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Seasonal Variation in Diversity of Butterflies in Kelo Dam Park of Raigarh District, Chhattisgarh, India


ABSTRACT 	Comment by shahriza shahrudin: 1.State when the study was conducted
2.Add coordinate and elevation of the study sites
Butterflies have served as vital bioindicators of ecosystem health. Previously, Rabo Dam in Raigarh district was scientifically evaluated for butterfly diversity, and the Kelo Dam was explored for Ichthyofaunal biodiversity in the study site. The present study assessed the seasonal variation in butterfly diversity at Kelo Dam in Raigarh district, Chhattisgarh. This research fills a critical gap in regional butterfly diversity in Raigarh district. The systematic field surveys were conducted throughout the year during the present study. The phenological periods were divided into summer, monsoon, post-monsoon, and winter. The study documented 53 species, with Nymphalidae as the dominant family (20 species), followed by Lycaenidae (11 species) and Pieridae (10 species). Hesperiidae was observed as least represented family (3 species). The Summer season exhibited the lowest species richness (18 species), while the monsoon season triggered significant ecological recovery. The Post-monsoon period indicated that the study site supported the highest abundance and species retention. The present findings answered ecological significance of Kelo Dam as a biodiversity refuge and provide a baseline for understanding how butterfly assemblages respond to seasonal dynamics in industrialised zones. 	Comment by shahriza shahrudin: State in which month and year
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INTRODUCTION 	Comment by shahriza shahrudin: Add information on:
 Previous study on butterfly diversity in India
Morphology of butterfly
Life cycle of butterfly
Why this study is important?
The environment includes biological, chemical, and physical factors that affect the life and development of organisms (Kumar, 2018). It is a complex system in which interactions among the atmosphere, lithosphere, hydrosphere, and biosphere occur naturally (Meena, 2017). However, today, habitat fragmentation, climate change, and pollution have become common features of terrestrial ecosystems due to anthropogenic activities (He and Silliman, 2019). Chhattisgarh is a key biodiversity hotspot, characterised by dry and moist deciduous forests that host diverse fauna and flora (Sharma, 2019). The state of Chhattisgarh has significant and diverse natural habitats and important wildlife corridor (Sarwa and Vishwakarma, 2019). Therefore, bio-monitoring is essential to assess the health of these delicate deciduous forests, which are increasingly fragmented yet remain vital for regional biodiversity. 
The natural resources viz. clean air and water, nutrient cycling and climate regulation plays a significant role in sustainability, diversity of life and monitoring the health of planet Earth. Species are vital to ecosystems, and the services they provide should be regularly included in ecosystem evaluations (Gascon et al., 2015). 
Butterflies are ecologically important as key pollinators for many plants, indicators of ecosystem health, and essential food sources for birds and wildlife as mentioned by Patel and Mashi (2025). Butterflies are insects belonging to the order Lepidoptera (Greek lepis means scale and pteron means wing) and suborder Rhopalocera (Vairagade, 2024). They are often regarded as bioindicators of ecological health because of their sensitivity to environmental changes and capability to signal environmental conditions (Comay et al., 2021). Their presence has been reported as an indicator for a healthy environment and their response to climate change and habitat loss which helps scientists to monitor environmental degradation (Pfenning-Butterworth et al., 2024). 
Seasonal variation involves regular fluctuations in temperature, precipitation, humidity and photoperiod caused by Earth's tilt and orbit which lead to seasons like monsoon, winter and summer season (Chen et al., 2017). Biological events of faunas (especially, Insects) are vital in influencing life cycles, breeding, abundance and migration in context of ecology (Weiskopf et al., 2020; Paramanandham et al., 2021). For example, monsoons trigger larval host plant growth that causes population spikes whereas dry summers may lead species into diapause or into migration to wetter areas. 
India is recognized as a mega diverse nation that host approximately 1403 species of butterflies to date (Smetacek, 2025). Chhattisgarh is situated in the deccan peninsular bio-geographic zone, is rich in deciduous forests (Kala, 2009). Research shows that Chhattisgarh is home to a diverse array of butterflies with estimates of about 201 species. (Naidu et al., 2025). Raigarh district in Chhattisgarh has a mixed ecological region with industry, forests, and urban gardens. The Kelo River in Raigarh district originates from Gharghoda hills, which runs for 112.60 km and joins the river Mahanadi near Mahadevpali. The Ichthyofaunal diversity has been conducted at Kelo Dam (Pandey and Tamboli (2020), Jaiswal et al. (2023), and Pandey (2024).   Recently, Sinha et al. (2025) reported on the diversity of butterfly species at Rabo Dam. The   studies on butterfly diversity in Kelo Dam area is scanty.)  Henceforth, we have conducted comprehensive research on seasonal variation in the diversity of Butterflies in Kelo Dam of Raigarh District, Chhattisgarh, India. So an attempt was made to conduct comprehensive study on seasonal variation in the diversity of Butterflies in Kelo Dam of Raigarh District, Chhattisgarh, India. 	Comment by shahriza shahrudin: From which family?
Number of butterfly family in India = ?
 
