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SCREENING OF BACTERIAL MICROFLORA ASSOCIATED WITH HEALTHY AND
NON-HEALTHY HONEYBEES (Apis mellifera)



ABSTRACT

	Aims: To isolate bacterial microflora from the guts of healthy and non-healthy honeybee samples collected in  Summer and Winter seasons from the local apiaries of Jhunsi, Prayagraj, Uttar Pradesh.
Study design: Experimental design
Place and duration of study: Study was cariedcarried out in the Department of Biological sciences, SHUATS, Naini, Prayagraj, Uttar Pradesh.
Methodology: A total of 45 healthy and 45 non-healthy honeybee (Apis mellifera) samples were collected from the an apiary located inat Jhunsi, Prayagraj. Serial dilution pour plate technique was used to isolate the bacteria. The samples fromof both the seasons were statistically analysed and compared using a by Two-way analysis of Variance.
Results: Seventeen and twelve different types of bacteria were isolated from summer season and winter season samples. Total number of bacterial counts obtained from summer season bee samples was significantly higher than the bacterial counts obtained from winter season samples. Out of these bacteria few were found to be beneficial viz., Bacillus, Bifidobacterium, Snodgrassella, Lactobacillus, Gilliamella, Lysinibacillus and Brevibacillus are known to possess probiotic activity in the gut of the host, while others were harmful or opportunistic in nature. Moreover, the bacteria, Brevibacillus, Kocuria and Burkholderia isolated from winter season bee samples are rarely reported from Apis mellifera in Indian climatic conditions.
Conclusion: Findings from the present study highlights the presence of bacteria in the gut had both positive and negative aspects. Where, sStudies on these microbes provide an insight as to how these may affect bee health, where a healthy bee will affect improved honey quality thus ensuring a healthy environment. Findings on Brevibacillus, Kocuria and Burkholderia are reported to have industrial value which can be further investigated in Indian climatic conditions for their specific identification and exploited in the fields of agriculture and industrial level.
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1. INTRODUCTION

Honeybees are eusocial insects that have huge economic importance, contributing as important pollinators of many fruits, vegetables, and crops, including cultivated food plants, in many countries. Many products, such as honey, beeswax, royal jelly, and pollen, are produced by honeybees, which serve society in numerous ways. The foundation of crop production, pollination, serves as a bridge between agriculture and is crucial to preserving the natural equilibrium of ecosystems. Many products of the honeybee, like honey, beeswax, royal jelly, and pollen, are produced by honeybees, which play an important role in several ways. As a pollinator, the honeybee has a prominent role in sustainable agriculture in addition to the production of honey and other natural products (Kumar et al.,2024). Compared to other bee species, honeybees have been reported to increase the yield in animal pollinated crops, which account for 35% of the global food production (Khalifa et al.,2021). Hence, research related to physiology and pathology of honeybees, in particular Apis mellifera, has attracted a lot of attention (Azizand Alam,2024). Honey is the most important product that has been used as a food supplement by humans since ancient times(Palma-Morales et al.,2023). It is a medically important food that contains a lot of antibodies, highly used at the commercial level. Researchers have reported that microbes associated with honeybees may range from pathogenic to non-pathogenic forms. Recently, it has been reported that there are different characteristics that make A.mellifera gut environment unique among insects. It is found that major contributors of A.mellifera microbiota are transmitted via direct contact during their first social interactions with hive mates (Smutin et al.,2022). The characteristic taxonomic make up of the microbiota that consists largely of species found only within social bees, along with their critical biochemical contributions to the host, suggests a highly specialized, coevolved relationship between the microbes and A.mellifera (Mazel et al.,2025). It is reported that the A. mellifera gut ecosystem serves as a source for novel ecological information with many possible applications that give the relationship of microflora associated with honeybees (Gouda et al.,2024). At the same time, it has been reported that the gut microbiota of adult honeybees can also play a critical role in bee health (Mojgani et al.,2024). Bees are important models to study the ecology and evolution of microbes and host interactions, whether the microbes are living in mutual relationships or as commensal or parasites inside the body of the host. Researches show inadequate reports on the studies of honeybee gut bacterial microflora especially from Prayagraj, Uttar Pradesh regions. Since A.mellifera is a domestic bee, disease-causing pathogens may be transmitted via air and their associated soil, brood, etc. Moreover, it is assumed that there can be variations in the microflora associated with the gut of both healthy and non-healthy honeybees. With this idea, research was carried out to isolate bacterial microflora from the guts of healthy and non-healthy honeybee samples and to compare the bacterial counts obtained from both Summer and Winter seasons of a local apiary located at Jhunsi, Prayagraj, Uttar Pradesh.	Comment by Mustafa, Md (FAOBD):  Kindly ensure that all instances of et al. are italicized.

