


Assessing Seasonal Occurrence of Odonates in the Joysagar Area, Sivasagar District, Assam, India

ABSTRACT
The present paper deals with the study of seasonal occurrences of Odonate species in the Joysagar area, Sivasagar district, Assam, India. The study was conducted from June, 2023 to May, 2025. Three sites were selected from the study area. A total of 26 species of Odonates i.e., 14 species of dragonflies (Suborder-Anisoptera) and 12 species of damselflies (Suborder- Zygoptera) belonging to the Families Libellulidae, Coenagrionidae and Platycnemididae were recorded from the three study sites during the study period i.e., from June, 2023 to May, 2024 and June, 2024 to May, 2025, where the highest number of Odonate species and individuals were recorded from monsoon. Orthetrum sabina and Ceriagrion cerinorubellum were found to be the most abundant species in the study area during both the two years of study period. The current study also reveals that the Sørensen Similarity Coefficient was 0.844444444, 0.936170213 and 0.769231 for Site 1, Site 2 and Site 3 between the study periods June, 2023 to May, 2024 and June, 2024 to May, 2025 respectively. Statistical analysis indicated a moderate positive correlation between average seasonal temperature and Odonate abundance in all of the three study sites.
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1. INTRODUCTION
The order Odonata belongs to one of the oldest animals on earth. About 5740 species/subspecies of Odonates were reported to belong to 654 genera under 32 families worldwide (Subramanian, 2009; and Narender et al., 2016) out of which, India consists of 493 Odonate species represented under154 genera and 18 families (Subramanian & Babu, 2019). Odonata consists of 3 suborders- Anisoptera (dragonflies), Zygoptera (damselflies) and Anisozygoptera (Fraser, 1933). Odonates lead an amphibious life having aquatic egg and nymphal stages, while adults being terrestrial (Misof et al., 2014). Dragonflies are generally larger and alight with wings held in horizontal plane at rest whereas the damselflies are smaller and slender bodied with their wings held over the abdomen (Bybee et al., 2016). Abundance and diversity of Odonates provides useful measures of habitat quality in both the aquatic and terrestrial environments and that is why Odonates are considered as an important component of freshwater ecosystems as well as good indicator of ecosystem health (Clark & Samways, 1996). Additionally, Odonates’ larva and adults serve as a natural bio-controlling agent by controlling pest populations (Khalia, 2009). 
Joysagar area is home to a rich diversity of flora and fauna which include Odonate species too. These Odonates thrive in this area’s ponds, vegetation, river etc. thereby contributing to the local biodiversity. However, works on Odonates in Joysagar area is still lacking. So, an effort has been made in the current paper to assess the Odonate occurrences in the Joysagar area, Sivasagar, Assam, India. Therefore, present study was carried out on Odonates of the Joysagar area with the following objectives:
· To prepare a checklist of Odonate species present in the Joysagar area, Sivasagar district, Assam, India.
· To record the occurrence of Odonate species during different seasons in the Joysagar area, Sivasagar district, Assam, India.
· To calculate the relative abundance of individual Odonate species in the Joysagar area, Sivasagar district, Assam, India.
· To calculate the Sørensen Similarity Coefficient to analyze the similarities in species composition in each sites of Joysagar area between the years June, 2023 to May, 2024 and June, 2024 to May, 2025.
· To study the correlation between average seasonal temperatures and Odonate abundance in each sites of Joysagar area during the study period.

