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Abstract
A comprehensive survey was conducted across all districts of Himachal Pradesh to investigate the status of beekeeping, pests of honey bees especially predatory wasps of honey bees and management practices of beekeepers against the predatory wasps. Special emphasis was placed on the distribution and impact of different species of predatory wasps on honey bee colonies of Apis mellifera and A. cerana. Beekeeper interviews were conducted using a well structured questionnaire across the state to assess colony losses, pest distribution, and local management techniques used against the predatory wasps. The results suggest that middle-aged individuals (40–60 years) dominate the beekeeping sector, while the youth and old age individuals remain underrepresented. Most beekeepers were trained and possessed 10–20 years of experience. Four species of predatory wasps, namely: viz. Vespa mandarinia Smith, Vespa tropica Vecht., Vespa auraria Smith and Vespa basalis Smith were recorded predating the apiaries of honey bees across the state, with average colony losses due to wasp attack estimated at 14.58%. Common local management techniques used by beekeepers included flapping, destruction of nest, bottle traps, and queen killing. The results of this study emphasize the significant impact of predatory wasps on the health and productivity of apiculture in Himachal Pradesh, indicating the need for effective control measures and capacity building among young and new beekeepers for developing the apiculture sector in Himachal Pradesh.
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Introduction
Honey bees are of immense importance in agriculture field and are known as eusocial insects. They produce many valuable products such as pollen, honey, royal jelly, bee wax, and bee venom and are useful in crop diversification due to their efficient pollinating activities (Klein et al. 2007; Potts et al. 2016). India has four species of honey bees: the Rock bee (Apis dorsata F.), the Little honey bee (A. florea F.), the Indian honey bee (A. cerana indica F.), and the Western honey bee (A. mellifera L.). Among them only the last two are domesticated species that are managed in wooden boxes known as hives (Thomas et al. 2002).
Honey bee colonies are attacked by its predatory wasps for their resources such as carbohydrates (honey) and protein substances (pollen, larvae and adults), which are the main target for these predators (Gulati and Kaushik 2004). Continuous attack of wasps disturbs the bee colony by forcing field bees to stop foraging activity. Ultimately this activity makes the colony weak and sometimes may lead to absconding and leaving behind a lot of honey and brood (Monceau et al. 2014). In India, the wasps are extremely active during monsoon and their activities continue till the advent of winter season, causing great damage to beekeeping industry. The abundance of wasps during certain years has been related directly to rainfall and temperature in spring (Akre et al. 1981). In Himachal Pradesh, mainly five species of predatory wasps are present viz. Vespa mandarinia Smith, Vespa tropica Vecht., Vespa auraria Smith, Vespa basalis Smith and Vespa orientalis L. which attack the colonies of Apis mellifera L. and Apis cerana Fabr. (Motmayen et al. 2023). In Himachal Pradesh, presently beekeeping with A. mellifera is facing a big threat from predatory wasps mainly during August to November. Large number of bee colonies is destroyed by the attack of V. auraria and V. tropica. Considering the above facts, the present study was conducted to assess the status of beekeeping and predatory wasps of honey bees in Himachal Pradesh which could lead to enhancing the knowledge in this area and further helping with improvement of the apiculture sector in the state.
Material and Methods
The survey on the status of beekeeping and other pests of honey bees was conducted across all 12 districts of Himachal Pradesh to gather data on pest prevalence, wasp attacks and their impact on honey bee colonies. The initial survey was carried out in March 2024, when beekeepers returned to Himachal Pradesh after the seasonal migration of their apiaries to assess the status of the apiaries. The same apiaries were surveyed again between October and November 2024 to assess the losses incurred by beekeepers due to wasp attacks.
Beekeepers were interviewed using a structured questionnaire designed to assess: The age of beekeepers, their experience in beekeeping, whether they had received training in beekeeping, the incidence of predatory wasps in their apiaries, colony losses suffered due to wasp attacks, management techniques adopted to control wasp attack, other pests and predators they encounter in their apiaries.
Results and discussion
Age-wise distribution of beekeepers in Himachal Pradesh
A systematic survey was conducted to study and analyze the age-wise distribution of beekeepers across all districts of Himachal Pradesh to understand the demographic composition of individuals engaged in beekeeping and is presented in Table 1. The results indicate that the majority of beekeepers belong to the middle-aged category (40-60 years), with districts such as Solan (80%), Mandi (71.43%) and Bilaspur (66.67%) consisted the highest proportion of beekeepers in this age category. The younger age group (20-40 years) had a relatively lower number of individuals in most districts, with the highest proportion observed in Sirmaur (62.5%), Kangra (60%) and Chamba (50%). The elderly beekeepers (above 60 years) constituted a minor percentage across all districts, with the highest recorded in Shimla (15.38%), Chamba (10%), and Hamirpur (8.33%). Notably, districts such as Bilaspur, Una, Solan, Sirmaur, and Mandi had no beekeepers in this age category, indicating a declining trend of elderly participation in apiculture. The findings indicate that beekeeping in Himachal Pradesh is primarily dominated by the middle-aged population, emphasizing the importance for initiatives to attract younger individuals to ensure the sustainability of the beekeeping industry. Our results are in accordance with the findings of Bradbear (2009) who has reported that in developing countries, apiculture is often practiced by individuals of older ages and not by youth which requires support from the government to attract the young generation to opt for beekeeping.


