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Abstract: Human management and selective breeding are believed to improve many economically important strains of a 

given honeybee population to benefit the beekeepers. Selective breeding is supposed to be a promising way to estimate value 

of stock improvement elsewhere, though it is not a common practice in our local honeybees. Thus, to evaluate, select and 

maintain the best performing stock of local honeybee colonies based on different performance parameters, we obtained 120 

honeybee colonies of Apis mellifera bandasii from local beekeepers within traditional hives and transferred into movable 

frame hive at two apiaries. All the transferred colonies were managed properly to establish themselves and acquire uniform 

strength. At each of the two sites 50 colonies with similar resources (brood, nectar and pollen) and colony strengths were 

selected and maintained under continues follow-ups for data collections. The colonies were evaluated for different parameters 

such as brood development, brood solidness, hygienic behavior and honey yield. The results of the study indicated that 

honeybee colonies after selection showed significant differences in brood solidness, hygienic behaviors and honey yield 

compared to honeybee’s population before selection. This study revealed a 42% increment in honey yield only due to selecting 

and rearing of queens from the best performing lines. Moreover, brood quality (solidness) and hygienic behavior of local 

honeybee colonies were significantly improved from 86.6 to 94.3% and 86.0% to 91.2% due to selection. From this practical 

point of view, it is possible to conclude that there is a possibility of improving the production performance of native stock 

through selection and breeding of maternal lines. 
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1. Introduction 

The process of domestication often brings about 

profound changes in levels of genetic variation in animals 

and plants. The honeybees, Apis mellifera, has been 

managed by humans for centuries for both honey and 

beeswax production and crop pollination. Human 

management and selective breeding are believed to have 

improved many economically important strains that benefit 

beekeepers [14]. Genetic improvement in any organism has 

the objective of increasing the gene frequencies of the 

economic importance of loci to be selected in the 

population. In relation to bees, this means increasing the 

frequency of the number of colonies that produce above the 

average generation from which the selection was made [17]. 

In relation to bees, this means increasing the number of 

colonies that produce above the average generation from 

which the selection can be made.[2]. 

In the majority of selection and breeding programs, 

economic traits, such as honey productivity and colony 

strength together with traits desirable for modern 

beekeeping like gentle temper and low swarming tendency 

have been of predominant importance [4]. The production 

of honey and other products is the result of the combine 

work of the honeybee colony [6, 17], and therefore the 

entire colony becomes a unit of selection, where the 

assessment of improved queens is carried out by their 

progeny performance tests [6, 15, 17]. Honey and other bee 

product production studies allowed to observe considerable 

variation within a honeybee colonies [2, 5, 17]. For instance, 
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it has been reported that selective breeding of queen bees 

increased honey production by about 30% [2] and royal 

jelly production by 10 times [5]. The strong impact of 

selective breeding on the population is evident due to the 

significant variability in honeybee colonies. Moreover, 

queen selection according to honey production has been 

suggested as an effective tool for improving honey 

production of a given honeybee population [2]. Furthermore, 

performance test based selective breeding and mass 

propagation of selected breeder colonies are well 

established practice elsewhere [4]. 

Therefore, the genetic gain was low not only because of 

the low heritability of traits (influenced by the large 

environmental variation), but also by low selection 

differentials observed in the parental generation, as a 

characteristic genetic gain is equal to the product of their 

differential selection in the parental generation for its 

heritability [4]. On the other hand, local beekeepers are 

currently looking for honeybee colonies with high honey 

yield and other desirable behavioral traits. For this purpose, 

selecting and maintaining of a good quality stock of local 

honeybees through selection is very critical at least to lay 

foundation for further selective breeding and improvement 

programs. Therefore, the aim of this preliminary work was to 

evaluate, select and maintain best performing stock of local 

honeybee colonies based on stated performance parameters. 

2. Materials and Methods 

2.1. Study Sites and Colony Treatments 

This study was conducted at two apiaries of Holeta Bee 

Research Center (Holeta and Muger), Oromia Regional State, 

Ethiopia from September 2014 to June 2018 for five 

consecutive years. Honeybee colonies used for the experiment 

were obtained from local beekeepers found around the two 

study sites. For this experiment, 120 local A. m. 

bandasiicolonies (60 honeybee colonies for each site) in 

traditional hives were obtained and transferred into movable 

frame hives in the first month of the first active season 

(September 2014). All the transferred colonies were managed 

in uniform manner until they are establishedproperly and 

acquire uniform strength. At the middle of the first active 

season, after the colonies were well established and acquired 

uniform strength, all the colonies were inspected and 100 bee 

colonies (50 at each site) with similar resources, such as brood, 

nectar and pollen, and bee population [18] were selected and 

maintained under continuous follow-ups for data collections. 

