Foraging Ecology of the Stingless Bee Tetragonula iridipennis Smith (Hymenoptera: Apidae: Meliponini) in an Urban Area of Bengaluru, India”.
ABSTRACT
Pollinators play a crucial role in sustaining biodiversity and agricultural productivity, with stingless bees emerging as efficient pollinators in tropical ecosystems. The present study was conducted in an urban ecosystem of Bengaluru to assess floral and faunal diversity and to evaluate the foraging ecology of Tetragonula iridipennis Smith. A total of 76 plant species belonging to 35 families were recorded as forage resources, comprising ornamental (36), medicinal (9), tree (12) and weed species (19). Among these, 21 species provided only nectar, 14 only pollen and 41 offered both resources. Periodic surveys, palynological analysis of pollen loads and melissopalynological studies of honey samples were carried out to identify major forage sources. Palynological analysis of pollen loads revealed eight major (>45%) pollen sources, including Ocimum spp., Tridax procumbens and Cocos nucifera, while seven species were categorized as medium and three as minor sources. Melissopalynological studies of honey samples identified key predominant nectar sources such as Ixora coccinea, Canna indica and Nerium oleander. The study revealed that urban landscapes with diverse vegetation support continuous foraging opportunities for stingless bees. The study emphasizes the ecological significance of T. iridipennis in urban pollination and underscores its potential for integration into urban beekeeping and pollination management strategies.
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1. INTRODUCTION
Pollinators and flowering plants have co-evolved through a mutually beneficial relationship, forming a fundamental component of terrestrial ecosystems. These plant–pollinator interactions not only sustain biodiversity but also connect food webs and drive co-adaptive evolution among diverse insect–plant species (Gilbert, 1980; Williams, 1983). Among ecosystem services, pollination is one of the most critical, significantly influencing agricultural productivity and crop. It is estimated that more than 85 per cent of flowering plants depend on insect-mediated pollination (Ollerton et al., 2011).
Among insect pollinators, bees play a dominant role, with non-Apis bees gaining increasing attention for their efficiency. Stingless bees (tribe Meliponini), which evolved approximately 65–80 million years ago, represent one of the oldest eusocial bee groups. These bees are particularly efficient pollinators of angiosperms with small flowers, especially in tropical ecosystems. In India, stingless bees belonging to the genus Tetragonula, commonly known as dammer bees, are considered highly promising pollinators due to their adaptability to a wide temperature (18–36°C) range (Dollin, 2000).
Stingless bees (Hymenoptera: Apidae: Meliponini) are key pollinators of native flora in tropical and subtropical regions worldwide (Heard, 1999). They establish large, perennial colonies characterized by intricate social structures (Michener 2007) and exhibit diverse nesting habits, ranging from subterranean nests to exposed colonies (Schwarz 1948; Wille & Michener 1973; Camargo & Pedro 2003; Roubik 2006; Rasmussen & Camargo 2008). 
Stingless bees are small in size (4–5 mm in length) and widely distributed across India, contributing significantly to both natural and agricultural ecosystems. They form perennial colonies consisting of hundreds to thousands of workers and exhibit a level of social organization comparable to that of honey bees such as Apis cerana and Apis mellifera (Wille, 1983). Unlike Apis species, stingless bees practice mass provisioning of brood cells rather than progressive provisioning. Their small body size enables them to access flowers with narrow corollas, making them effective pollinators of a wide variety of plant species (Heard, 1999).
Stingless bees are generalist foragers, visiting a diverse range of floral resources. Studies such as pollen analysis and melissopalynology have been widely used to understand their floral preferences and foraging behavior. For instance, Absy et al., (2018) documented floral visitation patterns in the Amazon region using pollen analysis of honey, while Oliveira et al., (2014) reported that stingless bees utilize a wide range of pollen sources, though not necessarily unique plant species. Such analyses provide accurate insights into the floral diversity and foraging ecology of bees within specific landscapes.