2. MATERIALAND METHODS
2.1 Place of study
Laboratory experiment was carried out in the Department of Biological Sciences, SHUATS, Naini, Prayagraj, Uttar Pradesh, India.
2.2 Collection of Honeybees 
45 Healthy and non-healthy worker honeybees (Apis mellifera) samples were collected in both the summer and winter seasons from a local apiary, located at Jhunsi, Prayagraj. (Latitude: 25.4513646 and Longitude : 81.9512255). Healthy bees were identified by their high active flying nature and normal foraging activity whereas non-healthy bees were distinguished by their trembling behavior, inability to fly and crawling behavior around the hive (Zavatta et al.,2024). After the collection, healthy honeybees were transferred to the laboratory in the small cage containing sugar syrup followed by storage at -200 C until processing. Before dissection, both healthy and non-healthy bees were washed with 95% ethanol and whole alimentary canal was dissected aseptically with the help of sterile forceps. Dissected guts were macerated by sterile dissection scissors in 0.8% Nacl solution and immediately stored at -200 C till further processing. Before the experiment macerated gut samples were weighed separately with the help of electronic balance and 1 gm. mass was obtained for the study (Anjum et. al.,2021).
       2.3 Culture media: 
        Nutrient Agar media was used for the isolation and culture of bacteria.
       2.4 Isolation of bacteria
        Serial Dilution Pour Plate Technique was used to isolate the bacteria (Venu and Pan.,2024) with a slight modification. For this 1 gram (gm.) of macerated bee gut of both samples (healthy and non-healthy) was suspended in 9 millilitre (ml.) sterilized dilution blanks and subsequent dilutions were made up to 10-7level (Luo et al.,2024). From the final dilution 1 ml. suspension was measured via micropipette and then transferred to the sterilized petriplates followed by 15-20 ml. of Nutrient Agar media, separately. After this the plates were covered immediately and kept undisturbed for about half an hour for the solidification of media. Then Nutrient Agar plates were incubated in inverted positions at 37 degrees Celsius (oC) for 24-48 hours (hrs.) in the incubator. The plates were replicated thrice. At last, the plates were observed for bacterial growth and the colonies obtained were counted with the help of digital colony counter and analysed for their cultural, morphological and biochemical characteristics (Sewak et al.,2024).          
2.5 Identification of bacteria:
2.5.1. Morphological Characteristics 
The bacteria isolated were first identified on the basis of their morphological characteristics by technique of Gram staining, where single colony of each isolated bacteria was taken and stained according to the standard protocol and the bacteria were observed under oil immersion microscope (Paray et al.,2023; Bergey,1994). 
2.5.2. Biochemical tests 
Several biochemical tests were performed to identify and confirm the biochemical characterization of the bacteria. (https://microbiologyinfo.com/). 
1. Catalase test- For this test one drop of hydrogen peroxide (H2O2) was taken on a clean glass slide and very few amounts of isolated bacterial colony was transferred on it with the help of clean glass rod. Immediate appearance of bubbles indicated positive result viz. the culture can produce catalase enzyme. 
2. Citrate Utilization test- Simmon Citrate Agar media was prepared. The isolated bacteria were inoculated in the media and incubated at 37˚C for 24 hours (hrs.). After 24 hrs, the colourof media get change from green to blue was recorded as positive result.
3. Indole Production test- Tryptone broth was prepared. The bacteria was inoculated in tryptone broth and incubated at 37˚C for 48 hours. After incubation, Kovac’s reagent (1ml. in each tube) was added and observed for the formation of red precipitate in broth. `
4. Gelatin Hydrolysis test- Gelatin media was prepared. Gelatin media was poured and autoclaved in a set of test tube. After autoclaving a straight sterilized needle was touched to a colony of isolated bacteria and stabbed once to a bottom of the test tube and removed the needle through the same line as it went inside. The tubes were then incubated for 48 hours at 37˚C. After incubation, the tubes were kept in the refrigerator to check the solidification of gelatin (in case gelatin was liquefied) and the gelatin hydrolase enzyme activity of the isolates. 
5. Carbohydrate Fermentation tests- Basal fermentation broth media was prepared, poured into test tubes and Durhum's tube was inserted in each tube in inverted position for gas detection followed by the autoclaving at 15 pounds per inch square (lbs/inch2) for 15-20 minutes (min). Different sugar substrates – Lactose, Glucose, Mannitol, Galactose, sucrose and Maltose were prepared 1% and autoclaved at 10lbs/inch2 (pounds per square inch) for 10 mins. After autoclaving, 1ml of respective sugar and isolated bacteria was transferred in the tubes and kept in the incubator for 48 hours at 37˚C. 
6. Urease test: Urea agar slants were prepared.  Each slants were inoculated with the isolated bacteria and incubated  for 24–48 hours at 37°C.After incubation, slants were observed  for color change. Deep pink colour shows the positive test.
7. H2S Production test: SIM (Sulfide Indole Motility) agar tubes were prepared. Each tube were inoculation by stab inoculation and inoculated tubes were incubated for 24-48 hours at 37°C. After 24-48 hours, test tubes were observed for black colouration. Black coloration indicates positive sulfide production.
8. MR-VP test: MR-VP broth was prepared  in 2 sets. Each test tube was inoculated with bacterial culture. After inoculation the bacterial culture was  incubated  for 24- 48 hours at 37°C. After 24-48 hours, 5 drops of methyl red indicator was added to one set of test tubes. Red color indicates positive methyl red test.12 drops of VP reagent 1 (napthol soln.) and 2–3 drops of VP reagent 2 (40% potassium hydroxide) was added to the second set of test tube. Test tubes were shaken for 30 seconds with the cap off. reaction was allowed to proceed for 15–30 minutes. Red color indicates positive VP test.