2. MATERIAL AND METHODS
2.1 Study area
The present study was conducted to assess the seasonal occurrence of Odonates in the Joysagar area, Sivasagar district, Assam, India. The study was conducted for two consecutive years at a monthly interval from June, 2023 to May, 2025 at different sites of Joysagar area. Joysagar is a historical area in Sivasagar district, Assam, India centered on the Joysagar Tank. It is located at 26.58˚N and 94.41˚E. The area supports varied flora and fauna. Three sites were selected for the study, namely:
(a) Site 1 – Sibsagar University campus
(b) Site 2 – Banks of Joysagar Tank
(c) Site 3 – Area containing man-made buildings adjacent to Site 1 and Site 2 
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          Figure 1: Map showing the study area- Joysagar, Sivasagar, Assam, India (Neog, 2016) 
2.2 Field method and data collection
Observations were made in a monthly interval randomly, usually on days with favourable weather conditions in all the seasons namely, monsoon, post-monsoon, winter and pre-monsoon between 10 a.m to 4 p.m. The data of the study was assessed using Visual Encounter Surveys, a standard method for Odonates’ sampling (Olambe et al., 2025) while walking through each sites. 50 minutes to 1 hour halt were made for the data collection, i.e., detection of Odonates visually and recording observations, at each site, where the data was chosen at random. Every observation was noted in the field book. In addition, the species that were difficult to identify in any of the sites on detection were collected by direct handpicking method (Subramanian, 2005) and transferred to plastic bottle with holes on the bottle cap to provide enough oxygen to the collected species. Odonates are delicate insect and it is difficult to collect so, in handpicking method, the Odonates were collected by holding the tough wings between the forefinger and middle finger (Subramanian, 2005) and were immediately placed inside the plastic bottles. It was also made sure that wings were not held too tightly, because when the Odonates exert force to rescue themselves from the holding of researcher, the wings of the Odonates might tear up. The plastic bottles with captured species were brought to the zoology lab of the Sibsagar University for further identification. Once identified, the captured species were then freed back from where they were originally captured in order to conserve biodiversity. Therefore, in the present study, no specimen was killed or preserved. Additionally, temperature was also recorded on every sampling day throughout the study period.
2.2.1 Study period: 
The study was carried out for a period of two years from June, 2023 to May, 2025. The study period was divided into seasons following Borthakur, 1986; and Thakuria & Kalita, 2021 as follows:
List 1 : Study period
	Season
	Month of the year

	Monsoon
	June-September

	Post-monsoon
	October-November

	Winter
	December-February

	Pre-monsoon
	March-May




2.3 Identification of species
The photographed species were identified by observing wing venation and colour pattern described in field identification keys and standard taxonomic literature by Imms (1925) and Subramanian & Babu (2019). Websites such as Indian Biodiversity Portal, Odonata of India, ResearchGate etc. were accessed whenever it was required.
2.4 Statistical analysis
The data collected was analyzed statistically to calculate the Sørensen Similarity Coefficient, relative abundance of each individual Odonate species and correlation coefficient (r) in MS Excel.
2.4.1 Sørensen Similarity Coefficient (S)
		   Sørensen Similarity Coefficient (S) (Sorensen, 1948) measures the similarity between any two samples based on the number of species in common for spatial comparisons (different habitats) and temporal comparisons (same habitat over time). It was used to quantify similarities in species composition in each site of study area between the year June, 2023 to May, 2024 and June, 2024 to May, 2025. It is calculated as     

	where, S = Sørensen Similarity Coefficient
	            C= No. of species common to both samples
                  A= Total no. of species in sample A (study year: June, 2023 to May, 2024)
                  B= Total no. of species in sample B (study year: June, 2024 to May, 2025)
	 A value of 1 means the species composition is identical in both years. A value of 0 means the site shares no species between the two years (Joshi et al., 2024). 
2.4.2 Relative abundance (%)
		The relative abundance is the proportional representation of a species in a sample. Relative abundance of each species was determined using the following formula:
 RA of a species (%) =  × 100 
          where, n = Number of individuals of the same species
                      N = Total number of individuals of all species
3. RESULTS 
      Table 1: Checklist of Odonate species recorded in the study area from June, 2023 to May, 2025 
	Sl. No.
	Suborder
	Family
	Scientific name
	Common name