Urban ecosystems are increasingly recognized as important habitats for pollinators. Bengaluru, often referred to as the “Silicon Valley of India” and the “Garden City,” possesses rich floral diversity due to its urban greenery, peri-urban forests, parks, institutional landscapes and widespread terrace and balcony gardening practices. These features create abundant and diverse floral resources that can serve as potential forage for stingless bees. Additionally, natural nesting sites such as stone walls, mud walls, wooden logs, galvanized iron pipes and old buildings support the presence of feral stingless bee colonies in urban and peri-urban areas (Vazhacharickal, 2016).
Despite their ecological and agricultural importance, information on the integration of stingless bees into urban ecosystem and their role in enhancing pollination services in urban landscapes remains limited. Furthermore, natural colonies are often difficult to manage due to challenges in collection and domestication without specialized techniques.
In this context, the present study entitled Foraging Ecology, Melissopalynological and Palynological studies of Stingless Bees (Tetragonula iridipennis Smith) in an Urban ecosystem of Bengaluru, India was undertaken to assess floral diversity, understand stingless bee foraging ecology and explore their potential integration in urban ecosystem.
2. MATERIALS AND METHODS
2.1. Study area
A periodic survey was undertaken at Purva-Venezia-Apartment, Yelahanka New Town, Bengaluru – 560064, Latitude 13.125o N and Longitude 77.552o E, an urban area of Bengaluru to gather information on floral diversity and foraging ecology of stingless bees from August 2021 to July 2022 at monthly intervals. The floral plant species visited by stingless bees and their floral rewards was recorded.
2.2. Assessment of floral diversity 
Periodic survey on the diversity of flowering plants including faunal diversity with special reference to stingless bees was conducted at monthly intervals with a view to identify the flowering time, major nectar and pollen yielding plants along with their botanical families in study area. The bee flora was identified with the help of the Dr. Shringeshwara, Botanist, Department of Forestry and Environmental Science, UAS, GKVK, Bengaluru.
The plants were classified as a nectar source, when the bees insert their proboscis into the flower for sipping the nectar, whereas in those species of plants, when the bee corbiculae get loaded with pollen during foraging, these were categorized as sources for the pollen. When both activities were observed on the same plant, that plant was considered as a source for both nectar and pollen.
2.3. Identification of nectar sources (Mellisopalynology)
To identify the nectar sources of study area 15 T. irridipennis colonies were placed in protected cage. The required amount (10 g) honey samples from freshly capped honey pots in each colonies were collected by using syringe at monthly intervals. The honey samples were stored and labeled in opaque vials for Mellisopalynology.
Pollen slides were prepared from the pollen grains separated from the honey samples following the methods described by Louveux et al., (1970). Pollen types from honey samples were identified with the help of reference pollen slides. Based on the frequencies of pollen grains present in honey samples, the nectar sources were grouped as predominant source of nectar: if pollen types >45 per cent, secondary source of nectar: if pollen types 16-45 per cent, important minor source of nectar: if pollen types 3-15 per cent, minor source of nectar: if pollen types ≤ 3 per cent and the pollen spectra was constructed (Moore and Webb, 1978).
2.4. Identification of pollen sources (Palynology)
The pollen sources of flowering plants in selected area were studied by capturing the required number of pollen load carrying bees at the hive entrance of their colonies. The pollen loads were collected by using fine brush and pollen slides were prepared by using acetolysis method as described by Erdtman (1952). The pollen grains of the prepared slides were identified by comparing the reference pollen slides which were prepared earlier. Based on the proportion of pollen grains of particular species present in the collected stingless bee pollen load, the pollen grains were classified as major pollen: >45 per cent, medium pollen: 16-45 per cent and minor pollen: <15 per cent. 
[bookmark: _Hlk122707503]2.5. Assessment of faunal diversity
