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DIVERSITY OF DIURNAL INSECT POLLINATORS IN MUSTARD (Brassica juncea) AGRO-ECOSYSTEMS



Abstract: 
Pollinator diversity enhances ecosystem resilience and ensures stable pollination under varying environmental conditions. A field study was conducted to assess the diversity and community structure of diurnal insect pollinators associated with mustard (Brassica juncea). Pollinators were recorded through quadrate observations, sweep netting and visual counts during the flowering period. Five insect orders were recorded during the study, among which Hymenoptera exhibited the highest species richness (16 species), followed by Diptera (11 species) and Lepidoptera (10 species). Hymenoptera also showed the highest diversity with a Shannon–Wiener diversity index (H′) of 2.30 and Simpson’s diversity index of 8.02, along with comparatively lower dominance (Berger–Parker dominance index = 0.19). Diptera and Lepidoptera also recorded relatively high diversity and evenness, indicating a balanced representation of species within these orders. In contrast, Coleoptera and Hemiptera were comparatively species-poor with lower species richness; however, these groups exhibited relatively higher evenness values, indicated a more uniform distribution of individuals among the limited number of species present. The study highlights the ecological significance of diverse diurnal insect pollinators in mustard agro-ecosystems and supports the need for their conservation to sustain pollination services.
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Introduction 
Pollination is a critical ecosystem service that underpins agricultural productivity, crop quality and biodiversity conservation (FAO, 2013; Klein et al., 2007). Insect pollinators play a central role in the sexual reproduction of angiosperms and contribute to nearly one-third of global food production (Potts et al., 2010; Ollerton et al., 2011; Sahani et al., 2023). In oilseed crops, effective pollination is essential for improved seed set, uniform pod development and yield stability, with insects accounting for approximately 90 per cent of cross-pollination, predominantly by bees (Abrol, 2007; Jatav et al., 2023; Dey & Laskar, 2025).
Mustard (Brassica juncea (L.) Czern. & Coss.; Brassicaceae) is a major oilseed crop in India and is highly attractive to insect pollinators due to its rich pollen and nectar resources (Masierowska, 2003). Honey bees are recognized as the primary pollinators of Brassica crops; however, a diverse assemblage of other diurnal insects also contributes significantly to pollination services (Atmowidi et al., 2007; Shakeel et al., 2019). Mustard is cultivated in India over approximately 91.83 lakh hectares, with Gujarat leading the country in productivity, highlighting the crop’s economic importance and dependence on efficient pollination (Anon., 2024).
Pollinator diversity enhances ecosystem resilience and ensures stable pollination under varying environmental conditions. Insufficient or simplified pollinator communities can reduce seed set and yield in mustard (Free, 1999; Katumo et al., 2022). Despite its importance, region-specific information on the diversity of diurnal insect pollinators associated with mustard remains limited. Therefore, the present study documents the diversity and composition of diurnal insect pollinators in mustard agro-ecosystems to strengthen understanding of their ecological role and support sustainable pollination management.
Material and Method 
Study Area
The study was carried out in the different two regions of Gujarat i.e., North Gujarat and South Gujarat during October 2023 to January 2026. North Gujarat is situated in the northern part of Gujarat state in the semi-arid region on the inland part and South Gujarat is situated in the south part of the Gujarat state in the coastal low land on the western part. 
The total geographic area of North Gujarat is about 22,500 km². North Gujarat with coordinates: 23° 00′ N to 24° 30′ N (North latitude) and 71° 00′ E to 73° 30′ E (East longitude). It is a semi-arid region bounded by Rajasthan in the North-East, Middle Gujarat in the South, Kachchh and Saurashtra in the West. The total geographic area of South Gujarat is 17,500 km2. South Gujarat with coordinates: 21° 1702′ N to 21° 4766′ N (North latitude) and 72° 8013’E to 72° 8854’E (East longitude). It has a coastal line open to the Arabian Sea from West and is bounded by Middle Gujarat on the North and Maharashtra on Southern as well as Eastern parts.
Sampling, Collection and Preservation
Field data were collected through regular frequent visits to the study sites, from October 2023 to January 2026. All observations were done on a sunny day between dawn and dusk periods throughout the entire flowering period from the study sites. Whenever bee species and various pollinators observed on flowers were caught by an insect sweep net attached to a ring with a handle of 1.00 m in length with a loop diameter of 0.3 m prepared from the soft nylon net with one meter depth. Insect visitors were collected for identification and further study. Various pollinators on mustard collected by aerial netting method were killed (need-based) with the help of a cyanide-killing bottle. The smaller insects were immediately transformed into absolute alcohol for their better preservation, whereas larger insect specimens were pinned and dried for their preservation. The geographic location, time and date of collection were documented for each specimen. 
Specimens were kept separately in glass vials after killing in the killing jar, it was valuable to take photographs of the adults after the spreading and mounting of different pollinators. Once the pollinators were set, they were transfer to an insect specimen box supplied with foam plates for pinning and naphthalene balls to enable long storage without pest damage and finally kept in the insect cabinet. Specimens of pollinators were kept in the laboratory for identification. Naphthalene balls were used to protect the specimens from ants, mites and other pests.
Verification of Pollinators
[bookmark: _GoBack]In the present study, observations were confined to diurnal insect visitors belonging to the orders Hymenoptera, Lepidoptera, Diptera, Coleoptera, and Hemiptera associated with the mustard crop, in order to assess their abundance and diversity. Field observations were conducted during the peak activity period of insect visitors, which predominantly occurred during the middle hours of the day. During this period, insects actively foraging on mustard flowers were carefully collected and examined to determine their potential role as pollinators.