	1
	Anisoptera
	Libellulidae
	Brachythemis contaminata 
	Ditch Jewel

	2
	
	
	Acisoma panorpoides 
	Trumpet Tail

	3
	
	
	Brachydiplax chalybea 
	Rufous-backed Marsh Hawk

	4
	
	
	Hydrobasileus croceus 
	Amber-winged Marsh Glider

	5
	
	
	Diplacodes trivialis 
	Ground Skimmer

	6
	
	
	Neurothemis intermedia 
	Ruddy Meadow Skimmer

	7
	
	
	Neurothemis fulvia 
	Fulvous Forest Skimmer

	8
	
	
	Aethriamanta brevipennis 
	Scarlet Marsh Hawk

	9
	
	
	Potamarcha congener 
	Yellow-tailed Ashy Skimmer

	10
	
	
	Orthetrum sabina 
	Green Marsh Hawk

	11
	
	
	Brachdiplax sobrina 
	Little Blue Marsh Hawk

	12
	
	
	Pantala flavescens 
	Wandering Glider

	13
	
	
	Rhyothemis variegata  
	Common Picture Wing

	14
	
	
	Crocothemis servilia
	Scarlet Skimmer

	15
	Zygoptera
	Platyc-nemididae
	Onychargia atrocyana
	Black Marsh Dart

	16
	
	Coenagrionidae
	Agriocnemis kalinga 
	Indian Hooded Dartlet

	17
	
	
	Agriocnemis pieris 
	White Dartlet

	18
	
	
	Agriocnemis pygmaea 
	Pygmy Dartlet

	19
	
	
	Agriocnemis lacteola 
	Milky Dartlet

	20
	
	
	Agriocnemis femina 
	Pruinosed Dartlet

	21
	
	
	Ischnura rubilio
	Western Golden Dartlet

	22
	
	
	Pseudagrion microcephalum 
	Blue Grass Dart

	23
	
	
	Aciagrion occidentale 
	Green-striped Slender Dartlet

	24
	
	
	Ceriagrion coromandelianum 
	Coromandel Marsh Dart

	25
	
	
	Ceriagrion olivaceum 
	Rusty Marsh Dart

	26
	
	
	Ceriagrion cerinorubellum 
	Orange-tailed Marsh Dart



The present study reported a total of 26 species of Odonates from the three study sites namely, Site 1 (Sibsagar University Campus), Site 2 (Banks of Joysagar Tank) and Site 3 (Area containing man-made buildings adjacent to Site 1 and Site 2) of the study area i.e., Joysagar area during the study period from June, 2023 to May, 2025. 14 species of dragonflies (Suborder-Anisoptera) under the Family Libellulidae from 12 genera, and 12 species of damselflies (Suborder-Zygoptera) under two Families namely, Coenagrionidae and Platycnemididae from 6 genera were observed during the study period. In Zygoptera, Family Coenagrionidae was represented with 5 genera and 11 species, followed by the Family Platycnemididae with 1 genus and 1 species (Table 1).
Table 2:  Relative abundance of Odonate species observed in the three study sites during the year 
                June, 2023 to May, 2024         
	Sl. No.
	Sub-Order
	Name of Species
	Occurrence of total individuals in all the seasons in the study sites
	Total number
	Relative abundance (%)

	
	
	
	Site 1
	Site 2
	Site 3
	
	

	1
	Anisoptera
	Brachythemis contaminata 
	+
	+
	+
	19
	4.822335

	2
	
	Acisoma panorpoides 
	+
	+
	+
	8
	2.030457

	3
	
	Brachydiplax chalybea 
	+
	+
	-
	16
	4.060914

	4
	
	Diplacodes trivialis 
	+
	+
	+
	19
	4.822335

	5
	
	Neurothemis intermedia 
	+
	+
	+
	10
	2.538071

	6
	
	Neurothemis fulvia 
	+
	+
	+
	26
	6.598985

	7
	
	Aethriamanta brevipennis 
	+
	+
	+
	11
	2.791878

	8
	
	Potamarcha congener 
	+
	+
	-
	10
	2.538071

	9
	
	Orthetrum sabina 
	+
	+
	+
	26
	6.598985

	10
	
	Brachdiplax sobrina
	+
	+
	+
	10
	2.538071

	11
	
	Pantala flavescens 
	+
	+
	-
	7
	1.77665

	12
	
	Rhyothemis variegata  
	+
	+
	+
	25
	6.345178

	13
	Zygoptera
	Onychargia atrocyana
	+
	+
	+
	6
	1.522843

	14
	
	Agriocnemis kalinga 
	+
	+
	+
	19
	4.822335

	15
	
	Agriocnemis pieris 
	+
	+
	-
	13
	3.299492

	16
	
	Agriocnemis pygmaea 
	+
	+
	+
	14
	3.553299

	17
	
	Agriocnemis lacteola 
	+
	+
	+
	27
	6.852792

	18
	
	Agriocnemis femina 
	+
	+
	+
	17
	4.314721

	19
	
	Ischnura rubilio
	-
	+
	+
	12
	3.045685

	20
	
	Pseudagrion microcephalum
	+
	+
	-
	14
	3.553299

	21
	
	Aciagrion occidentale 
	-
	-
	+
	2
	0.507614

	22
	
	Ceriagrion coromandelianum 
	+
	+
	+
	24
	6.091371

	23
	
	Ceriagrion olivaceum 
	+
	+
	-
	15
	3.807107

	24
	
	Ceriagrion cerinorubellum 
	+
	+
	+
	44
	11.16751

	
	