	The faunal diversity of various insect species foraging on flowering plants in selected location were observed visually at fortnightly interval. They were collected and photographically documented starting from July 2021 to September 2022. Identification of species of insects was done by using the available taxonomic keys and expertise in the Biosystematics Lab, Niche Area of Excellence in Insect Taxonomy, Department of Agricultural Entomology, University of Agricultural Sciences, GKVK, Bangaluru.
3. RESULTS AND DISCUSSION
3.1. Pasturage sources of T. iridipennis Smith 
Totally 76 floral plants belonging to 35 botonical families were visited by T. iridipennis Smith including ornamental plants (36), medicinal plants (9), tree species (12)and weeds (19) at Purva-Venezia Apartment an urban ecosystem of Bengaluru (Table 1). Out of 76 floral plants, 21 plants provided only nectar, 14 plant species provided only pollen and 41 plants provided both nectar and pollen to T. iridipennis Smith. Imranali, (2016) who recorded total of 43 species as a bee forage plants, among which 12 species were exclusively stingless bee forage plants.  Among 43, species 19 species served as pollen sources five species served as a nectar sources and 19 species served as both pollen and nectar sources. 
Among 35 families, the maximum number of bee floral plant species were recorded in Asteraceae (8), Fabaceae (8), Apocyanaceae (8) followed by Amaranthaceae (6 ) Acanthaceae (5), Lamiaceae (4), Malvaceae (3), Euphorbiaceae (3), Rubiaceae (3), Caesalpinaceae (2), Magnoliaceae (2) and one each species belong to Mimosaceae, Arecaceae, Combretaceae, Myrtaceae, Verbenaceae, Anacardiaceae, Cannaceae, Meliaceae, Oleaceae, Papavaraceae, Oxaladiaceae, Simaroubaceae, Araceae, Bignoniaceae, Plumbaginaceae, Zingiberaceae, Geraniaceae, Amaryllidiaceae, Strelitziaceae, Portulaceae, Asphodelaceae Phyllanthceae, Mutingiaceae and Cycadaceae (Table 1). 
Among thirty-six ornamental plants belonging to 21 families, 13 plants provided only nectar, 8 plants provided only pollen and 15 plants provide both nectar and pollen. Out of 21 families, highest number of floral plants were documented in Apocyanaceae (7) followed by Acanthaceae (5), Amaranthaceae (3), Rubiaceae (2), Malvaceae (2) Asteraceae (2) and one species each belonging to Zingiberaceae, Cannaceae, Geraniaceae, Fabaceae, Amaryllidiaceae, Magnoliaceae, Euphorbiaceae, Plumbaginaceae, Oleaceae, Bignoniaceae, Lamiaceae, Cycadaceae, Araceae, Strelitziaceae and Portulaceae. Sanjay, (2009) recorded that Trigona laeviceps Smith visited 23 ornamental plants at Panthnagar. Engel and Dingemans (1980) stated that Melipona species visited 12 ornamental plants at Surinam, South America and Danaraddi (2007) found that genus Tetragonula visited 2 ornamentals at Dharwad.
Out of nine medicinal plants belonged to seven families, seven species provided both nectar and pollen, one species each from Asphalidaceae and Malvaceae provided only nectar and pollen respectively. Among seven families, maximum number of floral plants belonged to Lamiaceae (3), one species each were from Apocyanaceae, Asphodelaceae, Phyllanthceae, Amaranthaceae, Fabaceae and Malvaceae. Patnaik and Prasad (2006) reported that 11 medicinal plants were visited by Trigona iridipennis at Uttarakhand.
Out of 12 tree species grouped under 11 families, 8 plants offered both nectar and pollen, two species yielded only nectar and two species offered only pollen. Among 11 botanical families, two (2) floral plants belonging to Caesalpinaceae and one species each belonged to Combretaceae, Myrtaceae, Meliaceae, Magnoliaceae, Mutingiaceae, Fabaceae, Arecaeae, Simaroubaceae, Anacardiaceae and Mimosaceae. Danaraddi (2007) recorded six tree species that were visited by genus Tetragonula at Dharwad and Sanjay (2009) reported that Trigona laeviceps Smith visited seven tree species at Panthnagar.
Nineteen weed species categorized under 8 families, 11 plants offered both pollen and nectar, 5 plants provided only nectar and 3 plants yielded only pollen. Out of 8 families recorded, maximum number of floral plants belonged to Asteraceae (6), followed by Fabaceae (5), Amaranthaceae (2), Euphorbiaceae (2) and one species each from Verbenaceae, Oxaladiaceae, Rubiaceae and Papavaraceae.  Patnaik and Prasad (2006) who reported eight weed species were visited by Trigona iridipennis at Uttarakhand and Danaraddi (2007) recorded seven weed species that were visited by genus Tetragonula at Dharwad.

