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Morphometric characterization of the stingless bee (Tetragonula iridipennis) Smith (Apidae, Hymenoptera) 

Abstract
The morphometric characterization of the stingless bee (Tetragonula iridipennis) from the North Eastern Plain Zone of Uttar Pradesh, India (25025’62.12” N and 82099’20.28” E) was recorded. The Forager stingless bees were collected from the blooms of Indian mustard at the Agricultural Research Farm, Institute of Agricultural Sciences, Banaras Hindu University, Varanasi during rabi 2023-25. The collected samples were preserved in 70% ethanol (alcohol) and examined under a stereo zoom microscope. The fourteen key morphometric characteristics of the T. iridipennis species were precisely measured. In average, specimens examined were having 3.83±0.105 mm body length, 1.40±0.027mm head length, 1.76±0.041mm head width, 1.58±0.028mm thorax length, 1.18±0.018mm thorax width, 1.50±0.019mm abdomen length, 1.17±0.004 abdomen length, 1.26±0.038mm proboscis length, 1.01±0.025 hind femur length, 1.38±0.025mm hind tibia length, 3.30±0.057mm forewing length, 1.37±0.040mm forewing width, 2.38±0.059mm hindwing width, and 0.58±0.015mm hindwing. Based on previous reports of morphological characteristics, our morphometric measurements are corroborated, and we confirmed that the specimen examined is T. iridipennis.
Introduction
Stingless bees are eusocial insects with an organized system of division of labour and are commonly known as ‘dammer bees’ as they collect dammer (a clear to yellow resin derived from dipterocarp trees, used in varnishes and inks) (Rasmussen 2013) for the construction of their nests along with the wax produced from their body (Abrol 2012). The colony strength may vary from around 100 to 1,00,000 individuals depending upon species, and honey production varies from 200 to 5000 g per season (Couvillon et al., 2007; Rahman et al., 2015). Stingless bees are recognised as highly effective pollinators of a wide range of crops (Singh, 2023), owing to their frequent foraging activity and ability to visit flowers in large numbers. Their small body size and foraging behaviour enable them to access floral resources that may not be utilised efficiently by other pollinators. Stingless bees play a vital role in enhancing pollination, thereby improving crop productivity and quality Inin crops such as fruits, vegetables, spices, and oilseeds., stingless bees play a vital role in enhancing pollination, thereby improving crop productivity and quality. Unlike some pollinators that are active only during specific periods, stingless bees forage throughout the day and across different seasons, making them reliable contributors to agricultural productivity. Promoting the use of stingless bees in crop pollination offers a sustainable and eco-friendly approach to boosting yields while also conserving native pollinator diversity (Slaa et al., 2006; Rahman et al., 2015). The term ‘stingless,’ though a misnomer, indicates a weak or vestigial stinger in females, which is unable to inflict pain on humans, unlike the other species of honey bees. Instead of stinging, inflicting a mild bite with their mandibles, crawling into the ears or nostrils of invaders, or emitting a caustic liquid from their mouth, causing skin irritations, whichthese are some common defense mechanisms in them (Makkar et al., 2018). 
Stingless bees are a monophyletic group principally found in the tropical and subtropical areas of America, Africa, Australia, Asia (Cortopassi-Laurino et al., 2006), neotropical regions (from Mexico to Argentina), Indo-Australian regions (India, Sri Lanka, Taiwan, Solomon Islands, the southern part of Indonesia, and New Guinea), and the Australian region (Roubik 1989; Michener 2007; Vijayakumar and Jeyaraaj 2014). Worldwide, there are 505 named species of stingless bees (Ascher and Pickering 2016). The stingless bee species are taxonomically organized into two major genera, viz., Trigona and Melipona; among these, Trigona is the largest group and consists exclusively of the genus Melipona. Among a total of 50 genera of stingless bees, Trigona and Melipona are the major ones; most of the Asian and African stingless bee species belong to the former genus (Michener 2013). Most of the Asian and African stingless bee species belong to the genus Trigona (Michener 2013). Out of these, Tetragonula (Moure 1961) is a complex and the most widespread genus (Moure 1961) of stingless bees in the Indo-Malayan region, reported from India to the Solomon and Caroline Islands, and contains 32 described species (Rasmussen 2013). The total number of named species of stingless bees in India is eight (Lepidotrigona arciferal, Lisotrigona cacciae, Lisotrigona mohandasi, Tetragonula bengalensis, Tetragonula iridipennis, Tetragonula ruficornis, Tetragonula gressitti, and Tetragonula praeterita) (Sakagami, 1978; Rasmussen, 2008; Rasmussen and Cameron, 2007; Rasmussen and Cameron, 2010; Rathore et al., 2013; Rasmussen, 2013; Singh, 2016). The genus was proposed with Trigona iridipennis Smith, 1854 as the type species from Sri Lanka (Smith 1854). Stingless bees are distinguished from other corbiculate Apinae by reduced forewing venation and the presence of the jugal lobe in the hindwing.
Despite of ecological and economic importance of Stingless bees as efficient pollinators and nutraceutical beehive producers, they remain poorly studied from a taxonomic perspective in Uttar Pradesh and across much of India. Unlike honey bees, which have received considerable scientific attention, stingless bees are often overlooked, leading to significant gaps in knowledge regarding their distribution, taxonomic and morphometric characteristics, and species diversity. The limited number of systematic surveys and morphometric studies has hindered proper identification and documentation, making it difficult to explore their ecological services, conservation, and management strategies. The prospects lie in integrating traditional taxonomy with modern tools such as molecular characterisation, morphometrics, and ecological studies, which would provide a clearer understanding of species richness and their contribution to agriculture and biodiversity. The information on the diversity and distribution of stingless bees in different agroclimatic regions of Uttar Pradesh has been lacking. The complete account of the morphometric characterization of T. iridipennis will help to further investigate the species richness and diversity of stingless bees in Uttar Pradesh, India.