	Total 
	133
	172
	89
	394
	100

	
	
	Total no. of species
	22
	23
	18
	
	


          *+ means present and – means absent
During the study period from June, 2023 to May, 2024, a total of 394 individuals of Odonates were recorded from 24 species belonging to the Families Libellulidae, Coenagrionidae and Platycnemididae during all the seasons from the three study sites of the study area. Site 1, Site 2 and Site 3 comprised a total of 133, 172 and 89 individuals from 22, 23 and 18 Odonate species respectively. Among the dragonflies, Neurothemis fulvia and Orthetrum sabina were the most abundant species whereas among the damselflies, Ceriagrion cerinorubellum was the most abundant species recorded from the study area during the study period June, 2023 to May, 2024 (Table 2).
Table 3: Relative abundance of Odonate species observed in the three study sites during the year   
              June, 2024 to May, 2025
	Sl. No.
	Sub-Order
	Name of Species
	Occurrence of total individuals in all the seasons in the study sites
	Total number
	Relative abundance (%)

	
	
	
	Site 1
	Site 2
	Site 3
	
	

	1
	Anisoptera
	Brachythemis contaminata 
	+
	+
	+
	20
	4.464286

	2
	
	Acisoma panorpoides 
	+
	+
	+
	17
	3.794643

	3
	
	Brachydiplax chalybea 
	-
	+
	+
	13
	2.901786

	4
	
	Hydrobasileus croceus 
	+
	-
	+
	5
	1.116071

	5
	
	Diplacodes trivialis 
	+
	+
	+
	19
	4.241071

	6
	
	Neurothemis intermedia 
	+
	+
	+
	19
	4.241071

	7
	
	Neurothemis fulvia 
	+
	+
	+
	28
	6.25

	8
	
	Aethriamanta brevipennis 
	-
	+
	-
	5
	1.116071

	9
	
	Potamarcha congener
	+
	+
	-
	8
	1.785714

	10
	
	Orthetrum sabina 
	+
	+
	+
	30
	6.696429

	11
	
	Brachdiplax sobrina
	+
	-
	-
	3
	0.669643

	12
	
	Pantala flavescens 
	+
	+
	+
	12
	2.678571

	13
	
	Rhyothemis variegata  
	+
	+
	+
	27
	6.026786

	14
	
	Crocothemis servilia
	+
	+
	-
	7
	1.5625

	15
	Zygoptera
	Onychargia atrocyana
	+
	+
	+
	15
	3.348214

	16
	
	Agriocnemis kalinga 
	-
	+
	+
	13
	2.901786

	17
	
	Agriocnemis pieris 
	+
	+
	+
	20
	4.464286

	18
	
	Agriocnemis pygmaea 
	+
	+
	+
	19
	4.241071

	19
	
	Agriocnemis lacteola 
	+
	+
	+
	24
	5.357143

	20
	
	Agriocnemis femina 
	+
	+
	-
	10
	2.232143

	21
	
	Ischnura rubilio
	+
	+
	+
	14
	3.125

	22
	
	Pseudagrion microcephalum 
	+
	+
	+
	13
	2.901786

	23
	
	Aciagrion occidentale 
	+
	+
	+
	9
	2.008929

	24
	
	Ceriagrion coromandelianum 
	+
	+
	+
	24
	5.357143

	25
	
	Ceriagrion olivaceum 
	+
	+
	+
	27
	6.026786

	26
	
	Ceriagrion cerinorubellum 
	+
	+
	+
	47
	10.49107

	
	
	Total 
	151
	189
	108
	448
	100

	
	
	Total no. of species
	23
	24
	21
	
	