	Table 1. Age wise distribution of sampled beekeepers in Himachal Pradesh

	District
	Number of beekeepers sampled
	Age wise categories (%)

	
	
	20-40
	40-60
	>60

	Kangra
	15
	60.00
	33.33
	6.67

	Hamirpur
	12
	33.33
	58.33
	8.33

	Chamba
	10
	50.00
	40.00
	10.00

	Bilaspur
	6
	33.33
	66.67
	0.00

	Una 
	12
	41.67
	58.33
	0.00

	Solan
	10
	20.00
	80.00
	0.00

	Shimla
	13
	30.77
	53.85
	15.38

	Sirmaur
	8
	62.50
	37.50
	0.00

	Mandi
	7
	28.57
	71.43
	0.00

	Kullu
	14
	28.57
	64.29
	7.14

	Lahaul and Spiti
	5
	40.00
	60.00
	0.00

	Kinnaur
	5
	30.00
	40.00
	0.00


Training status of beekeepers in Himachal Pradesh
The data on the training status of beekeepers across different districts of Himachal Pradesh is presented in Table 2. This study assessed the training status of beekeepers across the state to evaluate the level of expertise and technical knowledge of beekeepers in apiculture. The results indicate that majority of beekeepers across most districts have received formal training in beekeeping, with 100% training reported in Solan and Shimla, followed closely by Una (91.66%), Sirmaur (87.5%), and Kangra (86.67%). The lowest percentage of trained beekeepers was recorded in Kinnaur (60%) and Lahaul and Spiti (40%). The number of untrained beekeepers was notably higher in these districts, with Lahaul and Spiti having the highest percentage (60%), followed by Kinnaur (40%) and Chamba (40%). These findings suggest that while a majority of beekeepers in Himachal Pradesh have undergone training, there remains a need to expand training opportunities in remote districts such as Lahaul and Spiti to enhance technical expertise in beekeeping. These results are in accordance with the previous findings of (Krell 1996) who has reported that training the beekeepers may help to effectively build capacity and improve the beekeeping sector in developing countries.
	Table 2. Training status of sampled beekeepers in Himachal Pradesh

	District
	No of beekeepers sampled
	Trained (%)
	Untrained (%)

