each other, Duncan, (P<0.01), N: Number, mg: Milligram, mm: 
millimeter, mm³: Cubic millimeter

Table 1. The average values (mean ± standard error) of the parameters of the reproductive characteristics of the examined queen bees 

 
Fig. 4. Scatter plot showing the charge distribution of reproductive traits on the first two principal components. 
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between queens in the light (0.982±0.006 mm),  
moderate (1.053±0.002 mm), and heavy (1.215±0.008 mm) 
groups was very significant (P<0.01). On the other 
hand, a R2 = 0.877 positive and linear relationship was 
determined between queen weight and spermatheca 
diameter (Fig. 6). According to the results obtained, it 
is seen that only the heavy group meets the standard 
values in terms of the examined feature.

Evaluation in Terms of Spermatheca Volume 

The average spermatheca volume of queens 
obtained from commercial enterprises was calculated 
as 0.803±0.018 mm3. This value was determined as 
0.497±0.009 mm3 in the light group, 0.613±0.005 mm3  
in the moderate group, and 0.954±0.020 mm3 in the 
heavy group. The difference observed between the 
groups was very significant (P<0.01). According to the 
results obtained, it is seen that only the heavy group 
meets the standard values in terms of the examined 
feature (Table 1).

Evaluation in Terms of the Number of Sperm Stored 

During this study, the average quantity of 
spermatozoa stored within the spermatheca of queen 
bees was determined to be 4.014±0.131 million. The 
number of sperm stored in the light, medium, and heavy 
groups was 1.658±0.770, 2.751±0.531, and 5.087±0.132 
million, respectively, and the difference between the 
weight groups was very significant (P<0.01). In terms of 
the examined feature, it was determined that the heavy 

Evaluation in Terms of Spermatheca Diameters 

When Fig. 5 is examined in detail, as the live weight 
of the queen increases, spermatheca diameters also 
increase. It was found that spermatheca diameters ranged 
between 0.95 and 1.47 mm in queen bees obtained from 
commercial enterprises, and the mean spermatheca 
diameter was 1.114±0.008 mm (Table 1). The difference 

Fig. 6. The relationship between weight and spermathecae diameter.

Fig. 5. Variation in spermathecae diameters according to queen 
weight. 
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group met the standards, and the other two groups were 
below the standard values (Table 1).

This study, which primarily concentrated on 
evaluating the quality parameters of queens reared 
by commercial breeders in the Mediterranean region 
of Turkey, has yielded a few noteworthy findings.  
The Mediterranean region’s temperate climate, known 
for its suitability for commercial queen rearing, played  
a central role in this research.

When evaluated in terms of queen weight, according 
to the results of the study, it is seen that the heavy group 
meets the standard values for queen weight. The other 
two groups are below the standard value. Live weight 
(mg/queen), which is a primary quality characteristic of 
queen bees, is evaluated in three groups; light (less than 
185 mg), medium (between 185-199 mg), and heavy 
(200 mg and above) (Table 1). Queen bees weighing 200 
mg or more are of high quality [24, 29].

As a matter of fact, it has been determined that heavy 
queen bees can generally control the colony better, store 
more sperm, produce more egg protein, and lay more 
eggs [4, 22, 29]. 

The study revealed that the average live weight 
exceeded the previously determined average of 167.8 mg 
for various bee breeds in the Mediterranean Region, as 
reported in Arslan et al. (2015) [36]. It was determined 
that it was compatible with the average (206,23 mg and 
191,04 mg) values of the queens raised in the spring 
period in Antalya and in the same enterprises [8]. 

Based on the average live weight determined in this 
study, it is evident that queen bees can be successfully 
reared to meet desired quality standards during the 
production period, specifically in April and May, within 
the Mediterranean region. This observation is in line 
with prior research, which consistently demonstrates 
that the spring months of April and May are conducive 
for producing high-quality queen bees. Conversely, it is 
established through previous studies that the months of 
August and September are not favorable for this purpose 
[8, 31, 32, 36].

When evaluated in terms of spermatheca diameters, 
in this study, the average diameters of spermatheca for 
the light, moderate, and heavy groups, respectively, 
were determined by Akyol et al. [24] and found to be 
compatible with the values (0.861±0.2 mm, 1.061±0.2 
mm, and 1.258±0.2 mm) reported (Fig. 5 and Fig. 6).

On the other hand, for queens reared by the Doolittle 
method, the average value (0.98±0.1 mm) was found 
to be lower than the medium and heavy groups, while 
it was found to be compatible with the light group 
[37]. According to Hatjina et al. [29], the spermatheca 
diameter should be 1.2 mm and above in a quality 
queen. In this study, it is seen that only the values 
obtained from the heavy group are compatible with this 
result. According to these results, it was seen that the 
heavy group (60.55%), which constituted 60.55% of the 
evaluated queens, was following the quality standards 
in terms of spermatheca diameter. The diameter  
of the spermatheca, considered a crucial quality 

criterion, is reportedly influenced significantly by 
factors such as the season and the quality and quantity 
of pollen supplied to the colony. This observation is 
supported by studies conducted by Chuda-Mickiewicz 
and Samborski [38]. 