        *+ means present and – means absent
During the study period from June, 2024 to May, 2025, a total of 448 individuals of Odonates were recorded from 26 species belonging to the Families Libellulidae, Coenagrionidae and Platycnemididae during all the seasons from the three study sites of the study area. Site 1, Site 2 and Site 3 comprised a total of 151, 189 and 108 individuals from 23, 24 and 21 Odonate species respectively. Among the dragonflies, Orthetrum sabina was the most abundant species whereas among the damselflies, Ceriagrion cerinorubellum was the most abundant species recorded from the study area during the study period June, 2024 to May, 2025 (Table 3).
Table 4: Occurrence of Odonates in all the seasons during the study period 
	Sl. No.
	Name of Species
	Time period
(June, 2023 to May, 2024)
	Time period
(June, 2024 to May, 2025)

	
	
	Sites
	Sites

	
	
	Site 1
	Site 2
	Site 3
	Site 1
	Site 2
	Site 3

	1
	Brachythemis contaminata 
	A,B,C
	A,B,C
	A,C
	A,B,C
	A,B,C
	A,C,D

	2
	Acisoma panorpoides 
	B
	A,B
	A,B
	A,C
	A,B,C,D
	A,B

	3
	Brachydiplax chalybea 
	A,B,C
	A,B,C
	
	
	A,B,C
	A,B

	4
	Hydrobasileus croceus 
	
	
	
	A,B,C
	
	A,B

	5
	Diplacodes trivialis 
	A,C,D
	A,B,C
	A,B
	A,C
	A,B,C
	A,B,C,D

	6
	Neurothemis intermedia 
	A,B
	A,D
	A,B
	A,B,C,D
	A,B,C,D
	A,C

	7
	Neurothemis fulvia 
	A,B,C,D
	A,B,C
	A,B,C,D
	A,C,D
	A,B,C
	A,B,C,D

	8
	Aethriamanta brevipennis 
	A
	A,B,C
	A,B
	
	A,B,C
	

	9
	Potamarcha congener 
	A,B,C
	A,B,C
	
	A,B,C
	A,B
	

	10
	Orthetrum sabina 
	A,B,C,D
	A,B,C,D
	A,C,D
	A,B,C
	A,B,C,D
	A,B,C,D

	11
	Brachdiplax sobrina
	A,C
	A,B
	A
	A,B
	
	

	12
	Pantala flavescens 
	A,B
	A,C,D
	
	A,B
	A,B
	A,B,C

	13
	Rhyothemis variegata  
	A,B,C,D
	A,B,C
	A,B,C,D
	A,B,D
	A,B,C,D
	A,B,C

	14
	Crocothemis servilia
	
	
	
