


Morphological Characterization of Insect Pollinators Associated with Fruit Crops in Aurangabad District, Maharashtra	Comment by sankar ganesh: Specific region rather district


Abstract: 
Pollinator insects are essential to the reproductive success of fruit crops. Understanding their morphology is critical for species identification and ecological research. This research provides a complete description of the external morphology of important pollinator groups such as bees, flies, beetles and butterflies collected from fruit crops in the Aurangabad district. Key morphological characteristics including as body segmentation, mouthparts, wings, and specialised structures are discussed.	Comment by sankar ganesh: Ecological role…?
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Introduction:	Comment by sankar ganesh: Introduction must focus on the importance of study. It is advised to rephrase the paragraph in concise manner and highlight the importance of your work.
Also check the citation of the reference based on journal guidelines. 
	Pollinating agents play a crucial role in the survival and reproduction of many wild plant species Kearns et al., (1998). The importance of pollination has been recognised in recent years mostly by insects in crop plants Klein et al., (2007). A key and crucial step in blooming plant's sexual reproduction is pollination. Pollinating insects visit flowers to get nourishment because they depend on them. As they explore the flower, they naturally make contact with pollen grains, often without even trying in the process. Pollination is important for blooming plants, particularly horticulture crops, as it impacts fruit set and yield and Increases productivity. Similar to bees, wasps use their hairy bodies to gather pollen grains. Functional characteristics are the main way that animals affect ecological processes Naeem & Wright, (2003); Petchey & Gaston, (2006). As shown by the work of Hillebrand and Matthiessen (2009) and further supported by Gagic and colleagues (2015), trait-based research is dominated by studies on plants and primary production, and little is known about the essential traits for multitrophic and animal-mediated activities, especially for terrestrial invertebrates. Many insect pollinators, such as Hymenoptera, Diptera, Lepidoptera, and Coleoptera, consume flowers in temperate regions. Based on their evolved mouthparts that enable them to swallow either solid food or liquid, each species feeds on the pollen or nectar of a certain plant either liquid like honey or pollen Krenn et al. (2005). Some of the pollen rubs off onto other flowers as they move from one bloom to the next. Some bees even create a special structure called a corbicula, also referred to as a pollen basket, to gather and carry enormous amounts of pollen to their home. The pollinators visit blooms from the same plant species, a phenomenon known as floral constancy. They usually only eat that species until it is released when they find a profitable food supply. It is possible to send more pollen to the same plant species to promote cross-pollination. The hairiness of insect pollinators is an extraordinary trait that has been linked to successful pollination, thermoregulation, and pollen intake and transportation. Insect body hairs are essential for collecting pollen, which insects utilize for sustenance and to feed their larvae, according to observational studies. Holloway, (1976); Thorp, (2000). When many bees employ specialist hair structures called scopae to convey pollen to the nest for larval provisioning, the hairs facilitate active pollen collection Thorp, (2000). Furthermore, flies and bees have hairs covering their body surfaces that help them passively gather pollen for consumption by adults Holloway, (1976). Because they are present all year round and frequently visit flowers to consume nectar and/or pollen to maintain essential biological functions like flying and pollination, flies are thought to be a useful alternative to or supplement to bees as pollinators birth Noris (1965). They may be able to collect and transport pollen from a range of flowers due to their hair. A fly species can be an effective pollinator when its body size naturally fits the shape and size of a flower it visits. This physical compatibility allows the fly to easily access nectar and, in the process, pick up and transfer pollen. Additionally, some flies can adjust their larval development based on the nutrition available in their environment, helping them thrive in different habitats and maintain their role in pollination. According to their botanical family, pollen grains are stored in pollen baskets on the legs of some Apidae (such as the bumblebee and honey bee corbiculae). On the other hand, workers of social species such as bumblebees and honey bees rarely collect nectar and pollen simultaneously. They usually concentrate on flower species that are dominated by one or both of these rewards Tepedino and Parker (1982); Rasheed and Harder (1997). Therefore, in order to analyse the pollinator insect's efficiency for the pollination process, it is vital to comprehend its morphology.	Comment by sankar ganesh: Not clear	Comment by sankar ganesh: Check..