	Kangra
	15
	 86.67
	13.33

	Hamirpur
	12
	 75.00
	25.00

	Chamba
	10
	 60.00
	40.00

	Bilaspur
	6
	 80.00
	20.00

	Una 
	12
	 91.66
	8.33

	Solan
	10
	100.00
	0.00

	Shimla
	13
	100.00
	0.00

	Sirmaur
	8
	 87.50
	12.50

	Mandi
	7
	 85.71
	14.29

	Kullu
	14
	78.57
	21.43

	Lahaul and Spiti
	5
	40.00
	60.00

	Kinnaur
	5
	 60.00
	40.00





Beekeeping related experience of beekeepers in Himachal Pradesh
The results of our study on the experience of the beekeepers in apiculture are presented in Table 3. This study was conducted with an aim to assess the experience levels of beekeepers across different districts of Himachal Pradesh to evaluate the experience of beekeepers in the field of apiculture. The results indicate that the majority of beekeepers have between 10-20 years of experience, with the highest proportions recorded in Kangra (60%), Hamirpur (58.33%), and Kullu (57.14%). Beekeepers with over 20 years of experience were relatively fewer, with the highest representation in Bilaspur (60%), followed by Shimla (38.46%) and Chamba (30%), indicating long-standing beekeeping traditions in these districts. The proportion of less-experienced beekeepers (0-10 years) varied, with Una (58.33%) and Sirmaur (50%) having the highest representation in this category, suggesting recent growth in beekeeping activities in these areas. Notably, districts such as Lahaul and Spiti and Kinnaur exhibited a balanced distribution of experience levels, with 40% of beekeepers having over 20 years of experience. These findings highlight that while most beekeepers have significant experience, certain districts are witnessing a rise in new entrants, emphasizing the need for continued technical support and knowledge-sharing initiatives. Future research should explore the factors influencing beekeeping longevity and develop strategies to enhance skill transfer from experienced beekeepers to newcomers. Our studies are supported by the findings of Bradbear (2009) who have documented that experienced beekeepers are instrumental in transferring their knowledge to newcomers which could further help in improving the sector of beekeeping.
	Table 3. Experience status of beekeepers in Himachal Pradesh

	District
	No of beekeepers sampled
	Up to 10yrs (%)
	10-20 yrs (%)
	>20yrs (%)

	Kangra
	15
	  27.67 
	  60.00
	13.33

	Hamirpur
	12
	  25.00
	  58.33 
	16.67

	Chamba
	10
	  20 .00
	  50.00
	30.00

	Bilaspur
	6
	  16.67 
	 33.33 
	60.00

	Una
	12
	  58.33 
	  33.33 
	8.33

	Solan
	10
	  20.00
	  50.00
	30.00

	Shimla
	13
	  23.08 
	  38.46 
	38.46

	Sirmaur
	8
	  50.00
	  37.50
	12.50

	Mandi
	7
	  28.57 
	  42.86 
	28.57

	Kullu
	14
	  21.43 
	  57.14 
	21.43

	Lahaul and Spiti
	5
	  20.00
	  40.00
	40.00

	Kinnaur
	5
	  20.00
	  20.00
	60.00



Distribution of major pests and predators attacking Apis mellifera and Apis cerana colonies in Himachal Pradesh
Observations on the major pests and predators of honey bees across all districts of Himachal Pradesh were recorded and are presented in Table 4. This study analyzed the distribution of major pests and predators affecting A. mellifera and A. cerana colonies across all districts of Himachal Pradesh. The results indicate that wax moths, ants, wasps, and mites are the most widely distributed threats, being present in all surveyed districts. Wasps were recorded in every district, confirming their widespread predatory impact on honeybee colonies. Wax moth and mite infestation was also prevalent, with all districts reporting their presence, indicating their significant role in colony collapse of honey bees. Birds were found to be a common threat in certain regions, with their presence recorded in Kangra, Bilaspur, Solan, Shimla, Sirmaur, and Kinnaur, while being absent in the rest of districts. Larger predators such as bears were observed in forested regions like Chamba, Shimla, Sirmaur, Mandi, Kullu, Lahaul and Spiti, and Kinnaur, while they were absent in Kangra, Bilaspur, Una and Hamirpur districts indicating a habitat driven distribution pattern. Lizards were present in some districts like Kangra, Una, Mandi, Solan and Kullu but were absent in others. Ants were also identified as one of the major pests of honey bee colonies with their presence recorded in most districts of Himachal Pradessh; however they were absent in the districts of Sirmaur and Chamba. The results of this study indicate the need for district specific pest and predator management strategies, particularly focusing on controlling wasp populations, wax moth and mite infestations, which pose the most widespread threats to honeybee colonies. These findings align with those of Sharma et al. (2013) who identified predatory wasps and wax moths as some of the main problems faced by beekeeper in Himachal Pradesh.
	Table 4. Distribution of major pests and predator associated with  Apis mellifera and Apis cerana in Himachal Pradesh