Methodology
The stingless bee specimens were collected during the daytime by the sweeping method from the flowers of Indian mustard (Brassica juncea L.) in the northeastern plain zone of Uttar Pradesh, India (latitude and longitude, 25025’62.12” N and 82099’20.28” E) during the Rabi season 2023-25. The samples were preserved in a 70% ethanol solution for morphometric measurement and the identification process. The stingless bees' morphometrics measurement was conducted in the Molecular Laboratory of the Department of Entomology and Agricultural Zoology, Institute of Agricultural Sciences, Banaras Hindu University, Varanasi, India. These measurements were compared with the available references for the confirmation of the stingless bee species T. iridipennis. 
Specimen identification and morphometrics measurement 
Stingless bee specimens were identified based on morphological characters and morphometric measurements as described by Sakagami (1978), Sakagami and Inoue (1987), and Sakagami et al. (1990). Morphometric measurements were performed using a stereomicroscope (Devinder) and ImageJ software. Morphometrics of the stingless bee consist of body length, head width (Sakagami 1978); head length (Michener 2007); proboscis length (Lintu et al., 2021); length and width of forewing, length, and width of hindwing (Klakasikorn et al., 2005); hind tibia length (Sakagami 1978); and femur length (Klakasikorn et al. 2005; Efin et al., 2019). Ten samples were taken for morphological character and morphometric measurements of stingless bees, and the average values were obtained.
Data analysis   
The morphometric measurements were recorded using ImageJ software, ensuring accuracy in size estimation. The collected data were further analysed statistically with OPStat software and Excel to derive the mean values and assess variations among different characters.
Result and discussion
The morphometric examination of the stingless bee revealed distinct variations across different body parts, as presented in Table 1, Figure 1, and Plate 1. The overall body length was observed to range from 3.24 to 4.30 mm, with an average value of 3.83 mm, indicating wee differences in size among the specimens studied. The head dimensions also showed variation, with the head length ranging between 1.23 and 1.54 mm, yielding a mean of 1.40 mm, while the head width measured between 1.76 and 1.95 mm, with a corresponding mean of 1.76 mm. The thoracic measurements suggested a compact structure, with the thorax length varying from 1.56 to 1.72 mm and a mean of 1.58 mm, whereas the thorax width ranged from 1.14 to 1.21 mm, averaging 1.18 mm. The abdomen was relatively well proportioned, with length measurements between 1.42 and 1.60 mm and a mean of 1.50 mm, while the width ranged from 1.15 to 1.20 mm with a mean value of 1.17 mm. The proboscis length, an important feature linked to foraging behaviour and floral preference, was found to vary between 1.35 and 1.45 mm, with an average of 1.26 mm.
About the legs, the hind femur length ranged between 0.87 and 1.11mm, with a mean value of 1.01 mm, while the hind tibia length varied from 1.37 to 1.46 mm, averaging 1.38 mm. These measurements suggest well-developed appendages that support foraging and pollen collection. In terms of wing morphology, the forewing length was recorded between 3.40 and 3.60 mm, with a mean of 3.30 mm, while the forewing width varied from 1.38 to 1.55 mm, giving an average of 1.37 mm. The hind wings were comparatively smaller, with a length ranging from 2.19 to 2.55 mm and a mean of 2.38 mm, while the width ranged between 0.57 and 0.64 mm, with a mean of 0.58 mm. Overall, these morphometric observations highlight the structural variations in the body parts of the stingless bee, which may have significant implications for its ecological adaptability and pollination efficiency.
The findings of the present study are in close agreement with earlier reports on the morphometric characteristics of T.etragonula iridipennis. Makkar et al. (2018) observed that the total body length of this species ranged between 3.59 and 3.67 mm, while the head width varied from 1.59 to 1.61 mm. They further recorded the head length as 1.605 ± 0.002 mm, with thorax length and width measuring 1.519 ± 0.002 mm and 1.144 ± 0.003mm, respectively. Additionally, the reported lengths of the abdomen were 1.478 ± 0.00 mm and 1.162 ± 0.005 mm, respectively. Complementing these findings, Efin et al. (2019) reported wing morphometrics, with forewing length and width measuring 4.26 mm and 1.49 mm, respectively, while the hind wing length and width were recorded as 2.85 mm and 0.73 mm. Similarly, Trianto and Purwanto (2020) provided supporting evidence, noting that the hind femur length ranged from 1.15 to 1.18 mm, with an average of 1.16 mm. They also reported that the hind tibia length varied between 1.73 and 1.76mm, with a mean of 1.74 mm. Further, Lintu et al. (2021) reported that the proboscis length of T. iridipennis ranged from 1.19 to 1.37mm, with a mean of 1.30mm. Their study also recorded a body length of 3.69 mm, along with head lengths and widths of 1.39 mm and 1.74 mm, respectively. Taken together, these studies highlight a high degree of consistency in morphometric observations of T. iridipennis across different research findings.
Table 1: Morphometric measurement of stingless bee (Tetragonula iridipennis)
	Insect body characters
	Maximum (mm)
	Minimum (mm)
	Mean (mm)