Materials and Methods:
Study area:
  	The Aurangabad district, located at the heart of Maharashtra, spans an area of approximately 10,107 square kilometres. Out of this, nearly 8.14 lakh hectares are cultivable, reflecting the region's strong agricultural base. The district experiences an average annual rainfall of about 675.46 mm and has a cropping intensity of 115%, indicating efficient land use and multiple cropping practices. The soils of Aurangabad are generally mildly alkaline, with an average pH of 7.89. Fruit cultivation forms an important part of the district’s agriculture. Around 41.32 thousand hectares of land are dedicated to fruit crops, with sweet orange (Citrus sinensis, locally known as Mosambi), mango (Mangifera indica), sapota (Manilkara zapota), and custard apple (Annona squamosa) being the dominant fruit species grown in the region. This data is sourced from the Department of Agriculture & Farmers Welfare, Aurangabad district, Maharashtra. The present survey was conducted across various talukas of the district, including Paithan, Khultabad, Sillod, and Aurangabad, among others. Fieldwork for this study was carried out over a three-year period spanning 2022 to 2024.	Comment by sankar ganesh: Citation may be provided to support the data.

Collection and Preparation of Insect Pollinators for SEM Analysis:
 	The pollinators were collected as per need only from various sampling site of Aurangabad district and dissected for photography and image. Insect pollinators were collected from the field using a standard insect sweep net. The sweep net consisted of a circular iron ring (30 cm in diameter) attached to a nylon mesh bag of 30 cm diameter and 75 cm depth. This ring was secured onto a 75 cm long iron pipe handle to facilitate effective sampling. Once captured, the insect specimens were temporarily stored in plastic containers measuring 6.5 cm in length and 4 cm in diameter, and then transported to the laboratory for further analysis. 
For Scanning Electron Microscopy (SEM) analysis, representative insect pollinators collected from various fruit crops were dissected after a few days of acclimatization under field-like conditions. Specific body parts such as antennae, legs, proboscis, and heads were carefully dissected using fine-tipped forceps. The samples were thoroughly cleaned and subjected to a dehydration process following a graded ethanol series: 30%, 45%, 60%, 75%, 90%, and 95% for 15 minutes each, followed by two rounds of dehydration in 100% ethanol for 15 minutes each, as per the protocol described by Chang et al. (2015). After dehydration, the proboscis and antennae samples were dried, mounted on aluminium stubs using double-sided carbon adhesive tape, and then sputter-coated with gold using a Quorum Q150T ES sputter coater (40:60 ratio). The SEM images obtained were used to document the fine morphological structures critical for species identification and pollination-related adaptations.

Results and Discussion:   
Morphology of pollinator insects.
A) Apis mellifera : 
Phylum – Arthropoda,
Class- Insecta
Order- Hymenoptera,
Family – Apidae,
Genus – Apis,
Species – Apis mellifera.