3.2. Floral calender for flowering plants visited by T. iridipennis Smith 
Foragers of T. iridipennis collected floral rewards from 76 floral plants during study period. Out of which, maximum number of floral plants flowered during year round (44), followed by April-September (6), March-September (5), June- September (5), December-May (4), July-September (3) and two species each flowered during February-May, May-January, September-December, October-March and one species during November-March were visited by T. iridipennis for collection of either nectar only, pollen or both (Table 2 and Plate 1-1c). 
	The predominance of year-round flowering plants also reflects the adaptive foraging strategy of stingless bees. Due to their small body size and short foraging range, stingless bees preferentially exploit nearby and consistently blooming floral resources to optimize energy expenditure. Continuous flowering species reduce the need for long-distance foraging and ensure stable nutrient intake for the colony. This pattern is especially important in urban and semi-natural ecosystems where floral abundance fluctuates seasonally and habitat fragmentation may limit resource accessibility. Studies on stingless bee foraging ecology have shown that colonies maintain high visitation rates to perennial flowering plants because these species provide reliable nectar and pollen rewards over extended periods (Bisui et al., 2021).
3.3. Palynology of pollen loads collected by T. iridipennis Smith 
The pollen load analysis of Tetragonula iridipennis Smith indicates a broad and flexible foraging pattern, reflecting its generalist nature in urban ecosystems. The dominance of eight floral species as major pollen sources (>45%), including Ocimum spp., Bidens pilosa, Euphorbia hirta and Cocos nucifera, suggests that these plants are highly preferred due to their abundance, continuous flowering and ease of pollen accessibility. Many of these species are common in urban landscapes and are known to produce large  amounts of pollen, making them reliable resources for stingless bees. Stingless bees preferentially forage on plant species offering abundant and easily harvestable pollen (5). Stingless bees often concentrate on a few dominant floral sources within a habitat, even when a wide range of plants is available (Nagamitsu and Inoue, 2005).
The medium pollen sources (16–45%), such as Hibiscus sp., Pongamia pinnata and Mimosa pudica, indicate secondary preferences, possibly influenced by seasonal availability, interspecific competition and variation in floral rewards. These plant species may serve as important supplementary resources when major pollen sources are scarce. Stingless bees adjust their foraging behavior dynamically in response to resource availability and environmental conditions (Roubik, 1992). Seasonal fluctuations in floral resources strongly influence pollen collection patterns in tropical bee species. During periods of floral dearth or reduced availability of dominant pollen sources, stingless bees often shift toward alternative plant species that can provide sufficient nutritional support for colony maintenance (Layek et al., 2025). 
The minor pollen sources (<15%), including Hedychium spicatum, Plumeria alba and Simarouba glauca, likely represent opportunistic or incidental visits. Factors such as floral morphology, limited pollen production, or lower attractiveness may restrict frequent visitation. Floral traits such as corolla depth, pollen presentation and nectar availability significantly influence the degree of bee visitation and resource utilization (Ramalho and Kleinert-Giovannini, 1990) (Table 3, Plate 2-2f).
Overall, the results demonstrate that T. iridipennis effectively exploits diverse floral resources while showing selective preference for high-reward plant species. This adaptability enhances its resilience in urban habitats and highlights its importance in sustaining pollination services. Stingless bees exhibit flexible, generalist foraging strategies, opportunistically exploiting a wide range of floral resources across tropical ecosystems (Wilms and Wiechers, 1997).
3.4. Melissopalynology of honey samples collected from T. iridipennis Smith colonies 
The melissopalynological studies of honey samples collected from T. iridipennis Smith colonies placed at Purva-Venezia urban Apartment, Bengaluru revealed that the pollen grains of eight floral plants viz., Ixora coccinea L., Canna indica Roscoe, Nerium oleander L., Barleria spp., Crossandra infundibuliformis L., Tridax procumbens L., Oxalis corniculata L. and Euphorbia hirta L. were predominantly (>45% pollen) found in honey samples and were treated as predominant nectar provider for the foragers of T. iridipennis. Their dominance in honey samples suggests high nectar secretion, floral abundance and accessibility, which are key factors influencing foraging preference. Predominant pollen types in honey reflect the principal nectar sources exploited by bees within a given habitat (Louveaux et al., 1978). The pollen grains of nine floral plants viz.  Zephyranthes candida Herb., Ocimum spp., Cocos nucifera L., Muntigiya calabura L., Anacardium accidentale L., Peltophorum ferrugineum DC., Eucalyptus globulus L., Phyllanthus acidus L. and Portulaca oleraceae L. were found in honey samples as secondary type of pollen (16-45% pollen) and were treated as secondary type of nectar source for the foragers of T. iridipennis. The pollen grains of eight floral plants viz. Alstonia scholaris L., Trachelospermum jasminoides L., Pelargonium inqinans L., Pongamia pinnata L., Thunbergia laurifolia L., Magnolia champaca L., Mimosa pudica L. and Simarouba glauca DC.  were found in honey samples as important type of minor pollen (3-15% pollen) and were considered as important minor type of nectar to the foragers of T. iridipennis. The pollen grains of three floral plants viz., Alternanthera sesselis L., Clitoria ternetea L. and Aloe vera L. were present in honey samples as minor type of pollen (<3% pollen) and were considered as minor type of nectar producer to the foragers of T. iridipennis Smith. Stingless bee honey typically contains mixed pollen spectra, reflecting heterogeneous foraging landscapes and adaptive resource utilization (Oliveira et al., 2014) (Table 4, Plate 2-2f).
4. CONCLUSION
The study demonstrated that urban ecosystems of Bengaluru has rich floral diversity capable of supporting sustainable populations of Tetragonula iridipennis Smith. The presence of 76 plant species across 35 families ensured year-round availability of nectar and pollen resources. Palynological and melissopalynological analyses confirmed the utilization of diverse floral sources, indicating the generalist foraging behavior of stingless bees. The results underscore the significant role of ornamental, medicinal, tree and weed species in providing continuous forage. Urban habitats were found to be conducive for the survival and proliferation of stingless bees due to availability of nesting sites and floral resources. The integration of stingless bees into urban ecosystem can enhance pollination efficiency and biodiversity conservation. Furthermore, promoting urban greening and bee-friendly planting strategies can strengthen pollinator services. Overall, the study provides a scientific basis for the conservation and utilization of stingless bees in urban ecosystems.
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Table 1: Pasturage sources of T. iridipennis Smith at Purva-Venezia urban apartment, Bengaluru during 2021-22.
	Sl. No.
	Common name
	Scientific name
	Flowering period
	Floral reward
	Family