2.2. Colony Evaluation Parameters 

2.2.1. Brood Area 

The area occupied by immature worker honeybees (eggs + 

larvae + capped brood) in each colony was evaluated every 

21 days by overlaying a 5 × 5 cm wire grid frame on each 

side of every brood frame and the area covered with the 

brood was visually summed [7] (Figure 1). 

 

Figure 1. Grid frames placed over brood comb. 

2.2.2. Honey Production 

Harvested honey yield was measured as a difference 

between weight of honey frames before and after honey 

extraction, and yield data were recorded for each colony at 

each apiary site. All honey yield data obtained from each 

colony were summed up to obtain the total yield from 50 

honeybee colonies for each apiary. From the total honey 

yield, the average honey yield was calculated for the colonies 

at each apiary at the end of honey flow season. Then, the 

mean honey yield was compared to the amount of honey 

yield obtained from each colony and colonies that recorded 

honey yield above the average were qualified and used for 

further selection. 

2.2.3. Brood Pattern (Solidness) Test 

Based on the first honey yield results, 40% of the colonies 

which were found to perform above the average honey yield 

were used for the evaluation of brood solidness over four 

brood rearing seasons (two study years). The degree of 

worker brood solidity was determined using a piece of 

cardboard cutting enclosing 10 x 20 worker cells (area 

enclosing 200 cells) following a method used by Delaplane et 

al.[7] with little modification (Figure 2). The number of 

empty cells from these 200 cells was counted and recorded. 

Based on the total number of empty cells, percentage of 

viable brood was calculated for each colony under 

consideration. Colonies with brood solidity ≥ 85% 

considered as best performers and selected for the next 

evaluation for further selection. 

 

Figure 2. A piece of cardboard with a square equal in size to 10 x 20 cells is 

laid over a patch of brood. Percentage brood solidness is measured directly 

as (200 - no. empty cells). 
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2.2.4. Hygienic Behavior Test 

For hygienic behavior study of the colonies, pin-killed 

method was used to evaluate the rate of removal of pin-killed 

young pupae as described elsewhere [3]. For this purpose, 

newly sealed brood cells punctured with a fine pin to kill the 

pupa beneath the capping in each colony. For each pupa only 

single hole was used to pierce the pupa several times at 

different angles. The frame with pin-killed brood was marked 

for easy identification during data collection. After 24 and 48 

hours, the number of cells uncapped and cleaned out were 

counted and recorded. After several replications under both 

environmental conditions, percent removal of dead brood was 

calculated following a formula previously described [1]. 

Honeybee colonies that have cleaned at least 90% of the cells 

within 48 hours were considered as hygienic colonies and 

subjected to further evaluation (queen rearing for honey 

production evaluation). Accordingly, 13 and 12 colonies that 

displayed high hygienic behavior were selected at Holeta and 

Muger respectively. 

  

Figure 3. Pin-killed test was used, where 100 cells containing pupae were pierced through the cell capping with an entomological pin size number. 

2.3. Assessment for Further Yield Improvement 

The best performing colonies from each sub-line were 

used to rear queens to test if there is an improvement in 

honey yield and other parameters for the second generation 

colonies. The required virgin queens were reared by using 

grafting method from parental stock lines selected, those 

passed through the evaluation criteria for honey production, 

brood solidity and hygienic behavior. The reared virgin 

queens were allowed to mate naturally with drones within 

and around the two areas during active season. This step was 

repeated every active season. Old queens were replaced by 

newly reared queens and managed for honey production. 

Honey yield and brood solidity and hygienic data were 

collected from colonies headed by the new queens, and 

compared with the results from the initial colonies. 

3. Statistical Analysis 

All the recorded results were analyzed using descriptive 

statistics and tested using t-test and general linear (GLM) 

model and presented using tables and graphs. 

4. Results and Discussion 

4.1. Measurement of Brood Development in Selection 

Process 

The overall average brood area measured at different times 

for the honeybee colonies kept at both sites (Holeta and 

Muger) is presented in Table 1. Brood rearing activity was 

not significantly (p >0.05) varied for the colonies at the three 

time points (before first round culling, before second round 

culling and after stock-line selection) during the selection 

process, suggesting that colonies brood rearing tendency 

could be affected by external factors other than the colony 

phenotype [10, 17]. For instance, brood rearing tendency of a 

colony is significantly affected by environmental conditions 

[11]. This, may suggest that rate of brood production by 

honeybee colonies is less important for the preliminary line 

selection of honeybee colonies. 

Table 1. Mean ± standard error (SE) of brood population and brood solidity of honeybee colonies during selection. 