	 
	Wasps
	Wax moth
	Mites
	Lizzard
	Bear
	Birds
	Ants

	Kangra
	+
	+
	+
	+
	-
	+
	+

	Hamirpur
	+
	+
	+
	-
	-
	-
	+

	Chamba
	+
	+
	-
	-
	+
	-
	-

	Bilaspur
	+
	+
	+
	-
	-
	+
	+

	Una 
	+
	+
	+
	+
	-
	-
	+

	Solan
	+
	+
	+
	+
	+
	+
	+

	Shimla
	+
	+
	+
	-
	+
	+
	+

	Sirmaur
	+
	+
	-
	-
	+
	+
	-

	Mandi
	+
	+
	+
	+
	+
	-
	+

	Kullu
	+
	+
	+
	+
	+
	-
	+

	Lahaul and Spiti
	+
	+
	+
	-
	+
	-
	+

	Kinnaur
	+
	+
	+
	-
	+
	+
	+

	+ Present
- Absent


Distribution of predatory wasps of Apis mellifera and Apis cerana colonies in Himachal Pradesh
The apiaries across all districts of Himachal Pradesh were surveyed for different species of wasps attacking honey bee colonies. The results of this study are presented in Table 5. This study focused on distribution of predatory wasps associated with A. mellifera and A. cerana colonies across the state. The findings indicate that Vespa auraria, V. basalis and V. tropica were the most widespread species, being present in nearly all surveyed areas, while V. mandarinia was less commonly recorded. The highest diversity of predatory wasps was observed in districts of Kangra, Hamirpur, and Shimla where all four species were recorded at most survey locations. V. mandarinia was notably absent only at Samirpur in Hamirpur district. In Shimla, this species was observed at Rampur and Rohru while it was missing in Narkhanda and Gumma. In contrast, districts such as Lahaul and Spiti and Kinnaur recorded fewer wasp species, with only V. auraria present in certain locations of Lahaul and Spitti. V. basalis however was present exclusively at two sites in district of Kinnaur namely, Thapa Saring and Saki Charang. These results suggest that environmental factors such as cold weather and geographical factors such as mountains and altitude may influence wasp distribution. Among different species, V. auraria was present in all surveyed sites across the state indicating it as the most widely distributed predatory wasp species of honey bees in Himachal Pradesh. V. basalis was the second widespread species with its presence recorded at most of the surveyed locations. It was present across all surveyed sites of districts, Kangra, Hamirpur, Mandi, Kullu, Shimla, and Bilaspur while it was absent at districts, Solan and Lahaul and Spitti. V. tropica was observed all over the districts of Kangra, Hamirpur, Mandi, Solan, Bilaspur and Una while absent at districts, Kullu, Lahaul and Spitti, Kinnaur and Chamba. This species however showed patchy distribution across districts Shimla and Sirmaur, present in some surveyed sites while absent in others. Vespa mandarinia was recorded in fewer locations, showing heterogeneous distribution across all districts with its presence confirmed in some parts while absent in others. Only at district Lahaul and Spitti, Kinnaur and Una it was absent. These findings indicate significant predatory wasp activity in the surveyed regions, indicating, they are potential hotspots for activity of predatory wasp of honey bees. The data on this aspect is scanty; however our findings are takes support from those of (Matsuura and Yamane 1990 and Sharma et al. 2013), who documented similar habitat-specific patterns in vespid wasps across Asia and Himachal Pradeseh.
	Table 5. Distribution of predatory wasps associated with  Apis mellifera and A. cerana colonies in Himachal Pradesh

