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Abstract: , the Western honeybee, is a widespread species that has differentiated into numerous geographical strains or Apis mellifera
subspecies. These subspecies differ in various characteristics, such as morphology, behavior, and ecology. In the present investigation, 
different morphometric characteristics of the Carniolan ( ) and Egyptian ( ) subspecies were Apis mellifera carnica Apis mellifera lamarckii
compared with their hybrids and backcrosses. The rates of increase in some morphometric characteristics as evidence of hybridization 
between an Egyptian virgin queen and Carniolan drones being 1.7, 3.2, 0.15, 0.5. 2.4, 0.33 and 1.43 percent for forewing length, width, 
ovariole number, spermatheca diameter, third tergit length, width, and fourth tergit length. Moreover, the backcross generation showed 
reductions for all queen characteristics resulting from hybridization between an Egyptian virgin queen and Carniolan drones being  2.35, 
4.058.6,  3.1, 0.93,4.2, 1.04, 0.34,and 11.5% for forewing width, ovariole number, spermatheca diameter, third tergit length, third tergit width, 
fourth tergit length, fourth tergit width and for queen weight. 
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Honey bees are one of the most important beneficial 

insects worldwide. Their positive impact can be measured by 

the value they contribute to the agricultural economy, their 

ecological role in providing pollination services, and the hive 

products they produce. The vital characteristics of a beehive 

with tens of thousands of honeybee workers largely depend 

on the extension of the queen's health and its reproductive 

capacity and the number of mated drones (Rangel et al 

2013). The actual attributes and mating achievement 

characterizing the reproductive quality of queens are 

associated with colony health and productivity. Queen weight 

is an actual trademark that is basic for assessing the nature of 

honeybee queens (Tarpy et al 2012). Such variety is 

impacted by an assortment of variables, including the 

hereditary foundation, the age at which the hatchling is first 

raised as a honeybee queen, the season, and the raising 

circumstances of the colony (Collins and Pettis 2013). 

However, the local adaptation of  subspecies and A. mellifera

ecotypes within the same subspecies (Büchler et al 2014) 

shows that there is potential for targeted selection and 

selective breeding programs. Modification of the genetics of 

honey bees has been attempted several times, usually 

geared towards enhancing specific characteristics that 

promote disease resistance, and a widely used system for 

queen genetic evaluation. The European study indicated that 

local genotypes fared better in their local environment 

(Büchler et al 2014 and Hatjina et al 2014). Russian honey 

bee breeding programs have been developed by the United 

States Department of Agriculture laboratory in Baton Rouge, 

LA (Rinderer et al 2010) and the Minnesota Hygienic line 

developed by researchers at the University of Minnesota, St. 

Paul, MN (Ibrahim et al 2007, Spivak et al 2009).

Mating flight requires a lighter body for suitable lift and 

flight duration; in any case, a heavier weight might decrease 

her mating success (Hayworth et al 2009). Numerous reports 

have shown positive correlations between adult queen 

weight, mating flight number, and overall mating success 

(Tarpy et al 2011, 2012).Queens who are heavier at 

emergence tend to initiate oviposition later than queens with 

lower weight after being artificially inseminated. The weight 

of the queen has also been shown to correlate with the weight 

of the ovaries, the size and number of the ovaries, the 

diameter of the spermatheca, and the number of stored 

spermatozoa (Tarpy et al 2011, Collins and Pettis 2013). In 



any case, external measurements of queen size, such as 

thorax width, head width, and wing length, are likewise 

correlated with the queen's reproductive organs. For 

instance, thorax width was discovered to decidedly 

correspond with stored sperm number; however, no 

relationship was found between thorax width and ovariole 

number or ovary weight (Tarpy et al 2011).Therefore, 

spermatheca size is another valid measure of the physical 

quality of a queen because a bigger spermatheca size can 

hold more sperm (Carreck et al 2013). Spermatheca size is 

likewise affected by rearing conditions and the queen's 

genetics and conversely corresponds to larval age. This 

variable has been used by straightforwardly assessing the 

volume and indirectly assessing the hypothetical greatest 

number of sperm stored in the spermatheca (Tarpy et al 2011 

and Carreck et al 2013). Wing morphometrics can be 

successfully used to distinguish between A. m. mellifera, A. 

m. ligustica A. m. carnica  and (Oleksa and Tofilski 2015) and 

can be successfully applied to Africanized honey bees 

(Francoy et al 2018). This process could further be 

automated making the results rapidly available (Santana et al 

2014). However, wing morphometric approach could be less 

reliable in areas of more recent invasion as is the case with 

southern USA (Francoy et al 2008).