RESEARCH METHODOLOGY
The effect of seasonal variation on the diversity of Butterflies in Kelo Dam Park of Raigarh District was comprehensively assessed in present course of investigation. 
Study Site	Comment by shahriza shahrudin: 1.Add map of India showing the study sites
2.Add some photos of the study sites
3.Describe the vegetation of the study sites
The studies were carried out to observe and document butterfly diversity across different habitats at Kelo Dam Park in Raigarh District, Chhattisgarh, India. It provides essential resources, e.g., moisture, varied vegetation and protected areas for feeding, breeding and larval development of butterflies. It is located at 21.95° N, 83.39 ° E and offers favorable conditions for butterflies. 	Comment by shahriza shahrudin: State the elevation
Data Collection
Data on butterfly diversity were collected annually to analyze how species diversity varies over time. The data were collected in Summer (S), Monsoon (M), Post-Monsoon (PM), and Winter (W). Summer was included March to May. Monsoon was included from June to August. Post-Monsoon was included from September to November. Winter was included from December to February. Data related to butterfly diversity was collected at study site (Kelo Dam, Raigarh) as reported by Naidu et al. (2025). The butterfly diversity was recorded through a random walk on study site to identify different species. Observations took place from 7:00 am to 9:00 pm and again from 3:00 pm. to 5:00 pm. 	Comment by shahriza shahrudin: State the year (2024 or 2025)
How many observation in each month? 	Comment by shahriza shahrudin: Not specific
Explain how you collect the specimens	Comment by shahriza shahrudin: Are you observed until 9 pm
There are no butterfly at night
Identification 	Comment by shahriza shahrudin: 1.How you kept the specimens prior to identification? 
2.Do you have some voucher specimens and tagging numbers of the butterfly?
  
[bookmark: _byenq1bonn6g]The Initial species identification was relied primarily on field guides by Kehimkar (2016) and Haribal (1992). Further verification was supported by taxonomic references viz., Evans (1932) and Wynter-Blyth (1957). Final confirmation was done through consultation with the Butterflies of India portal (https://www.ifoundbutterflies.org). 
RESULTS AND DISCUSSION 	Comment by shahriza shahrudin: Results and discussion must be separated 
Add some photos of the butterfly species, at least 10 photos.
Add pie chart to present your results
The present study documented 53 butterfly species season-wise at study site (Table 1). Nymphalidae was recorded as most abundant family with 20 identified species. It accounted for nearly 40% of the total species. The families Lycaenidae and Pieridae also contributed significantly with 11 and 10 species, respectively. Conversely, Hesperiidae was least represented, with only 3 species recorded. 
Table 1: Season-wise availability of butterflies in Kelo Dam Park Raigarh (Chhattisgarh) 