Western honey bee is scientifically known as Apis mellifera. It possesses a range of distinctive morphological features that make them well-adapted for their ecological role, especially in pollination. The head carries the pair of sensitive, jointed antennae used for smelling and sensing vibrations, as well as a long, specialized mouthpart known as the proboscis, which allows them to collect nectar from flowers efficiently. Their thorax is densely covered in fine hairs, aiding in the transfer of pollen from one flower to another. Notably, the hind legs of worker bees are equipped with structures called pollen baskets, or corbiculae, which they use to collect and transport pollen back to the hive. Interestingly, the physical appearance of Apis mellifera can vary significantly depending on their geographic location and environmental conditions. Subspecies that have evolved in different regions often differ in size, coloration, and even in behaviour, reflecting their adaptation to local climates and ecological pressures. The image A represents depicts the whole mouthpart structure of Apis mellifera. Key components that are visible includes mandibles are used to manipulate wax and flower structures galea and glossa are proboscis components that are vital for nectar eating. Dense setae (hair-like structures) around the mouthpart help to catch and transmit pollen grains during flower visits. Image B shows Enlarged mouthpart with adhering pollen grains Close-up of the same area, with pollen grains adhered to the mouthparts. This verifies the function of face and mouthpart hairs in pollen collection. The images show tiny, branched hairs with barbs that are especially good at grabbing and holding onto pollen. Image C shows the proboscis (glossa and labial palps) is stretched to collect nectar. This narrow structure is critical for reaching floral nectar chambers and frequently comes into contact with anthers and stigmas. The fine hairs help the bee do two jobs at once gathering nectar and picking up pollen along the way. Enlarged proboscis with attached pollen grains an enlarged picture of the proboscis reveals several pollen grains attached to the hair structures. This illustration emphasizes how the bee unintentionally transmits pollen while foraging, resulting in cross-pollination. Image D shows the honey bees middle or rear leg is captured by this SEM. Bee legs are significantly altered for the purpose of collecting pollen, particularly in Apis mellifera, which has: Combs of pollen (rows of stiff hair) Corbicula, or pollen baskets, on the back tibia Pollen is efficiently groomed and transported to the corbicula by the structure and thick bristles. This SEM plate offers convincing morphological proof of how different Apis mellifera structures have been modified for pollination. Pollen grains are effectively captured and transported by hair structures called setae on the legs, mouthparts, and proboscis. This demonstrates how important honey bees are to agricultural and natural environments as efficient pollinators. SEM analysis showed densely barbed setae on the proboscis and mouthparts, confirming earlier work by Thorp (2000) and Michener (2007), who emphasized the role of these structures in efficient pollen transfer.  Harder & Barrett, (1996) state that the presence of pollen grains on the proboscis, even in locations not intended for pollen gathering. SEM imaging reveals tiny hairs on the glossa that have a dual purpose: they enhance in nectar absorption via capillary action and catch pollen during foraging. Winston, (1987) state that supports the notion that pollination by bees is not always an intentional action, but rather a lucky by product of their nectar collecting behavior. The anatomical intricacy of the bee's legs, particularly the middle and hind legs, allows pollen collected from diverse body locations to be efficiently gathered and stored while flying. 




 
B) Tetragonula iridipennis  
Phylum – Arthropoda
Class- Insecta 
Order- Hymenoptera, 
Family – Apidae, 
Genus – Tetragonula, 
Species – Tetragonula iridipennis. 