	I.Ornamental plants


	1. 
	Pagoda tree  
	Plumeria alba L.
	January-December
	P
	Apocynaceae

	2. 
	Blackboard tree 
	Alstonia scholaris L.
	March-August
	N+P
	

	3. 
	Star jasmine  
	Trachelospermum jasminoides L.
	January-December
	N
	

	4. 
	Butterfly weed 
	Asclepias tuberosa L.
	June-August
	P
	

	5. 
	Allamanda  
	Allamanda sp.
	January-December
	P
	

	6. 
	Spider plant 
	Chlorophytum comosus L.
	March-May
	P
	

	7. 
	Oleander 
	Nerium oleander L.
	January-December
	N
	

	8. 
	Bengal clock wine 
	Thunbergia laurifolia L.
	January-December
	N
	Acanthaceae

	9. 
	Barleria
	Barleria repens L.
	September-December
	N+P
	

	10. 
	Phillipine violet
	Barleria sp. 
	June-December
	N
	

	11. 
	Barleria
	Barleria cristata L.
	September-December
	N+P
	

	12. 
	Firecracker flower
	Crossandra infundibuliformis L.
	October- March
	N
	

	13. 
	Neelambari  
	Gomphrena globosa L.
	January-December
	N
	Amaranthaceae 

	14. 
	Cockscomb 
	Celosia argentina L. var. cristata
	January-August
	N
	

	15. 
	Celosia 
	Celosia argentina L. var. plumosa
	January-August
	N
	

	16. 
	Ixora  
	Ixora coccinea L.
	January-December
	N+P
	Rubiaceae 

	17. 
	Fire bush 
	Hamelia patens Jacq.
	January-December
	P
	

	18. 
	Hibiscus  
	Hibiscus sp.
	January-December
	P
	Malvaceae

	19. 
	