The collected insects were inspected for the presence of pollen grains adhered to various body parts, including the legs, antennae, mouthparts, wings, and abdominal tip, as these structures commonly facilitate pollen transfer between flowers. For this purpose, the insects were examined using a 10× magnifying lens to detect visible pollen loads on their bodies. After examination, the insects were released back into the same field from which they had been collected to minimise disturbance to the natural pollinator community.
To ensure reliable classification, a minimum of ten individuals from each insect species were examined for pollen presence. If ≥30 per cent of the observed individuals of a particular species carried an adequate pollen load on their bodies, that species was considered a potential pollinator, following the criteria outlined by Zinzuvadiya (2020). In addition to dominant pollinator species, less abundant insect visitors were also recorded throughout the study period. All insect visitors were identified at the species level, systematically recorded during field observations, and subsequently compiled to obtain the final dataset on pollinator diversity and abundance.
Methodology 
For diversity study, the diurnal insect visitors of order hymenoptera, lepidoptera, diptera, coleoptera, hemiptera, odonata and orthoptera on flowers from agricultural landscaping were observed during its peak activity period of the day (Mostly middle of the day) for its abundance and diversity study. Species wise insect pollinators from crop flowers were recorded.
Various insect pollinators were observed and collected from the mustard crop (Beginning from the flowering period) at an interval of five days and data were recorded in the datasheet. The population of diurnal foragers of mustard visited in large numbers at blooming were recorded for two minutes from the four-square feet area of randomly selected five spots in the bloomed crop. The observations were recorded from the commencement to end of flowering. The population per 100 square feet area was calculated The foragers with the smallest numbers (Dipteran, coleopteran, lepidopteran, hymenopteran, etc.) were recorded from 100 square feet cropped area. Shannon-Wiener species diversity index, Simpson’s species diversity index and Simpson’s evenness were worked out using standard statistical methods.
Relative Abundance of Insect Pollinators 
Relative species abundance is a component of biodiversity and refers to how common or rare species is relative to other species in a defined location or community (Hubbell, 2001). Relative abundance is the number of individuals of a given species of pollinators as a percentage of all of the individuals in the study area. The abundance of major insect visitors/pollinators in the mustard field was recorded during the flowering period. The species-wise counts of individual flower visiting insects were recorded for two minutes from each of four different spots through weekly visits to the study area of South and North Gujarat, from 2023-24 to 2024-25. The relative species abundance was calculated by using the following formula.  
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Where,
           Ni = Total numbers of individual pollinator’s species
NA = Total number of all pollinators
Species Diversity Index
Shannon-Wiener species diversity index
In order to study the proportion of each species within the pollinators’ community of the study area, the diversity index for insect pollinators was computed using Shannon- Wiener species diversity index formula (Shannon, 1948).	                                                   
	Species Diversity Index (H′)
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Where,
 pi - Proportion of ith species in the total sample
 pi - fi/n
 fi - Number of specimens of the ith species 
n - Total number of specimens in sample
k - Total number of species
1n - Natural logarithm (loge)
Simpson’s species diversity index
Simpson’s diversity index (D) is a simple mathematical measure that characterizes species diversity in a community. The proportion of species was relative to the total number of species (pi) will be calculated and squared. The squared proportion for all the species was summed up and the reciprocal was taken (Simpson, 1949).
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Where,
D - Diversity index
pi - Proportion of ith species in the total sample
Species Evenness
[bookmark: _Hlk148284377]Evenness compares the similarity of the population size of each of the species present in the study area. In order to estimate the equitability component of diversity; the species evenness of a community was calculated by Pielou's evenness index (Pielou, 1966).
	Pielou's evenness index (J')
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Where,
			H' - Number derived from the Shannon diversity index 
			H'max - Maximum possible value of H' 
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Where,
N - Total number of species
Simpson’s Evenness
For a given species richness (S), diversity (D) increases as equitability increases and for a given equitability D increases as richness increases. Equitability (ED) can be calculated by taking Simpson's diversity index (D) and expressing it as a proportion of the maximum value D could assume, if individuals in the community were completely evenly distributed (Dmax, which equals S as in a case where there was one individual per species). For calculating Simpson’s evenness, Simpson’s diversity index (D) was divided by Dmax. Equitability takes a value between 0 and 1, with 1 being complete evenness (Simpson, 1949).
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                                              Where,
ED - Simpson’s Evenness
D - Simpson’s diversity index
Dmax - Maximum possible value of D    
Berger-Parker Dominance Index
The Berger–Parker Dominance Index (DBP) was used to determine the dominance structure of insect pollinator communities in mustard fields. This index provides a simple measure of species dominance by focusing on the proportion of individuals belonging to the most abundant species in the community. The index was calculated using the formula:

Where,
𝑁max- Number of individuals in the most abundant species
N- Total number of individuals in the sample
The dominance index values range from 0 to 1, where higher values indicate greater dominance of a single species and lower values reflect a more even distribution of species within the community.
Pollinator insects were collected/recorded using quadrate observations, sweep netting and visual counts during peak flowering hours. Each species was identified up to the lowest possible taxonomic level and the abundance of each species was recorded. For each site and sampling period, the total number of individuals (N) and the maximum abundance of the dominant species (Nmax​) were determined.
Margalef’s Species Richness
Margalef’s Species Richness Index (d) was employed to evaluate the richness of insect pollinator communities associated with mustard crops. This index is widely used in ecological studies as it accounts for both the number of species present and the total number of individuals collected. The index was calculated using the following formula:


Where,
S - Total number of species recorded
N - Total number of individuals of all species in the sample
ln - Natural logarithm
Margalef’s index was then calculated separately for each location and sampling period to assess the comparative richness of pollinator communities. Higher values of the index indicated greater species richness, while lower values reflected reduced richness of pollinators in the mustard ecosystem.
Field observations of pollinators were conducted using standard entomological methods, including quadrate observations, sweep net collection and direct visual counts at peak flowering hours. All collected specimens were identified up to the lowest possible taxonomic level and their abundance was recorded. For each site and treatment, species richness (S) and total individuals (N) were computed.
Gini Coefficient (G)
The Gini Coefficient (G) was used to measure the inequality in the distribution of pollinator abundances across different species in mustard ecosystems. Originally developed for economic studies of income inequality, the Gini coefficient is widely adapted in ecological research to describe how evenly individuals are distributed among species in a community. The Gini coefficient was calculated using the formula:
G=
Where,
xi​ and xj - Abundance of species i and j 
n - Total number of species recorded
x̄- Mean abundance of all species
The Gini coefficient was derived from the Lorenz curve as the ratio of the area between the line of equality and the observed curve to the total area under the line of equality. The values of G range between 0 and 1, where 0 indicates perfect equality (all species equally abundant) and 1 indicates maximum inequality (a single species dominates the community).
Pollinator observations were made through quadrate sampling, sweep net collections and direct visual counts during peak foraging hours. The abundance of each pollinator species was recorded for every sampling location and period. The abundance data were then organized in ascending order and used to construct a Lorenz curve, where the cumulative proportion of species was plotted against the cumulative proportion of individuals.
Buzas and Gibson's Index 
The Buzas and Gibson’s Evenness Index (E) was employed to evaluate the evenness of pollinator distribution in mustard fields. This index is a modification of Shannon’s diversity index and provides an estimate of how equally individuals are distributed among the species in a community. The index was calculated using the formula:

Where,
H′- Shannon–Wiener diversity index
S - Total number of species recorded
e- Base of the natural logarithm (2.718)
Values of E range between 0 and 1, where numbers close to 1 indicate a highly even distribution of individuals among species, while values closer to 0 signify uneven distribution with dominance by a few species.
Results and Discussion 
The analysis of species diversity across different insect orders revealed considerable variation in richness, diversity, evenness and dominance indices (Table 1). A total of five orders were documented, among which hymenoptera emerged as the richest group with 16 species, followed by diptera (11 species) and lepidoptera (10 species). The lowest richness was recorded in hemiptera (4 species) and coleoptera (5 species). This pattern indicates that hymenoptera and diptera contribute substantially to overall pollinator richness, while hemiptera represents a comparatively minor component of the assemblage.
Diversity index
The Shannon diversity index (H′) revealed that hymenoptera (2.30) exhibited the highest diversity among all orders, followed closely by diptera (2.13) and lepidoptera (2.08), indicating well-balanced and heterogeneous communities within these groups. Hemiptera (1.28) showed a relatively lowest Shannon value despite fewer species, suggesting a less even distribution of species across individuals followed by coleoptera (1.56). 
Simpson’s diversity index followed a similar pattern, with maximum values recorded in hymenoptera (8.02), diptera (6.94) and lepidoptera (6.87), indicating low dominance and greater species heterogeneity within these groups. Coleoptera (4.52) and hemiptera (3.37) recorded comparatively lower Simpson’s diversity, reflecting more concentrated species compositions.
Similarly, Bhowmik et al. (2014) noted that Shannon-Weiner diversity index H’ was found to be of 1.49 for order hymenoptera, 1.40 for the species of order diptera and 1.22 for the species from order lepidoptera. Kumar et al. (2024) revealed that Shannon index of 1.38 and Simpson index of 0.72 in mustard from 896 individuals.  Priyadarshini et al. (2025) calculated that Shannon’s diversity index of insect pollinators of mustard crops was recorded as 2.77. Vanitha and Raviprasad (2019) reported a Shannon index of 2.3 in cashew plantations, corroborating the present findings of rich pollinator diversity in agricultural landscapes. The moderate Shannon and Simpson indices observed for hemiptera (H′ = 2.09; D = 3.37) and coleoptera (H′ = 2.81; D = 4.52) suggested fewer species but relatively stable populations consistent with observations by Bandyopadhyay and Chatterjee (2022) in West Bengal. Brien and Arathi, (2019) reported that diversity index values for bee genera: Shannon-Weiner Index, H = 1.81, and Simpson index, D = 4.22 in mustard. 
Evenness
The analysis of species evenness indices revealed variation in the distribution of pollinator species among different insect orders. Shannon’s evenness index was highest in Coleoptera (0.97), indicated a more uniform distribution of species within this order. Lepidoptera (0.90) and Hemiptera (0.92) also exhibited relatively higher species equitability. Moderate evenness values were observed in Diptera (0.89), while Hymenoptera (0.83) recorded comparatively lower Shannon’s evenness among the studied groups, indicating slight dominance of certain species despite higher species richness.
Simpson’s evenness values also showed variation among the insect orders. The highest Simpson’s evenness was recorded in Coleoptera (0.90), indicating a relatively balanced distribution of individuals among species. Hemiptera (0.84) and Lepidoptera (0.69) showed moderate levels of species equitability. Diptera (0.63) exhibited comparatively lower evenness, while the lowest Simpson’s evenness was observed in Hymenoptera (0.50), indicated the presence of dominant species within this order.
Overall, the results indicated that Coleoptera maintained the highest equitability in terms of both Shannon’s and Simpson’s evenness indices, whereas Hymenoptera showed comparatively lower evenness, likely due to the dominance of certain pollinator species despite its highest species richness. Diptera and Lepidoptera demonstrated moderate and relatively balanced species distribution, while Hemiptera exhibited intermediate levels of species equitability among the pollinator communities observed in the mustard ecosystem
These results are closely agreement with Priyadarshini et al. (2025) revealed species evenness index (0.94) with a great extent moving towards one indicated huge species inequatability within the insect pollinator’s community. Kumar et al. (2024) revealed the 0.711 evenness index recorded from 896 individuals. 