	A,B
	A,B
	

	15
	Onychargia atrocyana
	A,B
	A
	A,B
	A,B,C
	A,B,D
	A,B

	16
	Agriocnemis kalinga 
	A,B,C
	A,B,C
	A
	
	A,B,C
	A,B

	17
	Agriocnemis pieris 
	A,B,C
	A,B,C
	
	A,B,C
	A,B,C
	A,B,C

	18
	Agriocnemis pygmaea 
	A,C
	A,B,C
	A,B,C
	A,B,C,D
	A,B,C
	A,B,C

	19
	Agriocnemis lacteola 
	A,B,C
	A,B,C,D
	A,B,C
	A,B,C,D
	A,B,C,D
	A,B,C

	20
	Agriocnemis femina 
	A,D
	A,C,D
	A,B,C
	A,B,C,D
	A,B
	

	21
	Ischnura rubilio
	
	A,B,C
	A,B
	A,C
	A,B,C,D
	A,C

	22
	Pseudagrion microcephalum 
	B,C,D
	A,B
	
	B
	A,C
	A,B,C

	23
	Aciagrion occidentale 
	
	
	A,B
	A,B,C
	A,B,C
	A,B

	24
	Ceriagrion coromandelianum 
	A,B,C
	A,B,C,D
	A,C,D
	A,B,C,D
	A,C,D
	A,C

	25
	Ceriagrion olivaceum 
	A,B,C
	A,B,C,D
	
	A,B,C
	A,C,D
	A,B,C,D

	26
	Ceriagrion cerinorubellum
	A,B,C,D
	A,B,C,D
	A,B,C,D
	A,B,C,D
	A,B,C,D
	A,B,C,D

	
	Total
	133
	172
	89
	151
	189
	108


* A= Monsoon (June - September), B= Post-monsoon (October-November), C= Winter (December-February),    D= Pre-monsoon (March - May)
During the study period, June, 2023 to May, 2024, Hydrobasileus croceus, Crocothemis servilia, Aciagrion occidentale and Ischnura rubilio were not found during any of the four seasons in Site 1 of the study area. Hydrobasileus croceus, Crocothemis servilia and Aciagrion occidentale were not found during any of the four seasons in Site 2 of the study area. Potamarcha congener, Pantala flavescens, Brachydiplax chalybea, Hydrobasileus croceus, Crocothemis servilia, Agriocnemis pieris, Pseudagrion microcephalum and Ceriagrion olivaceum were not found during any of the four seasons in Site 3 of the study area (Table 4).
During the study period, June, 2024 to May, 2025, Brachydiplax chalybea, Aethriamanta brevipennis and Agriocnemis kalinga were not found during any of the four seasons in Site 1 of the study area. Hydrobasileus croceus and Brachdiplax sobrina were not found during any of the four seasons in Site 2 of the study area. Aethriamanta brevipennis, Potamarcha congener, Brachdiplax sobrina, Crocothemis servilia and Agriocnemis femina were not found during any of the four seasons in Site 3 of the study area (Table 4).
4. DISCUSSION
During the current study, a total of 26 species of Odonates were recorded from the three study sites namely, Site 1 (Sibsagar University Campus), Site 2 (Banks of Joysagar Tank) and Site 3 (Area containing man-made buildings adjacent to Site 1 and Site 2) in the study area during the study period June, 2023 to May, 2025  where a total of 14 species of dragonflies under the Family Libellulidae and 12 species of damselflies under two Families namely, Coenagrionidae and Platycnemididae were recorded (Table 1). Bora (2019) studied Odonate (dragonflies and damselflies) diversity as a marker of water quality in Sivasagar district, Assam, India and recorded a total of 34 species belonging to four Families namely, Libellulidae, Coenagrionidae, Gomphidae and Calopterygidae. In India, Families like Libellulidae, Coenagrionidae and Platycnemididae are represented by 88 species under 39 genera, 62 species under 14 genera and 49 species under 12 genera respectively (Subramanian, 2014). According to Dijkstra & Lempert (2003), Family Libellulidae is represented by 1,037 species under 142 genera; Family Coenagrionidae is represented by 1,267 species under 114 genera and Family Platycnemididae is represented by 404 species under 40 genera globally. In the current study, Family Libellulidae was dominant as it was the only Family under Anisoptera found in the three study sites of the study area during the study period June, 2023 to May, 2025 (Table 1). This might be due to their tolerance to a wide range of habitats and high dispersal ability (Clark & Samways, 1996; and Williams, 1997). In case of damselflies (Suborder – Zygoptera), the Family Coenagrionidae exhibited dominance with 11 species followed by family Platycnemididae with 1 species (Table 1). Clark & Samways (1996) stated that Coenagrionidae is dominant because of their short period of life cycle and tolerance to a wide range of habitats.
Seasonality, rainfall and temperature play a vital role in the occurrence of Odonates. Depending upon the seasons, Odonate species varies which were observed in the current study. The climate of Assam is divided into four seasons: pre-monsoon (March-May), monsoon (June-September), post-monsoon (October-November) and winter (December-February) (Borthakur, 1986; and Thakuria & Kalita, 2021).       

Figure 2: No. of Odonate individuals occurred during all the seasons during June, 2023 to May, 
                2024
During the study period from June, 2023 to May, 2024, a total of 394 individuals of Odonates were recorded from 24 species belonging to the Families Libellulidae, Coenagrionidae and Platycnemididae during all the seasons from the three study sites of the study area. Site 1, Site 2 and Site 3 comprised a total of 133, 172 and 89 individuals from 22, 23 and 18 Odonate species respectively. During monsoon, post-monsoon, winter and pre-monsoon 20 species and 68 individuals, 17 species and 34 individuals, 16 species and 23 individuals, and 7 species and 8 individuals were recorded from Site 1 respectively; 23 species and 85 individuals, 19 species and 44 individuals, 18 species and 31 individuals, and 8 species and 12 individuals were recorded from Site 2 respectively; 18 species and 50 individuals,  13 species and 17 individuals, 9 species and 15 individuals, and 5 species and 7 individuals  were recorded from Site 3 respectively (Figure 2). 