The queen takes 1-5 mating flights during which mates 

with an average of 12-14 dronesstoring all the sperm she will 

use during her lifetime(Tarpy and Pettis 2013). After mating, 

queens undergo behavioral ,  physio logical  and 

transcriptional changes signaling their new role in the hive. 

The both seminal fluid components (such as proteins) and 

insemination volume trigger and maintain particular aspects 

of queen post-mating changes (Ninoet al 2013) which can in 

turn affect the entire colony (Peso et al 2013). Numerous 

mating has also been shown to provide benefits, including an 

expanded number of stored sperm, improved appeal of the 

queen (Richard et al 2007), upgraded division of work inside 

the colony , stabilized brood nest temperature (Oldroyd and 

Fewell 2007), further developed correspondence with 

laborers (Mattila et al 2008, Carr-Markell et al 2013), 

diminished occurrence of disease, and further developed 

colony fitness (Mattila and Seeley 2007), all of which 

positively influence colony development and survival . The 

mating number is generally used as a proxy for genetic 

diversity. The assessed sperm number stored in a queen 

spermatheca was used to evaluate the queen's reproductive 

quality (Tarpy et al 2012). Factors influencing results of 

instrumental insemination: (1) The optimal age for 

insemination of queens is 5 to 14 days post emergence. 

Queens inseminated older than 2 weeks tend to store less 

sperm in their spermathecae. Queens inseminated less than 

4 days old have high mortality. (2) The standard semen 

dosage given to each queen is 8 to 12 l.  An insufficient μ

semen dose can result in premature queen supersedure or 

premature queen failure. The (3) Post-insemination care of 

queens influences sperm storage, (a) Active movement of 

queen, appropriate brood nest temperatures, and 

attendance by worker bees promote sperm migration into the 

queen's spermatheca. (b) Queens confined in cages after 

insemination tend to store less sperm and retain semen in 

their oviducts (Cobey et al 2013). This work focuses on the 

important morphological characteristics of the honey bee 

queens of Egyptian and Carniolan honey bee races and their 

hybrids.

MATERIAL AND METHODS

The present investigation was carried out during the 

seasons of 2020 at the Department of Beekeeping, Plant 

Protection Research Institute, Dokki, Giza, Egypt. There are 

two regions that were chosen as isolated areas in Egypt 

according to their special geographical races. The first region 

was Al-Manzala center, which is in the northern part of the 

Nile Delta, where the pure Carniolan race is found. The 

second region was Manfalot Province, Assiut Governorate, 

where the pure Egyptian race is found. Three colonies from 

each of the Carniolan strain and Egyptian races were 

included in this study. 

Hybridization between Carniolan and Egyptian races: 

Hybridization was performed via instrumental insemination 

at the Department of Beekeeping, Plant Protection Research 

Institute. The first hybrid of the mentioned pure subspecies 

was established as follows: Egyptian queen  Carniolan ×

drone. The hybrids from backcrossing between the Carniolan 

strain and the Egyptian strain were established as follows: 

(Egyptian queen  Carniolan drone)  Carniolan drone.× ×

Instrumental Insemination Techniques According to 

Cobey et al 2013 

Saline diluent method: Two saline diluent methods are 

recommended. The simple formula (0.9% NaCl, 0.1% 

glucose and antibiotic) is for insemination with fresh collected 

semen used for insemination the same day (Cobey et al 

2013). The second formula is recommended when mixing 

and storing semen, including storage at temperatures above 

freezing and in liquid nitrogen (Hopkins et al 2012). 

Insemination Techniques

Eversion of the endophallus: Semen is collected directly 

from mature drones, 14 days post-emergence or older. For 

identification purposes, drones can be collected immediately 

after emergence (i.e. capturing “fuzzy” drones that are newly 

enclosed) and stored in cages placed in a bank colony 

(another honey bee colony that will tend the drones (Büchler 
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et al 2013). 