2.6 Statistical Analysis: 
        The bacterial data obtained from the gut of healthy and non-healthy bee samples collected from both summer and winter seasons was subjected to statistical analysis and the counts were compared by two-way analysis of Variance.

Table 1. Bacterial counts x10-7 CFU/ml in samples collected in Summer and Winter Seasons	Comment by Mustafa, Md (FAOBD): Table 1, Table 2, and Figure 1 should be included in the Results and Discussion section, as they are cited within the text of this section.
	Seasons
	Samples
	Dilution Blanks
	Minimum
	Maximum
	Average
	Total count

	Summer
	Healthy honeybee
	10-7
	121
	140
	130.5
	130.5x 10-7cfu/ml

	
	Non-healthy honeybee
	10-7
	190
	250
	220
	220 x 10-7cfu/ml

	Winter
	Healthy honeybee
	10-7
	100
	140
	120
	120 x 10-7cfu/ml

	
	Non-healthy honeybee
	10-7
	160
	223
	197
	197 x 10-7cfu/ml

	
	Result
	S. Ed. (±)
	C.D. at 5%
	
	

	Due to season
	NS
	6.250
	13.1250
	
	

	Due to sample
	S
	6.250
	13.1250
	
	




Table 2. Biochemical characterization of Bacteria


	S.No.
	Seasons
	Citrate
	Catalase
	Indole
	H2S
	MR
	VP
	Sugar fermentation
	Tentative 
Microorganism

	
	
	
	
	
	
	
	
	Lactose
	Sucrose
	Maltose
	Glucose
	Galactose
	Mannitol
	Gelatin
	Urease
	

	1
	Summer season
	+
	+
	-
	-
	-
	+
	+
	+
	+
	+
	+
	+
	+
	-
	Bacillus sp.

	2
	
	-
	+
	-
	-
	-
	+
	+
	+
	+
	+
	+
	+
	-
	-
	Snodgrasella sp.

	3
	
	-
	+
	-
	-
	-
	-
	+
	+
	+
	+
	+
	+
	-
	-
	Gilliamella sp.

	4
	
	+
	+
	-
	-
	-
	+
	-
	+
	+
	+
	+
	+
	+
	+
	Serratia sp.