	Kangra
	Nahargulu
	V. auraria
	V. basalis
	V. tropica
	V. mandarinia

	
	Sarotri
	+
	+
	+
	+

	
	Ichhi
	+
	+
	+
	+

	
	Dhera
	+
	+
	+
	+

	
	Jawalamukhi
	+
	+
	+
	+

	Hamirpur
	Sujanpur
	+
	+
	+
	+

	
	Galore
	+
	+
	+
	+

	
	Dhaneta
	+
	+
	+
	+

	
	Samirpur
	+
	+
	+
	-

	Mandi
	Joginder nagar
	+
	+
	+
	-

	
	Padhar
	+
	+
	+
	-

	
	Saigaloo
	+
	+
	+
	-

	
	Sundarnagar
	+
	+
	+
	+

	Kullu
	Kararsu
	+
	+
	-
	+

	
	Seobagh
	+
	+
	-
	+

	
	Bajaura
	+
	+
	-
	+

	
	Naggar
	+
	+
	-
	+

	
	Manali
	+
	+
	-
	+

	
	Targali
	+
	+
	+
	-

	Lahaul and Spitti
	Sissu
	+
	-
	-
	-

	
	Keylong
	+
	-
	-
	-

	Shimla
	Narkhanda
	+
	+
	-
	-

	
	Gumma
	+
	+
	+
	-

	
	Rohru
	+
	+
	+
	+

	
	Rampur
	+
	+
	+
	+

	Kinnaur
	Thapa, Schering
	+
	+
	-
	-

	
	Saki, Charang
	+
	+
	-
	-

	
	Sunnam
	+
	-
	-
	-

	
	Nichar
	+
	-
	-
	-

	
	Rupa valley
	+
	+
	-
	-

	Sirmaur
	Keradhar
	+
	+
	+
	-

	
	Narag
	+
	-
	-
	+

	
	Shillai
	+
	-
	+
	-

	Solan
	Nalagarh
	+
	-
	+
	+

	
	Arki
	+
	-
	+
	+

	
	Ramshehr
	+
	-
	+
	+

	Bilaspur
	Ghumarwin
	+
	+
	+
	+

	Chamba
	Bharmour
	+
	-
	-
	+

	
	Salooni
	+
	-
	-
	+

	
	Kalsuin
	+
	-
	-
	-

	Una
	Goglehar
	+
	-
	+
	-

	
	Pandoga
	+
	+
	+
	-

	
	Daulatpur
	+
	+
	+
	-

	+ Present
- Absent


District-wise honey bee colony losses due to wasp predation
The data on losses incurred due to the attack of the predatory wasps of honey bees in Himachal Pradesh is presented in Table 6. This study worked out honey bee colony losses due to wasp predation across various districts of Himachal Pradesh to assess the impact of predatory wasps on apiculture. The findings indicate that the highest percentage of colony losses was recorded in Kinnaur (22.16%) and Sirmaur (21.09%), suggesting severe predation pressure in these districts. Other districts with significant losses included Chamba (17.69%), Bilaspur (15.86%), and Mandi (16.22%), reinforcing the widespread impact of wasps on honeybee populations. The lowest percentage of colony losses was observed in Solan (9.33%) followed by Una (10.79%) and Kullu (10.83%). On average, across all surveyed districts, colony losses due to wasps were calculated at 14.58%, highlighting the overall substantial threat posed by predatory wasps to honeybee populations. This study has only calculated the losses forced due to the wasp predation which has resulted in complete colony collapse, absconding or weakening of the colonies up to a level that the beekeeper is forced to merge the affected colonies. Our findings are in contrary with the results of Monceau et al. (2014) who have reported up to 30 per cent loss due to the attack of the predatory wasps on honey bees. This might be due to the difference in temporal conditions and also due to migratory beekeeping of the beekeepers of Himachal Pradesh, as they migrate their colonies to wasp free areas once the incidence of the predatory wasps initiates in the state.
	Table 6. District wise honey bee colony losses due to wasp predation

	District
	Number of
apiaries sampled
	Colonies in the beginning of the season
	Colonies lost at the end of season
	% loss