	Hibiscus rosasinensis L.
	January-December
	P
	

	20. 
	Wedelia
	Sphagnolata trilobata L.
	January-December
	N+P
	Asteraceae

	21. 
	Ageratum 
	Ageratum conyzoides L.
	December - March
	N+P
	

	22. 
	White ginger lily 
	Hedychium spicatum L.
	April-September
	P
	Zingiberaceae

	23. 
	Canna 
	Canna indica Roscoe
	January-December
	N
	Cannaceae 

	24. 
	Garden geranium  
	Pelargonium inquinans L.
	January-December
	N
	Geraniaceae

	25. 
	Pongamia
	Pongamia pinnata L.
	February-April
	N+P
	Fabaceae  

	26. 
	Lily  
	Zephyranthes candida Herb.
	January-December
	N+P
	Amaryllidaceae 

	27. 
	Champak  
	Magnolia champaca L.
	June-September
	N
	Magnolaceae

	28. 
	Crown of thorns  
	Euphorbia mili L.
	January-December
	N+P
	Euphorbiaceae

	29. 
	Plumbago  
	Plumbago auriculata L.
	January-December
	N+P
	Plumbaginaceae

	30. 
	Jasmine  
	Jasminum sambacum L.
	April-September
	N
	Oleaceae  

	31. 
	Tecoma  
	Tecoma sp.
	January-December
	N+P
	Bignoniaceae  

	32. 
	Forest jasmine 
	Clerodendrum inerme L.
	January-December 
	N+P
	Lamiaceae

	33. 
	Sago palm 
	Cycas revoluta Thunb.
	March- September
	N+P
	Cycadaceae

	34. 
	Peace lily 
	Spathiphyllums p. 
	January-December
	N+P
	Araceae

	35. 
	Bird of paradise 
	Strelitzia reginae Banks.
	January-December
	N+P
	Strelitziaceae

	36. 
	10’O’ clock plant 
	Portulaca oleraceae L.
	January-December
	N
	Portulaceae