	5
	
	+
	-
	-
	-
	-
	+
	+
	+
	-
	+
	-
	-
	+
	-
	Bifidobacterium sp.

	6
	
	+
	+
	-
	-
	-
	+
	+
	+
	+
	+
	+
	+
	+
	+
	Klebsiella sp.

	7
	
	+
	+
	-
	-
	+
	-
	+
	+
	+
	+
	+
	+
	+
	-
	Cronobacter sp.

	8
	
	+
	+
	-
	-
	-
	-
	-
	+
	-
	+
	+
	+
	+
	+
	Brevibacillus sp.

	9
	
	+
	+
	+
	-
	+
	-
	+
	+
	+
	+
	+
	+
	-
	-
	E. coli sp.

	10
	
	-
	-
	-
	-
	+
	+
	+
	+
	+
	+
	+
	-
	-
	-
	Lactobacillus sp

	11
	
	-
	+
	-
	+
	-
	+
	+
	-
	+
	+
	+
	-
	-
	-
	Corynebacterium sp.

	12
	
	+
	+
	-
	-
	-
	+
	+
	+
	+
	+
	+
	+
	-
	+
	Enterobacter sp.

	13
	
	+
	-
	-
	+
	-
	-
	+
	+
	+
	+
	+
	+
	+
	+
	Clostridium sp.

	14
	
	-
	-
	-
	-
	-
	+
	+
	+
	+
	+
	+
	+
	-
	-
	Enterococcus sp.

	15
	
	+
	+
	-
	-
	-
	+
	+
	+
	+
	+
	+
	+
	+
	+
	Staphylococcus sp.

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1.
	Winter season
	+
	+
	-
	-
	-
	+
	-
	+
	+
	+
	+
	+
	+
	-
	Bacillus sp.

	2.
	
	+
	+
	-
	-
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	Staphylococcus sp. 

	3.
	
	-
	-
	-
	-
	-
	+
	+
	+
	+
	+
	+
	+
	-
	-
	Enterococcus sp.

	4.
	
	+
	+
	-
	-
	-
	+
	-
	+
	-
	-
	-
	-
	+
	+
	Lysinibacillus sp.

	5.
	
	+
	+
	-
	-
	-
	-
	-
	+
	-
	+
	+
	+
	+
	+
	Brevibacillus sp. 

	6.
	
	+
	+
	-
	-
	-
	+
	-
	+
	-
	-
	-
	-
	+
	+
	Kocuria sp.

	7.
	
	+
	-
	-
	-
	-
	-
	+
	+
	-
	+
	-
	-
	+
	-
	Bifidobacterium sp.

	8.
	
	+
	+
	-
	-
	-
	-
	-
	+
	-
	+
	-
	-
	+
	-
	Pseudomonas sp.

	9.
	
	+
	+
	-
	-
	+
	-
	+
	+
	+
	+
	+
	+
	+
	+
	Burkholderia sp.

	10
	
	-
	+
	-
	-
	-
	-
	-
	+
	+
	+
	+
	+
	+
	-
	Paenibacillus sp.
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Fig 1. Graph showing microbial diversity of Apis mellifera in summer and winter season