	Kangra
	15
	1840
	225
	12.23

	Hamirpur
	12
	1230
	170
	13.82

	Chamba
	10
	1470
	260
	17.69

	Bilaspur
	6
	725
	115
	15.86

	Una 
	12
	3150
	340
	10.79

	Solan
	10
	3000
	280
	9.33

	Shimla
	13
	2320
	315
	13.58

	Sirmaur
	8
	806
	170
	21.09

	Mandi
	7
	635
	103
	16.22

	Kullu
	14
	1800
	195
	10.83

	Lahaul and Spiti
	5
	835
	95
	11.38

	Kinnaur
	5
	1029
	228
	22.16

	Average
	-
	-
	-
	14.58


Local management techniques used by beekeepers against predatory wasps in Himachal Pradesh
Apiaries were surveyed for the management techniques employed by beekeepers to control predatory wasps and protect honeybee colonies all over the state of Himachal Pradesh. The data on this aspect is presented in Table 7. The findings indicate that flapping (manual removal of wasps) was the most commonly employed technique, used by nearly all beekeepers (85-100%) across districts, indicating its widespread acceptance as an immediate control measure. Nest destruction or burning was practiced in 40-60% of cases, with the highest adoption in Solan and Lahaul and Spiti with 60% each followed by Shimla (53.85%) and Kangra (53.33%), suggesting that beekeepers in these regions actively target wasp nesting sites. Bottle traps, charged with honey at the neck, jaggery, vinegar and some other food based substrates were used by 7-60% of beekeepers, with the highest adoption in Chamba (60%) followed by Una (41.66%) and Solan (40%), indicating variability in trap effectiveness across districts. Fruit-based baits such as banana peel and apple peel were the less preferred methods used by beekeepers across different districts with the highest beekeepers adopting this method in Shimla (23.08%) followed by Solan (20.00) and Sirmaur (12.50), while beekeepers at districts Kinnaur, Kullu, Mandi, Lahaul and Spitti, Una, Bilaspur and Chamba did not use this management technique. Self modified traps from recycled material was one of the less commonly used method, generally used by experienced and large scale beekeepers, with only a few at districts Chamba (20%), Hamirpur (8.33%), Una (8.33%) and Shimla (7.69%) employing this technique. The killing of spring queens, a preventive strategy to reduce future wasp populations, was practiced by 20-61.54% of beekeepers, with the highest adoption in Shimla (61.54%) followed by Solan (50%) and Kangra (46.67%). Notably, some beekeepers in Mandi (14.29%), Kullu (14.29%), Sirmaur (12.5%) and Una (8.33%) reported no active management measures against predatory wasps. This is generally among small scale beekeepers with small size apiaries and less resources. Our results are in accordance with the findings of Matsuura and Sakagami (1973) and Archer (1993), who found flapping, bait based trapping and spring killing of queens as effective for reducing the attack intensity of different species of predatory wasps.


	Table 7. Management techniques used by beekeepers against predatory wasps of honey bees in apiaries of Himachal Pradesh

	Districts
	Management techniques used (%)

	
	No of beekeepers sampled
	Flapping
	Nest destruction/
Burning
	Bottles traps
	Fruit based baits
	Self made traps
	Killing spring queens
	No management

	Kangra
	15
	100.00
	53.33
	20.00
	6.66
	0.00
	46.67
	0.00

	Hamirpur
	12
	100.00
	41.66
	33.33
	8.33
	8.33
	33.33
	0.00

	Chamba
	10
	90.00
	40.00
	60.00
	0.00
	20.00
	30.00
	10.00

	Bilaspur
	6
	100.00
	50.00
	16.66
	0.00
	0.00
	33.33
	0.00

	Una 
	12
	91.66
	41.66
	41.66
	0.00
	8.33
	33.33
	8.33

	Solan
	10
	100.00
	60.00
	40.00
	20.00
	0.00
	50.00
	0.00

	Shimla
	13
	100.00
	53.85
	30.77
	23.08
	7.69
	61.54
	0.00

	Sirmaur
	8
	87.50
	50.00
	37.50
	12.50
	0.00
	50.00
	12.50

	Mandi
	7
	85.71
	42.86
	14.29
	0.00
	0.00
	42.86
	14.29

	Kullu
	14
	85.71
	50.00
	7.14
	0.00
	0.00
	21.43
	14.29

	Lahaul and Spiti
	5
	100.00
	60.00
	20.00
	0.00
	0.00
	20.00
	0.00

	Kinnaur
	5
	100.00
	40.00
	20.00
	0.00
	0.00
	40.00
	0.00


Conclusion
The findings of this study emphasize on the significance of challenges faced by beekeepers in Himachal Pradesh, especially the predatory wasps. According to the findings, middle-aged beekeepers dominate the beekeeping sector of the state, while youth engagement is comparatively low. Although the majority of beekeepers are trained and have moderate to high levels of experience in beekeeping, predatory wasps, particularly Vespa auraria, V. basalis, and V. tropica, pose significant threats, causing average colony losses of over 14% across the state. 
Management techniques are mostly traditional, with highest reliance on flapping and nest destruction, though some beekeepers are innovating with their self made traps and preventive techniques like killing spring queens. For the development of the beekeeping sector in Himachal Pradesh, it is essential to train and equip the beekeepers with pest management strategies, advanced training programs, and to increase the involvement of youth in apiculture. 
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