Table 1: Species richness, diversity indices and evenness of pollinators of different orders
	Sr. No.
	Order
	Species Richness (S)
	Diversity Index (H')

	Evenness (E)
	Berger-Parker Dominance Index
	Margalef Richness Index
	Buzas and Gibson's Index
	Gini Coefficient

	
	
	
	Shannon’s 
	Simpson’s 
	Shannon’s 
	Simpson’s 
	
	
	
	

	1.
	Hymenoptera
	16
	2.30
	8.02
	0.83
	0.50
	0.19
	1.58
	0.62
	0.02

	2.
	Diptera
	11
	2.13
	6.94
	0.89
	0.63
	0.22
	1.21
	0.77
	0.03

	3.
	Lepidoptera
	10
	2.08
	6.87
	0.90
	0.69
	0.20
	1.39
	0.80
	0.03

	4.
	Coleoptera
	05
	1.56
	4.52
	0.97
	0.90
	0.33
	0.84
	0.95
	0.10

	5.
	Hemiptera
	04
	1.28
	3.37
	0.92
	0.84
	0.39
	0.62
	0.90
	0.13





Berger–Parker dominance, Margalef richness and Buzas and Gibson's Index
The Berger–Parker dominance index was lowest in hymenoptera (0.19) and lepidoptera (0.20), indicated a well-distributed community without any single species dominating. Diptera (0.22) also showed low dominance. Higher dominance values in coleoptera (0.33) and hemiptera (0.39) reflected reduced species balance and a greater influence of dominant species within these orders.
The Margalef index indicated that hymenoptera (1.58) had the highest species richness when standardized for sample size, followed by diptera (1.21) and lepidoptera (1.39). Coleoptera (0.84) and hemiptera (0.62) showed comparatively lower richness, consistent with their smaller species pools.
Buzas and Gibson’s evenness index values were highest in lepidoptera (0.80) and diptera (0.77), indicating more uniform species distribution. Hymenoptera (0.62) recorded moderate evenness, suggesting moderate equitability. Coleoptera (0.95) showed high equitability despite fewer species, while hemiptera (0.90) also exhibited near-uniform species distribution. These are indices new pave for future research should focus on using the Berger–Parker dominance, Margalef richness and Buzas and Gibson’s evenness indices to assess pollinator community structure across different crops and landscapes. Temporal studies are needed to reveal how these indices fluctuate with seasons, climate, and agricultural practices. Integrating these indices with functional and ecological data will enhance our understanding of pollinator diversity and ecosystem stability. This result is most related with Bandyopadhyay and Chatterjee (2022) reported that Margalef’s species richness index and Berger-Parker Dominance Index were 2.00 and 0.21, respectively were observed of insect pollinators of mustard.  
Gini coefficient
The Gini coefficient, which measures the degree of inequality in species abundance, also varied among the different insect orders. The highest Gini coefficient was recorded in Hemiptera (0.13), indicating relatively greater inequality in the distribution of individuals among species within this order. Coleoptera (0.10) showed moderate inequality in species abundance. Comparatively lower Gini coefficient values were observed in Diptera (0.03) and Lepidoptera (0.03), suggesting a more balanced distribution of individuals among species. The lowest Gini coefficient was recorded in Hymenoptera (0.02), indicating the most uniform distribution of individuals among species within this order. This result is most related with Bandyopadhyay and Chatterjee (2022) reported that Gini coefficient value (0.55) was observed of insect pollinators of mustard.  
Conclusion 
Hymenoptera emerged as the most diverse and species-rich group, recording the highest species richness along with relatively high Shannon and Simpson diversity indices. Despite slightly lower evenness values compared to some other orders, the very low Gini coefficient indicated a comparatively uniform distribution of individuals among species within this group. Diptera and Lepidoptera also exhibited considerable diversity with moderate to high evenness, reflecting a fairly balanced representation of species within these orders. Coleoptera and Hemiptera, although comparatively species-poor, demonstrated relatively higher evenness values, indicating a more uniform distribution of individuals among the limited number of species present. However, these groups showed comparatively higher Gini coefficient values, suggesting a greater degree of inequality in species abundance compared to the other insect orders.
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