Semen collection: Semen is collected directly from the 

endophallus of many drones into a syringe and stored in 

glass capillary tubes. The amount and consistency of semen 

obtained from each drone varies and depends on skill and 

experience. Generally, each drone will yield approximately 1 

μl of semen. The standard volume of semen to inseminate 

one queen is ~8 to 12 l. Maintain sanitary conditions, as μ

drones often defecate during eversion. 

Insemination of the queen: Inseminate queens between 5 

and 12 days post-emergence. Carbon dioxide is used to 

anesthetize the queen during the procedure and also 

stimulates oviposition. Queens can be emerged in a 

queenless bank or, preferably, in their own colonies .If mating 

nuclei are used, cage the queen cells or be sure that the hive 

entrances are covered with queen excluder material to 

prevent unwanted natural mating flights. Check the 

spermatheca to determine the degree of insemination 

success. Sperm migration requires about 40 hours post 

insemination. After insemination, a subset of queens can be 

held in a nursery colony until tested.

Maintenance of queens and drones and factors affecting 

queen performance: The quality of the insemination, in 

terms of technique and sanitation, are critical. The treatment 

of queens before and after the insemination will influence the 

amount of semen stored and queen performance. Natural 

conditions should be maintained as much as possible. 

Maintenance of drones for instrumental insemination: 

Producing a large number of mature drones from select 

sources can be more challenging then queen rearing, 

especially if seasonal conditions are not optimal. Drones 

have a high rate of attrition and drift heavily among colonies. 

Free flying drones have better survival and have a prior 

opportunity to void faeces.

Maintenance of queens before and after instrumental 

insemination: The pre-and post-insemination treatment of 

queens will influence their performance. Maintain queens 

with a high proportion of nurse bees in well-fed nursery 

and/or nucleus colonies (Büchler et al 2013). Direct release 

of queens into colonies after insemination enhances sperm 

migration.

Statistical analysis: Data of all treatments were analyzed in 

a randomized complete block design analysis of variance. All 

means were compared using Duncan's multiple range tests 

at level of 0.05.

RESULTS AND DISCUSSION

Measurement of various parameters: Various anatomical 

measurements of honeybee queens are important for 

identifying bee subspecies for breeding. In the present 

investigation, the morphometric parameters of different vital 

organs were compared between the Carniolan and Egyptian 

subspecies and their hybrids and the backcross. The 

morphometric parameters of honeybee queens that were 

analyzed were length and width of the forewing, number of 

the ovarioles, diameter of the spermatheca, length and width 

of the third tergit, length and width of the fourth tergit, and the 

weight of the queen.

Honeybee queen characteristics: There were no 

significant differences in the mean length of forewing of 

honeybee queens for Egyptian and Carniolan subspecies 

and their F  hybrids and backcross being 8.98, 9.35, 9.13, 1

and 8.92 mm, respectively (Table 1). Regarding the mean 

width of forewing, there were no significant differences 

among the Egyptian and Carniolan races and their F  hybrids 1

and backcross at 2.98, 3.15, 3.08, and 2.96 mm, respectively. 

The number of ovarioles of honeybee queens showed a 

significant difference among the Egyptian and Carniolan 

subspecies, their F  hybrids, and the backcross being 1

130.77, 168.47, 131.07, and 120.65, respectively. Moreover, 

for the diameter of the spermatheca of honeybee queens, 

there were no significant differences among the Egyptian and 

Carniolan subspecies, their F hybrids, and the backcross at 1

1.005, 1.04, 1.01, and 0.98 mm, respectively. For the length 

of the third tergit of honeybee queens, there were no 

significant differences among the Egyptian and Carniolan 

subspecies, their F  hybrids, and the backcross at 8.40, 8.91, 1

8.60, and 8.52 mm, respectively. Furthermore, for the width 

of the third tergit, there were no significant differences among 

the Egyptian and Carniolan strains, their F  hybrids, and the 1

backcross at 2.89, 3.05, 2.99, and 2.87 mm, respectively. 