The Indian stingless bee, Tetragonula iridipennis also known as the dammar bee is  small, highly social insect with a dark black or brown body, typically measuring between 3.5 and 4 millimeters in length. The mesoscutum (middle thoracic region) is dark, with four distinct hair bands separated by larger, hairless intervals. These bees differ from honeybees in that they lack a functional stinger and are smaller in size. T. iridipennis lacks a functioning stinger, which sets it apart from honeybees. The mandibles are also useful for nest construction and pollen gathering. Image A gives a close-up view of the bee’s head, clearly showing its mouthparts, antennae, and large compound eyes. The mouthparts of Tetragonula iridipennis are specially adapted for sucking and lapping up nectar from flowers, helping the bee feed efficiently during its floral visits. Mandibles and the labarum help manipulate flower components. The lower part displays the proboscis, which is made up of the glossa and labial palps. Fine setae (hair-like structures) that may aid in pollen adherence and flower chemical detection are visible under a scanning electron microscope. Image B shows legs the bee's foreleg or midleg is visible in this picture. It has spines and sensory hairs called setae. These frameworks aid in: Grasping the surfaces of flowers Pollen collection and transfer. If pollen is present, the bee uses its legs to groom and transfer it to the corbicula, or pollen basket. Image C offers a close-up view of the leg’s tarsal segments, were dense, branching hairs (setae) can be seen. These fine structures are excellent at trapping pollen, and several grains are visibly attached to the surface. Round or granular granules adhering to the cuticular surface are indicative of pollen grains. Microstructures that facilitate pollen collecting can be observed thanks to the SEM magnification, including: Stingless bees have dense hair brushes called scopae. To collect pollen and clean antennae, tibial spurs and comb-like structures are employed. Hence the significance shows in pollination biology, these SEM pictures are essential for comprehending functional morphology. Michener, (2007); Roubik, (1995) states that the  pollen adhesion due to their branching nature, pollen can attach during floral visits. Some setae serve as sensilla, helping to detect flower volatiles and nectar. According to Heard (1999) These changes promote efficient nectar foraging and necessitate inadvertent pollen collecting the leg form suggests a high degree of specialisation for floral interaction, especially in compact or narrow flowers, which are frequent in Indian fruit crops. The study reveals adhering pollen grains, which are often visible as spherical or granular formations on the surface.  According to Wille, (1983) the surface morphology, which includes ridges and small hooks, promotes the electrostatic and mechanical hold on pollen grains. Close-up shots also show the tibial spurs and comb-like structures, which function to: Clean the antennae of debris and pollen. Groom pollen from different regions of the body to the scopae. These modifications show that even tiny stingless bees have extensive morphological specialisations for efficient feeding and pollen transport.  
C) stomorhina subapicalis 
Phylum- Arthropoda 
Class- Insecta 
Order- Diptera 
Family- Rhiniidae 
Genus-Stomorhina. 
Species- Stomorhina subapicalis 
The fly Stomorhina subapicalis has various distinguishing physical features include a large proboscis, a thorax with longitudinal stripes, and an abdomen with yellow and black bands. It can be easily recognized by the clear longitudinal stripes running along its thorax and the bright yellow and black banding on its abdomen, giving it a distinctive and eye-catching appearance. The body typically measures between 5 and 9 mm in length, with a wingspan ranging from 13 to 16 mm. Image A represents the mouthpart and depicts the dorsal SEM image of the fly's labium and labella. The grooves and folds enable for the sponging of liquid nectar. Pollination role: These structures aid in nectar eating and pollen pick-up and transport when they come into touch with flower reproductive organs. A close-up ventral view of the extended proboscis is shown in image B. along the surface, bristles and sensilla are discernible. This organ is extended by the fly in order to absorb fluids. Additionally, pollination's function serves as the main point of contact with flowers; while feeding, the surface has the ability to capture and move pollen. Image C represents a magnified view of the fly’s leg, clearly showing pollen grains clinging to its surface. This high-resolution SEM image reveals the fine bristles and microstructures on the leg, which effectively trap pollen during floral visits and function as a pollinator. Important morphological evidence for Stomorhina subapicalis's pollination function is provided by these SEM photos. Despite being less well-known than bees, flies are efficient mechanical pollinators due to their hairy bodies, eating habits, and frequent visits to flowers. According to Kearns, Inouye & Waser, (1998) The pollination relevance arises from the repeated contact of these mouthparts with floral reproductive structures during feeding, facilitating indirect pollen pick-up and transfer. These morphological features were also recorded by Larson et al. (2001), who observed that many dipterans possess sponge-like labella with grooves and channels that inadvertently collect and transfer pollen grains during feeding. According to Orford, Vaughan & Memmott (2015), non-syrphid flies including Rhiniid and Calliphorid species often function as unintentional effective pollinators. 
  