	II.	Medicinal plants 


	1. 
	Kamkasthuri
	Ocimumbasilicum L.
	January-December
	N+P
	Lamiaceae

	2. 
	Ocimum
	Ocimumgratissimum L.
	January-December
	N+P
	

	3. 
	Tulsi  
	Ocimum sanctum L.
	January-December
	N+P
	

	4. 
	Periwinkle  
	Catheranthus roseus L.
	January-December
	N+P
	Apocynaceae 

	5. 
	Aloe vera 
	Aloe vera L.
	May-June
	N
	Asphodelaceae

	6. 
	Amla   
	Phyllanthus acidus L.
	July-September
	N+P
	Phyllantheceae

	7. 
	Honagonesoppu
	Alternanthera sessilis Forssk.
	January-December
	N+P
	Amaranthaceae

	8. 
	Shankapushpi
	Clitoria ternatea L.
	January-December
	N+P
	Fabaceae  

	9. 
	Shri Mudre
	Abutilon indicum L.
	January-December
	P
	Malvaceae

	III. Trees


	1. 
	Copper pod
	Peltophorum ferrugineum DC.
	March-September
	N
	Caeselpinaceae

	2. 
	Gulmohar 
	Delonix regia (Boj.) Raf.
	April-June
	P 
	

	3. 
	Madagascar almond 
	Terminalia mantaly L.
	February-May
	N+P
	Combretaceae

	4. 
	Nilgiri
	Eucalyptus globulus L.
	December-May
	N+P
	Myrtaceae

	5. 
	Neem  
	Azadirecta indica A. Juss.
	January-March
	N+P
	Meliaceae

	6. 
	Champaka  
	Magnolia champaka L.
	June-September
	N
	Magnoliaceae

	7. 
	Malayan cherry  
	Mumtingiacalabura L.
	January-December
	N+P
	Mutingiaceae

	8.
	Camel’s foot tree 
	Bahunia purpurea L.
	June-September
	P
	Fabaceae  

	9.
	Coconut  
	Cocos nucifera L.
	January-December
	N+P
	Arecaceae

	10.
	Paradise tree
	Simarouba glauca DC.
	December- March
	N+P
	Simaroubaceae

	11.
	Cashew nut
	Anacardium accidentaleL.
	December-February
	N+P
	Anacardiaceae

	12.
	Rain tree 
	Samanea saman Jacq.
	March-September
	N+P
	Mimosaceae 

	IV.	Weeds


	1. 
	Tridax
	Tridax procumbens L.
	April-September
	N+P
	Asteraceae

	2. 
	Flabane weed
	Pulicaria dysenterica L.
	January-December
	N+P
	

	3. 
	Communist weed
	Chromolaena odorata L.
	January - March
	N+P
	

	4. 
	Parthenium  
	Parthenium hysterophorus L.
	January-December
	N+P
	

	5. 
	Snake weed  
	Stachyterpheta trilobata L.
	July-September
	N+P
	

	6. 
	Black jack  
	Bidens pilosa L.
	April-September
	N+P
	

	7. 
	Sickle Senna 
	Senna tora L.
	October - February
	N+P
	

Fabaceae

	8. 
	Bellary Jaali
	Prosopis juliflora L.
	January-December
	P
	

	9. 
	Touch me not 
	Mimosa pudica L.
	January-December
	N+P
	

	10. 
	Purple bush bean 
	Macroptilium atropurpureum L.
	January-December
	N
	

	11. 
	Stylosanthes 
	Stylosanthes hamata L.
	May - Jan 
	N
	

	12. 
	Alternenthera 
	Alternenthera sessilis L.
	April - July 
	N
	Amaranthaceae 

	13. 
	Amaranthus 
	Amaranthus viridis L.
	January - December
	N
	

	14. 
	Euphorbia  
	Euphorbia hirta L.
	January-December
	N+P
	Euphorbiaceae

	15. 
	Euphorbia 
	Euphorbia heterophyla L.
	January-December
	N+P
	

	16. 
	Lantana  
	Lantana camera L.
	January-December
	N+P
	Verbanaceae

	17. 
	Sleeping beauty  
	Oxalis corniculata L.
	January-December
	N
	Oxalidaceae

	18. 
	Borreria 
	Borreria hispa L.
	July - January
	P
	Rubiaceae

	19. 
	Mexican poppy 
	Argemone mexicana L.
	November- March 
	P
	Papavarace






Table 2: Floral calender and dominance of floral plants that were visited by T. iridipennis at Purva-Venezia urban apartment, Bengaluru during
 2021-22
	Sl.No.
	Flowering duration
	Number of species flowered
	Dominance of floral plants (%)


	1. 
	Year round
	44
	57.89

	2. 
	February-May
	02
	2.63

	3. 
	March-September
	05
	6.57

	4. 
	April-September
	06
	7.89

	5. 
	May-January
	02
	2.63

	6. 
	June- September
	05
	6.57

	7. 
	July-September
	03
	3.94

	8. 
	September-December
	02
	2.63

	9. 
	October – March
	02
	2.63

	10. 
	November-March
	01
	1.31

	11. 
	December- May
	04
	5.26



Table 3: Palynology of pollen loads collected from T. iridipennis at Purva-Venezia- urban apartment, Bengaluru during 2021-22
	Major source of pollen 
      (> 45% pollen)
	Medium source of pollen
       (16-45% pollen)
	Minor source of pollen
        (<15% pollen)

	Zephyranthes candida Herb.
Barleria rapens L.
Sphagnolata trilobata L.
Ocimum spp.
Biden pilosa L.
Euphorbia hirta L.
Argemone Mexicana L.
Cocos nucifera L.
	Hamelia patens Jacq.
Hibiscus sp.
Pongamia pinnata L.
Eucalyptus globules L.
Peltophorum ferrugineum DC.
Tridax procumbens L.
Mimosa pudica L.
	Hedychium spicatum L.
Plumeria alba L.
Simarouba glauca DC.



Table 4: Melissopalynology of honey samples collected from T. iridipennis Smith colonies placed at Purva-Venezia- urban apartment, Bengaluru during 2021-22

	Predominant type of pollen (>45 %)
	Secondary type of pollen
(16 – 45%)
	Important minor type ofpollen
(3-15 %)
	Minor type of pollen
(< 3 %)

	Ixora coccinea L.
Canna indica Roscoe
Nerium oleander L.
Barleria spp.
Crossandra infundibuliformis L.
Tridax procumbens L.
Oxalis corniculata L.
Euphorbia hirta L.

	Zephyranthes candida Herb.
Ocimum spp.
Cocos nucifera L.
Muntigiya calabura L.
Anacardium accidentale L.
Peltophorum ferrugineum DC.
Eucalyptus globulus L.
Phyllanthus acidus L.
Portulaca oleraceae L.
	Alstonia scholaris L.
Trachelospermum jasminoides L.
Pelargonium inqinans L.
Pongamia pinnata L.
Thunbergia laurifolia L.
Magnolia champaca L.
Mimosa pudica L.
Simarouba glauca DC.
	Alternanthera sesselis L.
Clitoria ternetea L.
Aloe vera L.
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                              Oxalis corniculataL.  	                                            Hibiscus sp.
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Mumtingiacalabura L.				  Ruta graveolens L.
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      Acmellaoleraceae L				Moringa olieifera L.
Plate 1: Floral plant species visited by T. iridipennis Smith in selected locations of urban and peri urban areas of Bengaluru during 2021-22 
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	Thithonia diversifolia L.                                               Bidens pilosa L.
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                JatropaintegerrimaJacq.	                                             Manilkara zapota L.
[image: ][image: F:\DCP Pndrive\THESIS\Fauna\Screenshot_20211116-153625.jpg]