This study also provides the opportunity to evaluate 
queen bees in terms of spermatheca volume. While it 
is desired to have a spermatheca volume of 0.90 mm³/
queen and above in a quality queen [29], the results 
calculated for the heavy group in this study were found 
to be above this value. Woyke and Jasinski reported 
that the size of the spermatheca should not be ignored 
because the spermatozoa transferred from the oviducts 
to the spermatheca are related to the volume of the 
spermatheca rather than the amount of semen removed 
[18, 39]. On the other hand, it is reported that large 
queen bees have larger spermatheca volumes and store 
more sperm, which is also consistent with our study [34]. 
According to the results of the research, it was seen that 
only the heavy-group queen bees met the desired quality 
standards in terms of spermatheca volume. In this study, 
evaluation was also made according to the number of 
stored sperm (Table 1). In this study, the values obtained 
for the light and moderate groups Akyol et al. [24] were 
found to be lower than the values (4.15±0.1 million, 
4.75±0.2 million) reported for the same group, while the 
value (5.19±0.2 million) obtained for the heavy group 
was found to be consistent with the mean value reported 
for the same group.

It has been reported that there are an average of  
5.3 million spermatozoa in the spermatheca of naturally 
mating queen bees [34, 39]. On the other hand,  
as a quality criterion, the number of stored spermatozoa 
is required to be 5 million or more [29, 31].

When evaluated in terms of the number of 
spermatozoa stored in the spermatheca among various 
queen bee groups, it was observed that the heavy group, 
which represents 60.55% of the queens supplied from 
the enterprises, consistently met the quality standards, 
while the other groups did not reach this threshold.

One of the key findings of this study was the 
substantial influence of live weight on the quality 
criteria of queen bees. Queen bees were categorized 
into three weight groups: light, moderate, and heavy. 
Queens categorized as part of the “heavy” group, 
defined by a live weight of 200 mg or more, consistently 
demonstrated compliance with the established quality 
standards across various criteria. Specifically, the 
“heavy” group of queens, representing 60.55% of the 
total population, exhibited the highest adherence to 
quality standards, suggesting that selecting queens with 
a live weight of 200 mg or more can be an effective 
criterion for improving queen bee quality. This finding 
underscores the importance of live weight as a practical 
and reliable measure for both queen bee producers and 
beekeepers who purchase and utilize queens in their 
colonies.
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Conclusions

In conclusion, this study contributes valuable 
insights to the field of apiculture, especially in the 
context of queen bee quality assessment. It highlights 
the practical utility of live weight as a selection 
criterion for producing high-quality queens, which is 
essential for robust and productive honey bee colonies.  
The results offer guidance to both queen bee producers 
and beekeepers, encouraging them to consider  
live weight as a vital factor in their queen selection 
processes. Furthermore, the study underscores the 
importance of raising not only high-quality queen 
bees but also quality drones, as the genetic makeup of 
both queens and drones significantly impacts colony 
performance. As the global beekeeping community 
faces ongoing challenges related to pollinator health and 
colony sustainability, improving the quality of queen 
bees becomes increasingly crucial for the industry’s 
future success. 

Acknowledgments

This study was funded by Akdeniz University 
Scientific Research Project (FBA-2018-3442), Akdeniz 
University, Turkey. This study did not require ethics 
committee permission. Authors approved the publication 
of this study. Raw data that support the findings of this 
study are available from the corresponding author, 
upon reasonable request. The study was designed and 
supervised by Servet Arslan. Material preparation, data 
collection and analysis were performed by Habibe Sema 
Arslan. The manuscript was written by Servet Arslan.

Conflict of Interest

The authors declare that the research was conducted 
in an environment in which there was no commercial or 
financial relationship with any institution or person that 
could be construed as a potential conflict of interest.

References 

1. TUIK. Plant Production Data of Turkish Statistics Institute 
(TUIK). Available online: http://www.tuik.gov.tr (accessed 
on 10.10.2023)

2. TEPGE- Product Report BEEKEEPING. Agricultural 
Economy and Policy Development (TEPGE). Available 
online: https://arastirma.tarimorman.gov.tr/tepge (accessed 
on 08.10.2023)

3. UZUNOV A., MIFSUD D., GALEA T., CUTAJAR S., 
ZAMMIT-MANGION M., MEIXNER M.D. Development, 
behaviour, productivity, and health status of the native 
honey bee Apis mellifera ruttneri vs. the introduced A. m. 
ligustica in Malta. Apidologie, 54 (4), 34, 2023.