	S.N.
	Common Name
	Scientific Name
	Family
	S
	M
	PM
	W

	1
	Brown Awl
	Badamia exclamationis (Fabricius, 1775)
	Hesperiidae
	-
	+
	+
	-

	2
	Common Banded Awl
	Hasora chromus (Cramer, 1780)
	Hesperiidae
	-
	+
	+
	-

	3
	Grass Demon
	Udaspes folus (Cramer, 1775)
	Hesperiidae
	-
	+
	+
	+

	4
	Common Jay
	Graphium doson (C. & R. Felder)
	Papilionidae
	+
	+
	+
	+

	5
	Tailed Jay
	Graphium agamemnon (Linnaeus, 1758)
	Papilionidae
	+
	+
	+
	+

	6
	Spot Swordtail
	Graphium nomius (Esper, 1799)
	Papilionidae
	-
	+
	+
	+

	7
	Common Mormon
	Papilio polytes (Linnaeus, 1758)
	Papilionidae
	+
	+
	+
	+

	8
	Blue Mormon
	Papilio polymnestor (Cramer, 1775)
	Papilionidae
	-
	-
	+
	+

	9
	Common Banded Peacock
	Papilio crino (Fabricius, 1793)
	Papilionidae
	-
	-
	+
	+

	10
	Lime Butterfly
	Papilio demoleus (Linnaeus, 1758)
	Papilionidae
	+
	+
	+
	+

	11
	Common Rose
	Pachliopta aristolochiae (Fabricius, 1775)
	Papilionidae
	+
	+
	+
	+

	12
	Common Mime
	Papilio clytia (Linnaeus, 1758)
	Papilionidae
	+
	+
	+
	+

	13
	Common Gull
	Cepora nerissa (Fabricius, 1775)
	Pieridae
	+
	+
	+
	+

	14
	Common Jezebel
	Delias eucharis (Drury, 1773)
	Pieridae
	+
	+
	+
	+

	15
	Common Wanderer
	Pareronia hippia (Fabricius, 1787)
	Pieridae
	-
	+
	+
	+

	16
	Common Emigrant
	Catopsilia pomona (Fabricius, 1775)
	Pieridae
	+
	+
	+
	+

	17
	Mottled Emigrant
	Catopsilia pyranthe (Linnaeus, 1758)
	Pieridae
	+
	+
	+
	+

	18
	Small Grass Yellow
	Eurema brigitta (Stoll, 1780)
	Pieridae
	+
	+
	+
	+

	19
	Common Grass Yellow
	Eurema hecabe (Linnaeus, 1758)
	Pieridae
	+
	+
	+
	+

	20
	Three Spot Grass Yellow
	Eurema blanda (Boisduval, 1836)
	Pieridae
	+
	+
	+
	+

	21
	Psyche
	Leptosia nina (Fabricius, 1793)
	Pieridae
	+
	+
	+
	+

	22
	Spotless Grass Yellow
	Eurema laeta (Boisduval, 1836)
	Pieridae
	+
	+
	+
	+

	23
	Pale Grass Blue
	Pseudozizeeria maha (Kollar, 1844)
	Lycaenidae
	-
	+
	+
	+

	24
	Tailless Lineblue
	Prosotas dubiosa (Semper, 1879)
	Lycaenidae
	-
	+
	+
	+

	25
	Common Pierrot
	Castalius rosimon (Fabricius, 1775)
	Lycaenidae
	-
	+
	+
	+

	26
	Bright Babul Blue
	Azanus ubaldus (Stoll, 1782)
	Lycaenidae
	-
	+
	+
	+

	27
	Dark Grass Blue
	Zizeeria karsandra (Moore, 1865)
	Lycaenidae
	-
	+
	+
	+

	28
	Tiny Grass Blue
	Zizula hylax (Fabricius, 1775)
	Lycaenidae
	-
	+
	+
	+

	29
	Plain Cupid
	Chilades pandava (Horsfield, 1829)
	Lycaenidae
	-
	+
	+
	+

	30
	Common Guava Blue
	Deudorix isocrates (Fabricius, 1793)
	Lycaenidae
	-
	+
	+
	+

	31
	Common Silverline
	Spindasis vulcanus (Fabricius, 1775)
	Lycaenidae
	-
	+
	+
	+

	32
	Indian Red Flash
	Rapala iarbus (Fabricius, 1787)
	Lycaenidae
	-
	+
	+
	+

	33
	Striped Pierrot
	Tarucus nara (Kollar, 1848)
	Lycaenidae
	-
	+
	+
	+

	34
	Blue Tiger
	Tirumala limniace (Cramer, 1775)
	Nymphalidae
	+
	+
	+
	+

	35
	Plain Tiger
	Danaus chrysippus (Linnaeus, 1758)
	Nymphalidae
	+
	+
	+
	+

	36
	Common Tiger
	Danaus genutia (Cramer, 1779)
	Nymphalidae
	+
	+
	+
	+

	37
	Common Crow
	Euploea core (Cramer, 1780)
	Nymphalidae
	+
	+
	+
	+

	38
	Common Evening Brown
	Melanitis leda (Linnaeus, 1758)
	Nymphalidae
	+
	+
	+
	+

	39
	Common Castor
	Ariadne merione (Cramer, 1777)
	Nymphalidae
	+
	+
	+
	+

	40
	Tawny Coster
	Acraea violae (Fabricius, 1793)
	Nymphalidae
	-
	+
	+
	+

	41
	Commander
	Moduza procris (Cramer, 1777)
	Nymphalidae
	-
	-
	+
	+

	42
	Common Sailer
	Neptis hylas (Linnaeus, 1758)
	Nymphalidae
	-
	+
	+
	+

	43
	Common Baron
	Euthalia aconthea (Cramer, 1777)
	Nymphalidae
	-
	+
	+
	+

	44
	Baronet
	Euthalia nais (Forster, 1771)
	Nymphalidae
	-
	+
	+
	+

	45
	Painted Lady
	Vanessa cardui (Linnaeus, 1758)
	Nymphalidae
	-
	+
	+
	+

	46
	Grey Pansy
	Junonia atlites (Linnaeus, 1763)
	Nymphalidae
	+
	+
	+
	+

	47
	Peacock Pansy
	Junonia almana (Linnaeus, 1758)
	Nymphalidae
	+
	+
	+
	+

	48
	Yellow Pansy
	Junonia hierta (Fabricius, 1798)
	Nymphalidae
	+
	+
	+
	+

	49
	Chocolate Pansy
	Junonia iphita (Cramer, 1779)
	Nymphalidae
	+
	+
	+
	+

	50
	Blue Pansy
	Junonia orithya (Linnaeus, 1758)
	Nymphalidae
	-
	-
	+
	+

	51
	Lemon Pansy
	Junonia lemonias (Linnaeus, 1758)
	Nymphalidae
	+
	+
	+
	+

	52
	Great Eggfly
	Hypolimnas bolina (Linnaeus, 1758)
	Nymphalidae
	+
	+
	+
	+

	53
	Danaid Eggfly
	Hypolimnas misippus (Linnaeus, 1764)
	Nymphalidae
	+
	+
	+
	+

	S stands for Summer season; M stands for Monsoon season; P stands for Post-monsoon season; W stands for Winter season; + sign represents presence; – sign represents absence of butterfly species. 