3.Results and Discussion
[bookmark: _GoBack]Results obtained showed seventeen types of bacteria identified in summer season (Fig. 1),out of which Bacillus, Snodgrasella, Gilliamella and Serratia were found in healthy bees while, Bifidobacterium, Bacillus, Klebsiella, Cronobacter, Brevibacillus, E. coli, Lactobacillus, Corynebacterium, Enterobacter, Staphylococcus, Snodgrasella, Enterococcus, Clostridium were found in non-healthy bees. On the other hand, winter samples showed the presence of twelve different types bacteria out of which Bacillus, Staphylococcus, Enterococcus, Lysinibacillus, Brevibacillus and Kocuria were found in healthy honeybees, while Bacillus, Bifidobacterium, Staphylococcus, Pseudomonas, Burkholderia and Paenibacillus were found in non-healthy bees (Fig.1). The bacteria were identified on the basis of their morphological characteristics and biochemical test results Table 2). Further, in summer season, the total number of bacterial counts in healthy honeybee was 130.5x 10-7cfu/ml and in case of non-healthy honeybee, it was 220 x 10-7cfu/ml (Table 1). Moreover, in winter season, the total number of bacterial counts in healthy honeybee was 120 x 10-7cfu/ml and in case of non-healthy honeybee, it was 197 x 10-7cfu/ml (Table 1). Results showed that colony counts of both the seasons were statistically different from each other. Therefore, the total number of bacterial countswere statistically higher in summer season when compared to winter season. This might be due to the variation in food consumptions during different seasons. Researchers reported that in foraging seasons, pollen and honey are the main diet of honeybees as pollen is rich in nutrients, protein, diverse fatty acids, vitamins, minerals, and antioxidant substances, which play an important role in bee metabolism and hormone regulation. During winter, in absence of foraging activity and brood-rearing, honey is mainly consumed by bees which consist of very less pollen (Li et al.,2022). Kešnerová et al.,2020 also concluded that diet in both summer and winter season is the major constituent to the observed differences in bacterial loads. Present findings showed that Bacillus was the only bacteria which was found in all the samples from both the seasons. This may be due to the formation of endospore. It is reported that Bacillus species hold several economic industrial importance as they are used in many ways including medical, pharmaceutical, agricultural, and industrial processes that take profit of their huge range of physiological characteristics and their ability to produce host of enzymes, antibiotics, and other metabolites. Bacitracin and polymyxin are two antibiotics obtained from Bacillus species (Raman et al.,2025). Further, it was analysed that the bacteria which were obtained in summer season are already reported in existing published research articles. Some of the isolate such as Snodgrasella, Lactobacillus and Gilliamella are typically present in every adult worker honeybee also known as core microbiota of honeybee. Additionally, they exhibit probiotic, antimicrobial and symbiotic properties that protects the homeostasis of bee gut. It may have an important role in maintaining bee health by regulating immune function, nutrient absorption and defense against pathogens (Hariprasath et al.,2025). Whereas, winter honeybee samples showed the presence of bacteria, Brevibacillus, Kocuria and Burkholderia interestingly which is rarely reported from Apis mellifera in Indian climatic conditions (Sharma et. al., 2026). Overall, it was found that Brevibacillus, a beneficial bacteria was commonly found in both the seasons. In winter season, it was found from the healthy bee sampleswhile it was isolated from non-healthy bee sample in summer season. In some reports Brevibacillusis found in different seasons like summer and autumn bee samples (Sun et al.,2022). Further, Brevibacillus laterosporus is a species that is reported as probiotic bacterium indicating various biological activities such as insecticidal, anti-tumor, antibacterial, and biodegradation properties. It has also been used in crop cultivation, clinical medicine, animal production and biological degradation. It has application to promote growth and can protect crops and plays an important role as probiotic in animal feeding through controlling the balance of the intestinal tract. It is also found to enhance the digestive function and promotes animal development (Liu et al.,2024). Kocuria and Burkholderia are the opportunistic pathogens. Researchers reported that some species like Kocuria rosea, produces biosurfactants, recommended in oil industry for the removal of oil sludge and lubricate oil in pipelines (Akbari et al.,2021). Additionally, Kocuria rosea is established for its various applications in biotechnological processes, such as the degradation of aflatoxin , the production of lignin peroxidase enzymes which have property to decolorize several industrial dyes, the synthesis of exopolysaccharides in halophilic conditions, the generation of exocellular keratinase  and the decolorization and detoxification of sulfonated azo dyes (Kim et al.,2025). On the other hand, Burkholderia is an important bacterial species which has various beneficial properties, as it can promote plant growth, including rhizosphere competence for releasing allelochemicals, production of antibiotics, and siderophores. Further, most of the Burkholderia species exhibit promising biocontrol action against different phytopathogens for different crops. specifically, it exhibits significant biotechnological capability as a source of novel antibiotics and bioactive secondary metabolites (Elshafie and Camele.,2021). Thus, it leads to an interesting fact that Kocuria and Burkholderia, considered as opportunistic pathogens have industrial value and it can be further investigated for its species identification and exploited for its utility in future studies in the fields of agriculture, industry, medicines, etc. 
4.Conclusion
From the present findings, it can thus be concluded that the presence of bacteria in the gut highlights both positive and negative aspects on the health of honeybee. Studies on microbes provide an insight as to how these may affect bee health, where a healthy bee will affect improved honey quality, ensuring a healthy environment. The overall beneficial bacteria from both seasons such as Bacillus, Bifidobacterium, Snodgrassella, Lactobacillus, Gilliamella, Lysinibacillus and Brevibacillus have probiotic effects which can interact with microbes, and boost the immune system of human and animals. These probiotic microbes may help in the field of food industries as well. Further, some bacteria like Brevibacillus, Kocuria and Burkholderia found in winter season samples are rarely reported from Apis mellifera which can be further investigated and exploited for their utility in various areas. Brevibacillus was found in both summer and winter seasons indicating their distinct survival in different seasons. Brevibacillus have their own economic value, which can be further exploited for their various applications in Prayagraj. Kocuria and Burkholderia are the opportunistic pathogens but their positive impact can be studied in reference to human beings, plants and animals as they have been reported for their several beneficial properties as well.
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ABSTRACT