4. DE SOUZA D.A., HUANG M.H., TARPY D.R. 
Experimental improvement of honey bee (Apis mellifera) 

queen quality through nutritional and hormonal 
supplementation. Apidologie, 50, 14, 2019.

5. GRAY A., ADJLANE N., ARAB A., BALLIS A., 
BRUSBARDIS V., BUGEJA DOUGLAS A., CADAHÍA 
L., CHARRIÈRE J.-D., CHLEBO R., COFFEY M.F. 
Honey bee colony loss rates in 37 countries using the 
COLOSS survey for winter 2019-2020: the combined 
effects of operation size, migration and queen replacement. 
Journal of Apicultural Research, 62 (2), 204, 2023.

6. KHAN K.A., GHRAMH H.A., AHMAD Z. Honey bee 
(Apis mellifera jemenitica) colony performance and queen 
fecundity in response to different nutritional practices. 
Saudi Journal of Biological Sciences, 29 (5), 3151, 2022.

7. MATTIELLO S., RIZZI R., CATTANEO M., MARTINO 
P.A., MORTARINO M. Effect of queen cell size on 
morphometric characteristics of queen honey bees (Apis 
mellifera ligustica). Italian Journal of Animal Science, 21 
(1), 532, 2022.

8. ARSLAN S., CENGIZ M.M., GÜL A., SAYED S. 
Evaluation of the standards compliance of the queen 
bees reared in the Mediterranean region in Turkey. Saudi 
Journal of Biological Sciences, 28 (5), 2686, 2021.

9. LEVESQUE M., ROUSSEAU A., GIOVENAZZO P. 
Impacts of indoor mass storage of two densities of honey 
bee queens (Apis mellifera) during winter on queen 
survival, reproductive quality and colony performance. 
Journal of Apicultural Research, 62 (2), 274, 2023.

10. GUICHARD M., NEUDITSCHKO M., SOLAND G., 
FRIED P., GRANDJEAN M., GERSTER S., DAINAT 
B., BIJMA P., BRASCAMP E.W. Estimates of genetic 
parameters for production, behaviour, and health traits in 
two Swiss honey bee populations. Apidologie, 51, 876, 
2020.

11. MAUCOURT S., ROUSSEAU A., FORTIN F., ROBERT 
C., GIOVENAZZO P. Observation of genetic gain with 
instrumental insemination of honeybee queens. Insects, 14 
(3), 301, 2023.

12. METZ B.N., TARPY D.R. Reproductive and 
Morphological Quality of Commercial Honey Bee 
(Hymenoptera: Apidae) Drones in the United States. 
Journal of Insect Science, 21, (6) 2, 2021.

13. BÜCHLER R., ANDONOV S., BIENEFELD K., COSTA 
C., HATJINA F., KEZIC N., KRYGER P., SPIVAK M., 
UZUNOV A., WILDE J. Standard methods for rearing and 
selection of Apis mellifera queens. Journal of Apicultural 
Research, 52 (1), 1, 2013.

14. GÜLER A. Bal arısı (Apis mellifera L.) yetiştiriciliği 
hastalıkları ve ürünleri. Basım. Azim Matbaacılık. 
Ankara, 419, 2017.

15. YU L., SHI X., HE X., ZENG Z., YAN W., WU X. High-
quality queens produce high-quality offspring queens. 
Insects, 13 (5), 486, 2022.

16. DOLASEVIC S., STEVANOVIC J., ALEKSIC N., 
GLAVINIC U., DELETIC N., MLADENOVIC M., 
STANIMIROVIC Z. The effect of diet types on some 
quality characteristics of artificially reared Apis mellifera 
queens. Journal of Apicultural Research, 59 (1), 115,  
2020.

17. SHARMA S. General review on artificial queen rearing 
in honey bees. Journal of Entomological Research, 45 (2), 
316, 2021.

18. WOYKE J. Rearing conditions and number of sperms 
reaching the queens spermatheca. 1967.

19. KAMBOJ R., SHARMA S.K., RATHEE M., RAO N. 
Comparative Quality Traits of Apis mellifera L. Queens 
Raised through Standard Queen Rearing Methods in 



Servet Arslan, Habibe Sema Arslan6054

the Spring Breeding Season. International Journal of 
Environment and Climate Change, 13 (11), 1668, 2023.

20. MASRY S., ABD EL-WAHAB T., HASSONA N.M. 
Origin, weight at emergence of virgin honey bee queens 
and its effect on acceptance during introduction. Academic 
Journal of Entomology, 8 (4), 174, 2015.

21. OKUYAN S., AKYOL E. The effects of age and number 
of grafted larvae on some physical characteristics of queen 
bees and acceptance rate of queen bee cell. Turkish Journal 
of Agriculture-Food Science and Technology, 6 (11), 1556, 
2018.