However, the statistical analysis showed a significant 

difference in the length of the fourth tergit among the 

Egyptian and Carniolan subspecies, their F  hybrids, and the 1

backcross at 9.62, 10.13, 9.76, and 9.65 mm, respectively. In 

addition, for the width of the fourth tergit, there was a 

significant difference among the means for Egyptian and 

Carniolan races, their F  hybrids, and the backcross at 2.89, 1

3.36, 2.92, and 2.91 mm, respectively. Regarding the weight 

of honeybee queens, there were significant differences 

among the Egyptian and Carniolan races, their F  hybrids, 1

and the backcross at 0.143, 0.173, 0.165, and 0.148 mg, 

respectively.

Increas ing  percentage o f  honeybee queen 

characteristics: There was increase in characteristics as 

evidence of hybridization between Egyptian virgin queens 

and Carniolan drones including  1.7, 3.2, 0.15, 0.5, 2.4, 0.33, 

1.43, 1.03 and 13.03 percent for forewing length, forewing 

width, ovariole number, spermatheca diameter, third tergit 

length, third tergit width, fourth tergit length, fourth tergit width 
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Character Subspecies F  hybrid1 Backcross 
hybrid

Significance Increasing 
percentage 

(F1)

Reduction 
percentage 
(backcross)Egyptian Carnica

Forewing length 8.98±0.03 9.35±0.14 9.13±0.06 8.92±0.20 NS 1.7% 2.35 %

Forewing width 2.98±0.03 3.15±0.07 3.08±0.03 2.96±0.05 NS 3.2% 4.05%

Number of ovariole 130.77±2.5 168.47±5.42 131.07±2.36 120.65±5.17 * 0.15% 8.6%

Diameter of spermatheca 1.005±0.005 1.041±0.10 1.010±0.01 0.98±0.07 NS 0.5% 3.1%

3 tergite lengthrd 8.40±0.19 8.91±0.23 8.60±0.14 8.52±0.14 NS 2.4% 0.93%

3 tergite widthrd 2.98±0.015 3.05±0.15 2.99 ±0.06 2.87±0.14 NS 0.33% 4.2%

4 tergite lengthth 9.62±0.19 10.13±0.21 9.76±0.14 9.65±014 * 1.43% 1.04%

4 tergite widthth 2.89±0.27 3.36±0.27 2.92±0.58 2.91±0.58 * 1.03% 0.34%

Weight of queen 0.143±0.007 0.173±0.006 0.165±0.005 0.148±0.08 * 13.03% 11.5%

Table . 1 Morphometric characteristics (mm) of  and queens, F  hybrids, and Apis mellifera lamarckii Apis mellifera carnica 1

backcross

Values are the mean ± S.D.; P˂0.05 between subspecies, hybrid(F1) and backcross;  P>0.05 between subspecies, hybrid(F1) and backcross* NS

and queen weight (Table 1). The backcross generation 

showed reductions for all queen characteristics because of 

hybridization between Egyptian virgin queens and Carniolan 

drones: 2.35, 4.05,  8.6, 3.1, 0.93, 4.2, 1.04, 0.34 and 11.5 

percent for forewing length, forewing width, ovariole number, 

spermatheca diameter, third tergit length, third tergit width, 

fourth tergit length, width and queen weight. Searching to 

improve honey bee queen reproductive quality is one of the 

main goals of apicultural research. The queens reared 

naturally or artificially are critical component to colony fitness 

and productivity. Thus, maximizing their reproductive 

potential is of fundamental importance to both colonies and 

beekeepers (Amiri et al 2017). The body weight of the queen 

is impacted by the age at which the young larva is grafted, 

genetic factors, and generally external rearing conditions. 

Carr-Markell et al (2013) showed that queens reared from 1-

day-old hatchings had an average of 154 ovarioles and 

queens reared from 2-day-old hatchings had 146 ovarioles, 

and those from 3-day-old hatchings had 136 ovarioles, while 

high-quality queens ought to have 150 ovarioles. The 

technique overcomes the problems resulting from lack of 

rigorous mating control under natural conditions. The queen 

is typically inseminated with semen from 8 to 12 drones 

(Cobey et al 2013).