 


 


Aims:


 


T


o isolate bacterial microflora from the guts of healthy and 


non


-


healthy 


honeybee samples 


collected in 


Summer


 


and Winter seasons from the local apiaries of


 


Jhunsi, Prayagraj,


 


Uttar Pradesh.


 


Study design:


 


Experimental design


 


Place and duration of study: 


Study was 


carried


 


out in 


the 


Department of Biological sciences, SHUATS, 


Naini, Prayagraj, Uttar Pradesh.


 


M


ethodology:


 


A total of 


45 healthy and 


45 non


-


healthy


 


honeybee (


Apis mellifera


) 


samples 


w


ere


 


collected from 


an


 


apiary 


located 


in


 


Jhunsi


, 


Prayagraj.


 


Serial dilution pour plate technique was used to 


isolate the bacteria. The 


samples 


from


 


both 


seas


ons were statistically analy


s


ed and compared 


u


s


i


n


g


 


a


 


T


wo


-


way analysis of Variance


.


 


Results:


 


Seventeen and twelve different types of 


bacteria


 


were isolated


 


from summer season and winter 


season


 


samples


.


 


To


tal number of bacterial count


s


 


obtained from


 


summer season


 


bee samples 


was 


significantly 


high


e


r


 


than


 


the


 


bacterial count


s


 


obtained 


from


 


winter season 


samples. 


Out of 


these bacteria


 


few


 


were


 


found to be 


beneficial 


viz., 


Bacillus, Bifidobacterium, Snodgrassella, Lactobacillus,


 


Gilliamella, 


Lysinibacillus


 


and 


Brevibac


illus


 


are known to 


p


ossess


 


probiotic activit


y in the gut of the host, while


 


others


 


were


 


harmful


 


or 


opportunistic


 


in nature


.


 


Moreover, the


 


bacteria


,


 


Brevibacillus


, 


Kocuria and Burkholderia


 


isolated


 


from


 


winter season


 


bee samples


 


are


 


rarely reported 


from


 


Api


s


 


mellifera


 


in Indian climatic 


conditions


.


 


Conclusion:


 


F


indings f


rom the present study


 


highlights


 


the presence of bacteria in the gut 


h


ad


 


both 


positive and negative 


aspects


. 


S


tudies on 


t


h


e


s


e


 


microbes provide an insight as to how these may affect 


bee healt


h, where a healthy bee will affect improved honey quality


 


thus 


ensuring a healthy environment.


 


F


indings o


n


 


Brevibacillus


, 


Kocuria and Burkholderia


 


are reported to have


 


industrial value 


which can be 


further investigated in Indian climatic conditions for thei


r specific identification and exploited in the fields 


of agriculture 


and


 


industrial level.
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1.


 


INTRODUCTION


 


 


Honeybees are eusocial insects 


that have huge economic importance, contributing as important pollinators 


of many fruits, vegetables, and crops, including cultivated food plants, in many countries. Many products, 


such as honey, beeswax, royal jelly, and pollen, are produced by honeybees,


 


which serve society in 


numerous ways. The foundation of crop production, pollination, serves as a bridge between agriculture and 


is crucial to preserving the natural equilibrium of ecosystems. Many products of the honeybee, like honey, 


beeswax, royal jell


y, and pollen, are produced by honeybees, which play an important role in several ways. 


As a pollinator, the honeybee has a prominent role in sustainable agriculture in addition to the production 


of honey and other natural products (Kumar 


et al.,


2024). Com


pared to other


 


bee species, honeybees have 
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