	





                Euphorbia miliL.	                                                   Pentas lanceolata L.
Plate 1a: Floral plant species visited by T. iridipennis Smith in selected locations of urban and peri urban areas of Bengaluru during 2021-22 
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             Zephyranthes candida L.                                                       Cucumis sp.
[image: G:\honey analysis photos\20220308_143642.jpg][image: ]






[image: G:\honey analysis photos\IMG_20220409_221824_314.jpg][image: G:\honey analysis photos\20220308_144116.jpg]                       Ocimum sanctum L                                                         SyzygiumcuminiL






Citrus limon L                                                     Chlorophytum comosus L
Plate 1b: Floral plant species visited by T. iridipennis Smith in selected locations of urban and peri urban areas of Bengaluru during 2021-22 
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         Portulaca oleraceaeL.	                                                   SyzygiumjambosaL.
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                 Mimosa pudicaL.	                                                  Alternenthera sp.
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                  Brassica napus L.                                      	Zephyranthes sp.
Plate 1c: Floral plant species visited by T. iridipennis Smith in selected locations of urban and peri urban areas of Bengaluru during 2021-22 
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	i. Cassia fistula L.	                                              i. Tamarindus indica L.
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      i. Caesalpiniapulcherrima L.	                                         i. Minosa pudica L.
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            j. Eucalyptus globoseL.	                                      j. SyzygiumjambosaL.
Plate 2b: Pollen monographs observed in honey samples belonging to family i) Fabaceae and
                 j) Myrtaceae	
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	     k. Helicteru sisora L.                                                k. Thespesia populneaL
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                    k. Hibiscus sp.                                                           l. Mexican heather L.
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            m. MumtingiacalaburaL.	                                         n. Azadirecta indica L.

Plate 2c: Pollen monographs observed in honey samples belonging to family k)Malvaceae, l)   Lythraceae, m) Mutingiaceae and n) Meliaceae
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o. Musa paradisca L.                                                       p. Moringa oleifera L.
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       q.      Jasminum sambacum L.                                              r. Antigonon leptotusHook
[image: ][image: ]
                s. Passiflora foetida L.                                                          s. Turnerasp.

Plate 2d: Pollen monographs observed in honey samples belonging to family o)Musaceae, p) Moringaceae, q) Oleaceae, r) Polygonaceae and s)Passifloraceae
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                            t. Punica granatum L                                          u. Ixora coccinea L.
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           u. Hamelia patens Jacq.                                         v. Oxalis corniculata L.
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               w. Manilkara zapota L.                                   x. Simarouba glaucaDC.
Plate 2e: Pollen monographs observed in honey samples belonging to family t)Punicaceae, u) Rubiaceae, v) Oxalidaceae, w) Sapotaceae and x) Simaroubaceae
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y.Citrus maxima Merr.                                                        y.Citrus limon L.
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y.Ruta graveolens L.                                                       z. Capscicum annum L.
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@. Lantana camera L.                                                            #. Alpinia sp.

Plate 2f: Pollen monographs observed in honey samples belonging to family y) Rutaceae, z) S olanaceae, @) Verbanaceae and #) Zingiberaceae



[image: chinese violet old.jpg][image: ][image: ][image: ][image: ][image: ]






                         a. AsystasiagangeticaL.	                                     b. Mangifera indica L.
 








                       b. Anacardium accidentaleL.                                       c. Carica papaya L.







	
d. Cocos nucifera L.	                                       e. Tecoma stams Juss.
Plate 2: Pollen monographs observed in honey samples belonging to family a) Acanthaceae, b)Anacardiaceae, c) Caricaceae, d) Arecaceae and 
e) Bignoniaceae
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          f. CentrotherumanthelminticusL.	                   f. Sphagneticola trilobata L.
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                g. Euphorbia mili L.                                                   g. Ricinus communis L.







	      h. Vitex negundo L.                                                  h. Ocimum sanctum L.

Plate 2a: Pollen monographs observed in honey samples belonging to family f) Asteraceae, g) Euphorbiaceae and h) Lamiaceae,
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