     Figure 3: No. of Odonate individuals occurred during all the seasons during June, 2024 to May, 
                    2025
During the study period from June, 2024 to May, 2025, a total of 488 individuals of Odonates were recorded from 26 species belonging to the Families Libellulidae, Coenagrionidae and Platycnemididae during all the seasons from the three study sites of the study area. Site 1, Site 2 and Site 3 comprised a total of 151, 189 and 108 individuals from 23, 24 and 21 Odonate species respectively. During monsoon, post-monsoon, winter and pre-monsoon 22  species and 74 individuals, 19 species and 40 individuals, 18 species and 27 individuals, and 8 species and 10 individuals were recorded from Site 1 respectively; 24 species and 92 individuals, 21 species and 44 individuals, 19 species and 41 individuals, and 10 species and 12 individuals were recorded from Site 2 respectively; 21 species and 56 individuals, 17 species and 25 individuals, 15 species and 20 individuals, and 6 species and 7 individuals  were recorded from Site 3 respectively (Figure 3). 
Among the dragonflies, Neurothemis fulvia and Orthetrum sabina were the most abundant species whereas among the damselflies, Ceriagrion cerinorubellum was the most abundant species recorded from the study area during the study period June, 2023 to May, 2024 (Table 2). Conversely, during the study period June, 2024 to May, 2025, among the dragonflies, Orthetrum sabina was the most abundant species whereas among the damselflies, Ceriagrion cerinorubellum was the most abundant species being recorded from the study area (Table 3). In the current study, the abundance of Odonate species showed significant variability as some species were represented by large number of individuals, while others were represented by very few individuals (Ganeswari & Rajendran, 2025). 
During the study period of two years i.e., from June, 2023 to May, 2024 and June, 2024 to May, 2025, the highest number of Odonate species and individuals were recorded from monsoon followed by post-monsoon, winter and pre-monsoon in all the three study sites of the study area in each year of the current study. This observation is in accordance with the patterns of reproduction of most Odonate species in India, as Odonates mainly emerge and reproduce during the monsoon season (Subramanian, 2005). 
This study revealed that occurrence of Odonate species gradually decreased from the winter and mostly reduced during pre-monsoon where temperature becomes hostile for Odonates. Occurrence of Odonates decreased gradually during the winter because winter bore foggy early morning and even if sunlight starts to break the fog as daytime approaches, but the temperature was still not ambient for Odonates’ movement. Clark & Samways (1996) stated that dragonflies are mostly active during sunny days with moderate warmth. Additionally, winter also bore constant heavy winds, which was not suitable for Odonates to fly and to remain active. Furthermore, dragonflies being a strong flier also cannot control their body movement in constant heavy winds. Damselflies are weak fliers as compared to dragonfly. So, they too did not appear during constant heavy winds. Furthermore, Dutta & Saha (2015) stated that Odonates are cold blooded and undergo hibernation, so, during the current study, many of them did not came out and thus were not seen during winter. During the pre-monsoon, there was low rainfall and high temperature which had a bad impact on the occurrence of Odonates. Odonates possess amphibious life cycle i.e., having aquatic egg and nymphal stages, while adults being terrestrial (Misof et al., 2014). So, in pre-monsoon, the amount of water in the water body, i.e., Joysagar Tank in the study area slightly decreases which might not serve as an effective time for mating and egg hatching of Odonates as well as growth of various kinds of aquatic plants on which prey of Odonates reside, and eventually resulting in low survivability of nymphs and subsequent development to adults. Conversely, during the monsoon, there was ambient rainfall and moderate temperature which promoted the growth of various aquatic plants at the bank of Joysagar Tank for oviposition by mature Odonates as well as survival and growth of Odonate nymphs by feeding on prey residing in aquatic plants and subsequent development of nymphs to adults followed by aerial mode of life and therefore, spreading to the adjacent sites of the study area. Odonata rarely fly further away from a water system than 200m (Bried & Ervin, 2006; Ward & Mill, 2007b; and Peeters et al., 2025). Additionally, post-monsoon also provided moderate light and temperature which was quite favourable to Odonates. Overall, pre-monsoon had high temperature and low rainfall which had negative impact on occurrence of Odonates whereas monsoon not only laid the foundation for growth and development of Odonate nymphs to adults but also aided its large occurrence in the study sites of the study area during the two consecutive years of the present study. This observation is similar to the findings related to seasonal variation as described in other investigations (Aghade & Saraf, 2023; Olambe et al., 2025; and Ganeswari & Rajendran, 2025).