D)  Epuraea aestiva 
Class : Insecta 
Order :  Coleoptera 
Family : Nitidulidae 
Genus : Epuraea (Erichson, 1843)
Species : Epuraea aestiv (Linnaeus, 1758)
The species is Epuraea aestiv Small, often 2.0-3.5 mm in length oval, somewhat flattened dorsoventrally. The body colour of the beetle varies from yellowish-brown to dark brown, with the elytra (wing covers) usually appearing lighter than the pronotum. Its antennae are made up of eleven segments, with the last three forming a distinct club-like structure. They are normally bland in appearance, although some species have distinctive patches on their bodies, such as yellow and red markings. Image A shows a frontal view mouthparts as seen in the SEM image. The mandibles, or chewing portions, are positioned in the middle and are robust and sclerotised for gnawing. Small appendages called maxillary and labial palps are utilised for manipulating food and conducting sensory inspection. There are noticeable dense setae, which resemble hairs and may catch pollen grains. During feeding, these structures aid in pollen transport and the beetle's interaction with floral tissues. Image B is magnification to focus on the leg's tarsal segment. The leg's function in passive pollen gathering is demonstrated by the visible pollen grains adhered to the cuticle surface and bristles. Fine setae aid in the surface adherence or electrostatic trapping of pollen grains. This highlights the important role the beetle’s legs play in picking up and moving pollen on the outside of its body. Image C shows a close-up photograph displaying the beetle's mouthparts in excellent detail. There is obvious adhesion of pollen grains to the mouthpart surfaces and setae. This suggests that the beetle helps with pollination by carrying pollen in addition to feeding on floral resources. The thick setae may occasionally catch pollen grains, but the antennae are mostly sense organs (smell, touch). Despite being a beetle, Epuraea aestiv actively participates in pollination because of its hairy body and habit of visiting flowers. Microscopic proof of pollen adherence to important bodily parts can be found in SEM pictures. This supports the beetle's possible function in ecosystems as a facultative pollinator, particularly in fruit crops. This supports the idea that feeding and pollen transport may occur simultaneously, as has also been observed in other sap beetles and pollen-feeding coleopterans by (Krenn et al., 2005; Gottsberger, 2016). Similar observations have been made in other beetle groups like the Nitidulidae and Cucujoidea, where the dense surface textures on their legs help pollen stick—either through physical contact or electrostatic attraction Faegri & van der Pijl, (1979); Proctor et al., (1996). 
Conclusion:	Comment by sankar ganesh: Conclusion section only needs to highlight the major findings in precise manner.
 	This study highlights the remarkable diversity in pollination adaptations across different insect groups, as revealed through detailed SEM imaging. Honey bees (Apis mellifera) and stingless bees (Tetragonula iridipennis) display highly specialized structures—such as the proboscis, corbiculae, and dense setae—designed to actively collect and transport pollen while foraging for nectar. Their morphological traits clearly reflect their critical role as efficient, intentional pollinators in agricultural ecosystems.
In contrast, flies like Stomorhina subapicalis and beetles such as Epuraea aestiva exhibit more passive modes of pollination. While they lack some of the specialized pollen-gathering structures seen in bees, the presence of branched setae, grooved mouthparts, and bristled legs enables these insects to inadvertently pick up and transfer pollen during floral visits. SEM images provided compelling microstructural evidence of pollen adherence on their body parts, underlining their significance as incidental or facultative pollinators. Together, these findings reinforce that effective pollination is not exclusive to bees. Even lesser-known or overlooked insects play essential roles in pollination networks—especially in fruit crop systems through a combination of morphological features and floral foraging behaviours. Appreciating this diversity is crucial for conserving pollinator biodiversity and ensuring sustainable agricultural productivity.	Comment by sankar ganesh: Is any data recorded during the study?
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PLATE-01

Scanning electron microscope image of body parts of Apis melifera
from order hymenoptera

A. Mouthpart
B. Enlarge mouthpart with adheren pollen grain
C. Probosis

D. Enlarge probosis with adheren pollen grain
E.Leg
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PLATE-02

Scanning electron microscopic image of body part
of Tetragonula iridipennis (order Hymenoptera)

A. Mouthpart
B. Leg
C. Enlarge leg with adheren pollen grain
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PLATE NO- 03

Scanning electron microscope image of body parts of
Stomorhina Subapicalis of order Diptera

A. Mouthparts
B. Probosisi

C.Leg
D. Enlarge leg with adsive pollen
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PLATE-04

Scanning electron microscope image of body parts of
Epuraea aestiv of (order- Coleoptera)

A. Mouthpart

B. Enlarge leg with adheren pollen grain

C. Enlarge mourthpart with adheren pollen grain
D. Antenna