	Body length
	4.30
	3.24
	3.83±0.105

	Head length
	1.54
	1.23
	1.40±0.027

	Head width
	1.95
	1.76
	1.76±0.041

	Thorax length
	1.72
	1.56
	1.58±0.028

	Thorax width
	1.21
	1.14
	1.18±0.009

	Abdomen length
	1.60
	1.42
	1.50±0.019

	Abdomen width
	1.20
	1.15
	1.17±0.004

	Proboscis length
	1.45
	1.35
	1.26±0.038

	Hind femur length
	1.11
	0.87
	1.01±0.025

	Hind tibia length
	1.46
	1.37
	1.38±0.025

	Forewing length
	3.60
	3.40
	3.30±0.057

	Forewing width
	1.55
	1.38
	1.37±0.040

	Hind wing length
	2.55
	2.19
	2.38±0.059

	Hind wing width
	0.64
	0.57
	0.58±0.015

	CD at 5 %
	-
	-
	0.110

	SE (m)
	-
	-
	0.039

	P value
	-
	-
	0.0001

	CV
	-
	-
	7.355




Figure 1: Graphical representation of morphometric characters of the stingless bee (Tetragonula iridipennis).
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  Plate 1: Images of different body parts of T. iridipennis 

Conclusion
The morphometric study of the stingless bee revealed notable variations in body size and structural traits, reflecting its adaptive efficiency for foraging and pollination. The overall body length ranged from 3.24 to 4.30 mm, with an average of 3.83 mm, indicating wee differences among individuals. The head (1.23-1.54 mm in length; 1.76-1.95 mm in width) and thorax (1.56-1.72 mm in length; 1.14-1.21 mm in width) showed compact proportions, while the abdomen (1.42-1.60 mm in length) was well balanced. The proboscis measured 1.35-1.45 mm, suggesting suitability for accessing the floral nectar gland of the flowers for lapping the nectar. Leg measurements, such as hind femur (0.87–1.11 mm) and hind tibia (1.37-1.46 mm), indicated strong appendages for pollen collection. The forewings (3.40-3.60 mm) and hind wings (2.19-2.55 mm) reflected efficient flight adaptation. Overall, these morphometric characteristics demonstrate the stingless bee’s structural specialisation and potential ecological adaptability, supporting its vital role as an effective pollinator in diverse floral environments.
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