Maximum number of Odonate species and individuals were recorded from Site 2 (Banks of Joysagar Tank) in both the study years. Odonates are highly dependent on water for food source, mating, egg laying etc. Site 2 provides favourable environment containing aquatic plants where small prey of Odonates resides. Additionally, it provides resting perches for adult Odonates and also facilitates mating and subsequent oviposition. Adult Odonata are mostly found in the surroundings adjacent to water bodies (Peeters et al., 2025) engaging in frequent flights to find food, mates, resting sites or to avoid predators (Wootton, 2020; Minot et al., 2021; and Peeters et al., 2025). 
The current study reported that the number of Odonate species and individuals increased in all the three study sites in the study area during the study period- June, 2024 to May, 2025. This might be due to improved aquatic habitat conditions facilitating better conditions for breeding and larval development; favourable climatic conditions boosting success for breeding as well as shortening the time for larval development; reduction in predation or habitat destruction enabling more individuals to reach adulthood; and addition of new species in the study area. Therefore, the presence of large number of Odonate species and individuals in an area is due to their well dependency on the ecological conditions of the environment (Corbet, 2004; and Jacob et al., 2017). 
The current study also reveals that the Sørensen Similarity Coefficient was 0.844444444, 0.936170213 and 0.769231 for Site 1, Site 2 and Site 3 between the study periods June, 2023 to May, 2024 and June, 2024 to May, 2025 respectively. Since, the Sørensen Similarity Coefficient values 0.844444444 and 0.936170213 ranges between 0.80-1.00, so, these values indicate very high similarity in species composition in Site 1 and Site 2 respectively between the study periods June, 2023 to May, 2024 and June, 2024 to May, 2025, highlighting that the species composition has remained stable over time . In addition, as the value 0.769231 for Site 3 between the study periods June, 2023 to May, 2024 and June, 2024 to May, 2025 ranges between 0.60-0.79, so, it indicates that the species composition possess high similarity where substantial species overlap. Therefore, the species composition similarity shows that Odonate species present at Site 2 exhibit highest species similarity between the study years i.e., June, 2023 to May, 2024 and June, 2024 to May, 2025. This can be attributed to the physical characteristics of the environment such as vegetation structure, temperature and humidity in Site 2 (Narender et al., 2016) of the study area. Moreover, the correlation coefficient (r) between average seasonal temperatures and abundance of Odonates during the study period June, 2023 to May, 2025 is 0.48, 0.40 and 0.41 in Site 1, Site 2 and Site 3 respectively. These r values indicate a moderate positive correlation (0.4≤ I r I <0.7: Moderate) between average seasonal temperatures and abundance of Odonates at all three study sites i.e., as temperature increases, the Odonate abundance also tends to increase slightly (Adnan et al., 2025). 
5. CONCLUSION
The results showed that a total of 26 species of Odonates i.e., 14 species of dragonflies (Suborder-Anisoptera) and 12 species of damselflies (Suborder- Zygoptera) belonging to the Families Libellulidae, Coenagrionidae and Platycnemididae were recorded from the three study sites during the study period of two years i.e., from June, 2023 to May, 2024 and June, 2024 to May, 2025. The occurrence of highest number of Odonate species and individuals were recorded from monsoon. Orthetrum sabina and Ceriagrion cerinorubellum were the most abundant species in the study area during both the two years of study periods. Additionally, the current study reported that the Sørensen Similarity Coefficient was 0.844444444, 0.936170213 and 0.769231 for Site 1, Site 2 and Site 3 between the study periods June, 2023 to May, 2024 and June, 2024 to May, 2025 respectively.
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