22. SKOWRONEK W., BIEŃKOWSKA M.G., KRUK C. 
Changes in body weight of honey bee queens during their 
maturation. Journal of Apicultural Science, 48 (2), 61, 
2004.

23. TARPY D., KELLER J., CAREN J., DELANEY 
D. Experimentally induced variation in the physical 
reproductive potential and mating success in honey bee 
queens. Insectes Sociaux, 58, 569, 2011.

24. AKYOL E., YENINAR H., KAFTANOGLU O. Live 
weight of queen honey bees (Apis mellifera L.) predicts 
reproductive characteristics. Journal of the Kansas 
Entomological Society, 81 (2), 92, 2008.

25. KAHYA Y., GENÇER H.V., WOYKE J. Weight at 
emergence of honey bee (Apis mellifera caucasica) queens 
and its effect on live weights at the pre and post mating 
periods. Journal of Apicultural Research, 47 (2), 118, 2008.

26. GOTOH A., SASAKI K. Caste differentiation of 
spermatheca and organs related to sperm use and 
oviposition in the honeybee, Apis mellifera. Apidologie, 52 
(1), 262, 2021.

27. KAHYA Y., GENÇER H.V. The effect of semen dilution 
on the number of spermatozoa entering the spermatheca 
of the queen honey bee (Apis mellifera L.). Turkish Journal 
of Agriculture-Food Science and Technology, 10 (2), 330, 
2022.

28. ÖZTÜRK A.İ. Ana Arıda Kalite Kavramı ve Ana Arı 
Kalitesini Etkileyen Faktörler . ANADOLU Ege Tarımsal 
Araştırma Enstitüsü Dergisi, 24 (1), 53, 2014.

29. HATJINA F., BIEŃKOWSKA M., CHARISTOS L., 
CHLEBO R., COSTA C., DRAŽIĆ M. M., FILIPI J., 
GREGORC A., IVANOVA E.N., KEZIĆ N. A review of 
methods used in some European countries for assessing 
the quality of honey bee queens through their physical 
characters and the performance of their colonies. Journal 
of Apicultural Research, 53 (3), 337, 2014.

30. ÖZBAKıR G.Ö. The relationship between the internal 
and external morphological parameters of honeybee 
queens (Hymenoptera: Apidae) and the determination of 
morphological variation. South African Journal of Animal 
Science, 53 (1), 17, 2023.

31. ARSLAN S., CENGIZ M.M. Türkiye’nin farkli 
illerinde sonbahar döneminde üretilen ana arilarin kalite 
kriterlerinin değerlendirilmesi. Uludağ Arıcılık Dergisi, 
20 (1), 62, 2020.

32. CENGIZ M., YAZICI K., ARSLAN S. The effect of the 
supplemental feeding of queen rearing colonies on the 
reproductive characteristics of queen bees (Apis mellifera 
L.) Reared from egg and different old of larvae. Kafkas 
Universitesi Veteriner Fakultesi Dergisi, 25, 2019.

33. AHMED A., MOUSTAFA A., KHODAIRY M., ABOU-
GHADIR M. Evaluation of commercial honey bee queens 
quality in Egypt. Journal of Phytopathology & Pest 
Management, 5 (2), 2018.

34. FACCHINI E., DE IORIO M.G., TURRI F., PIZZI F., 
LAURINO D., PORPORATO M., RIZZI R., PAGNACCO 
G. Investigating genetic and phenotypic variability 
of queen bees: Morphological and reproductive traits. 
Animals, 11 (11), 3054, 2021.

35. DELANEY D.A., KELLER J.J., CAREN J.R., TARPY 
D.R. The physical, insemination, and reproductive quality 
of honey bee queens (Apis mellifera L.). Apidologie, 42, 1, 
2011.

36. ARSLAN S., GÜLER A., ARSLAN H. Quality criteria 
and standards compliance with grown queen bee at 
Mediterranean region in Turkey, 2015.

37. DODOLOGLU A., EMSEN B., GENE F. Comparison of 
some characteristics of queen honey bees (Apis mellifera 
L.) reared by using Doolittle method and natural queen 
cells. Journal of Applied Animal Research, 26 (2), 113, 
2004.

38. CHUDA-MICKIEWICZ B., SAMBORSKI J. Effect of 
restricted pollen supply to colonies on the quality of reared 
queen bees. Acta Scientiarum Polonorum Zootechnica, 18 
(3), 21, 2019.

39. WOYKE J., JASINSKI Z. Influence of external conditions 
on the number of spermatozoa entering the spermatheca of 
instrumentally inseminated honeybee queens. Journal of 
Apicultural Research, 12 (3), 145, 1973.