Category of test colonies Mean ± SE of brood area (number of frame) Mean ± SE of percent brood solidity 

Before selection (initial population) 4.8 + 0.2a 86 + 0.5b 

After culling colonies performed below average honey yield 4.7 + 0.3a 90.4 + 0.7a 

Queens reared from selected colonies 5.2 + 0.6a 91.2 + 1.4a 

Means followed by similar letters in the column do not significantly differ p ˃ 0.05 
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4.2. Brood Solidness 

Brood solidness is expressed by the percentage of empty 

worker cells in a brood patch of a given area. In fact, the 

quality of brood pattern, which is the degree of worker 

brood solidity, is one of the general measures that indicates 

the wellbeing of a colony [12, 20]. In this study, we found 

that brood solidity in colonies reared from selected lines 

were significantly (p ˂ 0.05) elevated compared that of the 

initial population (before culling) (Table 1), showing that 

quality of brood pattern for selected lines is within the 

acceptable level of empty cells (<10%) [7]. This high 

quality of brood pattern, as indicated by solid patches of 

capped brood in colonies reared from selected lines of 

queens, designates line selection elevates brood pattern 

quality, which in turn, improves brood viability and reduces 

the risk of colony mortality due to poor brood pattern [12]. 

This result clearly shows that brood patter can be 

significantly improved through selective breeding and 

suggests that brood solidness is an important selection 

metric to be considered during stock improvement. 

4.3. Hygienic Behavior 

The percent removed dead pupae by the three groups of 

honeybee colonies (colonies before selection or initial 

population, colonies after culling those that performed below 

average in honey yield and colonies reared from selected lines) 

during the study period are presented in Table 2. There were 

significant differences (p <0.05) in the mean percent of pin-

killed pupae removed in 48 hours among the three groups of 

colonies. The highest dead pupae removal rate per colony was 

observed in colonies reared from the selected stock (94.3%) 

compared to the initial population and colonies maintained 

based on their first honey yield performances. This result is in 

line with the finding that colonies of the same subspecies within 

the same apiary demonstrate different level of hygienic behavior 

[8, 9, 19] suggesting that the higher dead pupae removal percent 

in colonies reared from the selected stock may reflect the 

substantial effect of selective breeding on improvement of 

colonies’ hygienic behaviour expression. In addition, the 

observation provides a clue that hygienic behaviour may help 

the future selective breeding of better performing bee lines. 

Table 2. Percentage of pin-killed brood cells from which pupae were completely removed in the three groups of colonies at 48 hours. 

Category of test colonies Mean ± SE of percentage pin-killed brood removal 

Before selection (initial population) 86.6 ± 1.0b 

After culling colonies performed below average honey yield 90.5 ± 2.8ab 

Queens reared from selected colonies 94.3 ± 1.4a 

Means followed by similar letters in the column are not significantly different at p˃ 0.05 

4.4. Honey Yield 

The collected data showed significant (p <0.05) differences 

in honey yield among the considered groups of colonies (Table 

3). Colonies belonging to queens reared from selected colonies 

tend to produce the highest honey yield (25.5 kg) compared to 

the colonies belonging to initial colony population (18.3 kg). 

According to these results, the average honey yield of the 

selected colonies was found to be 41.7% higher than that 

produced by initial colonies (before any selection). The main 

reason for the differences among the groups in the current 

study could be the continuous production of selected queens 

from the stock with desirable phenotypic and genetic 

characteristics [13]. Perfect development and productivity of 

the colony depends mainly on the quality of its queen [13], as 

the progeny inherits half of the characteristics from the 

maternal line. Thus, the current variation in honey yield of 

selected and non-selected honeybee colonies indicates that 

heritability of honey production and its gain through selective 

breeding [8]. It has also been suggested that selection based on 

this trait (honey production) can yield a good genetic gain, 

especially if it is used to aid selection [16]. This evidence 

supports the previous findings which indicated thatthe existing 

variation in production performance within a population may 

help to improve the yield through selection. 

Table 3. Mean ± SE of honey yield for honeybee colonies before and after selection. 

Category of test colonies Mean ± SE of honey yield (kg/colony/harvest) 

Before selection (initial population) 18 ± 0.4c 

After culling colonies performed below average honey yield 21.8 ± 0.6b 

Queens reared from selected colonies 25.5 ± 1.1a 

Means followed by similar letters in the column are not significantly different at p˃ 0.05 

5. Conclusion and Recommendation 

In this study, the brood quality, hygienic behavior 

expression and honey yield of the honeybee colonies 

belonging to selection population was observed to change 

over time aided with selective breeding. These traits are most 

important when selection parameters are evaluated before 

and after stock selection and should be kept in any local 

honeybee evaluation system for stock improvement. The 

results show that honey yield could be improved by about 

42% by selecting and using selected stocks based on the 

traits. From this practical point of view, it is possible to 

conclude that there is a possibility of improving the 
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production performance of native stock through selection and 

breeding of maternal lines. 

Therefore, all the selected and evaluated honeybee 

colonies have been recommended for the local beekeepers in 

surrounding area to further promote the colonies stock 

improvement into the areas where there is a gap in improving 

honey production. 
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