Present analysis was revealed seasonal variation in species richness. The Summer season showed lowest overall diversity i.e., those in the Lycaenidae family. However, ecosystem showed a strong recovery during the monsoon. This was likely due to increased rainfall which helped restore plant vegetation. This, in turn, led to return of species such as Spot Swordtail and Common Wanderer. The post-monsoon season was observed as biological high point with a high species density (53 Species). This indicates that it is most suitable time for butterfly activity. Present data revealed different levels of ecological elasticity among observed species. The Lime Butterfly (Papilio demoleus) and Common Emigrant (Catopsilia pomona) showed high adaptability and remained present across all four seasons despite climatic changes. In contrast, some species were displayed distinct phenological patterns, e.g., Blue Mormon and Common Banded Peacock were absent during Summer and Monsoon and only appeared during the cooler Post-monsoon and Winter months. Notably, Winter season was also supported significant diversity (51 Species). Further, we also noted the disappearance of certain Hesperiids (such as Brown Awl) which had been active in previous wet seasons. Diversity peaks after the monsoon (September–November) due to renewed vegetation and nectar sources was noted by them. As the winter causes a decline due to lower temperatures that slow metabolism and induce diapause. During summer, desiccation stress was high, but resilient species from the Pieridae and Nymphalidae families often gather in riparian zones with available moisture. 
Naidu et al. (2025) stated that Chhattisgarh currently hosts 201 butterfly species. Earlier, Sisodia (2019) provided updated checklist of 159 butterfly species from Chhattisgarh, derived from field data collected from 2013 to 2019 and a review of earlier studies. Their list was included 19 new species of which 8 are range extensions and 11 are confirmed sightings in the state.  Sinha et al. (2025) reported 41 butterfly species (5 families and 12 subfamilies) at Rabo Dam, Raigarh. Their findings were compared with previous studies and afterwards they created first dedicated butterfly checklist for Raigarh which includes 58 species of which 17 were newly recorded. 
A phenological investigation was conducted at Kelo Dam Park and we have documented 53 species, with Nymphalidae being the most prevalent (20 species), succeeded by Lycaenidae (11), Pieridae (10), Papilionidae (9) and Hesperiidae (3) during present study. The highest species richness was occurred during post-monsoon period possibly due to resource availability. Summer showed a sharp declined in diversity with 18 species only. Especially absence of Lycaenidae and Hesperiidae. Some species in Pieridae and Nymphalidae remained active year-round, whereas others, such as Papilio polymnestor and Junonia orithya, were seasonal, appearing only after the monsoon and during winter. Therefore, present research confirms that butterflies are valuable bio-indicators for assessing forest health nearby study site during rapid industrialization in Raigrah District. 
CONCLUSION 
The study of butterfly diversity in the Kelo Dam Park exhibited its role as critical ecological region for butterflies within District Raigarh under Chhattisgarh State. A total of 53 butterfly species were documented from study area. The Nymphalidae family is noted as abundant availability in the ecosystems. The phenological patterns reveal a distinct biological cycle as stress period in Summer, followed by recovery during Monsoon with highest diversity in post-monsoon season. Species such as Lime Butterfly and Common Emigrant showed strong resilience to climatic change. In contrast, limited distribution of species such as Blue Mormon, is emphasized vulnerability of certain taxa to environmental factors. Present study suggests that butterflies are effective bio-indicators for assessing forest health amid rapid industrial development. Therefore, protecting microhabitats of Kelo Dam Park is crucial to maintaining butterfly populations and to support ecological stability of study area.	Comment by shahriza shahrudin: Use scientific name, put the common name in the bracket.	Comment by shahriza shahrudin: Use scientific name, put the common name in the bracket
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