Large volume sperm mixing may set the stage to 

implement novel breeding strategies. It allows for 

homogenous mixing of 3000 L sperm (approx. 7000 μ

drones), sufficient to inseminate up to 250 honeybee queens 

(Van Praagh et al 2014). The technique may set the stage to 

establish custom design colonies not just for honey 

production but also for other colony phenotypes of apicultural 

interest. Migration of sperm from the oviducts into the 

spermatheca is a complex process involving contraction of 

muscles mediated by the specialized composition of fluids in 

the semen and the oviduct as well as active sperm 

movement. Queens are very active after natural mating 

which also promotes sperm migration; therefore, use a direct 

queen introduction release method (Büchler et al 2013). The 

after effects of this investigation should assist queen 

breeders to work on improving rearing technologies and 

queen mating conditions, which are fundamental for affirming 

queens for commercial sale. The present study will add to a 

better understanding of how morphological measurements 

can give a norm by which to rear higher-quality queens with 

more prominent mating success and improved productive 

fitness.

The selection and improvement program could be 

developed in the native strain population. Oldroyd and Fewell 

(2007) suggested that this selective breeding should be able 

to produce a suitable genotype. Insemination is one measure 

of queen mating success, but arising data shows that mating 

variety is also significant for queen and colony productivity. 

The genetic variety inside a colony is an immediate 

expression of the number of drones and worker offspring 

(Tarpy et al 2004). Numerous experimental investigations 

have shown that genetically diverse colonies improve the 

function of laborers and decrease the degree of pathogens 

and parasites in the brood. The aims of queen breeding are 

both to preserve native wild-type strains and maintain 

desirable honeybee traits, such as honey production, 

population brood viability, brood quality and quantity, 

swarming tendency, disease resistance, pollen production, 

morphometric measurements and genetic traits (Eliza et al 

2010). Al-Abbadi (2005) reported that the length and width of 

the forewings of new Carniolan hybrid queens were 10.15 

and 3.18 mm, respectively. Furthermore, Kamel et al (2013) 

found that the forewing length and width, hindwing length and 

width, and head capsule length and width were 9.7, 3.05, 
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6.97, 2.03, 4.01, and 3.81, respectively. Taha and Alqarni 

(2013) observed that the mean body weight and forewing 

length and width of newly emerged Carniolan queens were 

165.87 mg, 9.37 mm, and 3.08 mm, respectively. Shaheen 

(2018) indicated that the  honeybee Apis mellifera carnica

queens have a mean fresh body weight ranging from 137 to 

177 mg. honeybee virgin queens have a A. mellifera carnica 

mean ovariole number ranging from 238.3 to 318.7, and the 

mean forewing length ranged from 9.40 to 9.71 mm, while the 

forewing width ranged from 3.10 to 3.27 mm.  Taha and 

Alqarni (2013) found that the ovariole number in the right 

ovary of  queens was 156.89. Hasanat A. mellifera carnica

(2018) observed  that the mean body weight of all queens 

collected from different districts was 160.0 mg, mean thorax 

width was 4.28 mm, mean queen spermatheca radius was 

0.48.0 mm and mean spermatheca area was 0.75 mm. 

However, there was an attempt to prove that there is a very 

strong correlation of the queen size with the reproductive 

potentiality of the queens where larger queens have larger 

spermathecae, store greater number of sperm and full 

spermathecae are heavier than the smaller one (Collins and 

Pettis, 2013). The average weight of queen is 160.75 mg 

which may vary (Tarpy et al 2011) .Theaverage weight of 

queens was 206.6 mg in United States. Gonzalez et al (2017) 

reported their naturally mated queens' fresh body weight as 

199.01 mg and the thorax width as 4.55 mm, in California. 

Delaney et al (2010), in another experiment in United States, 

reported an average naturally mated queen wet weight as 

184.8 mg and an average thorax width as 4.35 mm, But, the 

queens collected from different districts of Bangladesh 

produced an average thorax width of 4.28 mm. Hasanat 

(2018) likely other researchers, the study also revealed very 

strong significant positive correlations between body 

weights, body lengths with spermatheca radius, 

spermatheca area of the queens.Also found that significantly 

correlated with strong queens and heavier spermatheca with 

good storage capacity of sperms. So, bigger queens' 

progenies should be bigger than the usual.

CONCLUSIONS

The characteristics of the Egyptian honeybee queen 

were improved because of hybridization between an 

Egyptian virgin queen and Carniolan drones (F1), while the 

backcross generation showed a reduced percentage for all 

queen characteristics.
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