


Notes on courtship and mating behaviour in some butterflies of Talle Valley Wildlife Sanctuary, Arunachal Pradesh, India


Abstract
Reproduction is the ultimate driver of butterfly survival, and courtship behaviours determine whether mating succeeds or fails. Observing these interactions in natural habitats not only reveals species-specific strategies but also adds to the natural history knowledge needed to understand butterflies in diverse ecosystems. Despite the rich butterfly fauna of the Eastern Himalayas, particularly in Arunachal Pradesh, systematic field observations of mating behaviour remain extremely limited. To address this, we recorded courtship and mating behaviour in 14 butterfly species at Talle Valley Wildlife Sanctuary between 2021 and 2023. Across pre-monsoon, monsoon, and post-monsoon seasons, opportunistic observations were conducted to document male, female, and pair behaviours, along with mating outcomes. Males exhibited a wider range of behaviours, including perching, chasing, and flight pursuit, while females primarily responded with immobility, wing fluttering, and twirling. Species-specific signatures were evident, with circular versus straight chase flights, clockwise versus anti-clockwise twirling, and contrasting carousel orientation. Of the 14 species, six achieved successful copulation (40–168 min), five experienced interruptions, and three were rejected by females. Copulation was longest in Junonia orithya (168 min) and shortest in Heliophorus epicles (40 min). These findings provide the first detailed records of butterfly mating behaviour from Arunachal Pradesh, strengthening natural history records for the region and offering a foundation for future behavioral research on butterflies.
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INTRODUCTION
Courtship and mating are vital components of butterfly reproduction, involving male displays, female responses, and paired interactions that shape reproductive outcomes. These behaviours illuminate processes of sexual selection and provide important context for understanding how butterflies communicate and compete for mates in natural environments (Rutowski, 1991; Kemp, 2000; Bergman et al., 2007; White et al., 2015). Documenting such behaviours is valuable, as mating strategies not only determine individual reproductive success but also influence how species persist under varying ecological conditions. While such behaviours have been widely described in different parts of the world, field-based documentation from India remains relatively uncommon, with only a few studies reporting detailed mating interactions in the wild (Molleman et al., 2020). Despite its high butterfly richness, the reproductive behaviour of butterflies in Arunachal Pradesh remains little studied. The state lies at the junction of the Indo-Burma and Eastern Himalaya biodiversity hotspots (Mittermeier et al., 2004) and forms a transition zone between the Indo-Malayan and Palearctic realms as well as the Himalayan, Indian, and Indochinese subregions(Eliot et al., 2006). It is also recognised both as part of the Global 200 ecoregions(Olson and Dinerstein, 1998) and the Eastern Himalaya biodiversity hotspot(Saikia et al., 2017). Talle Valley Wildlife Sanctuary (TVWS), with its diverse habitats, intact river systems, and relatively undisturbed conditions, offers an important setting to observe butterfly courtship and mating in the wild. 
This study presents baseline field observations of butterfly courtship and mating in Talle Valley Wildlife Sanctuary and, to our knowledge, represents one of the first detailed accounts from Arunachal Pradesh. It documents 14 species from TVWS, describing male, female, and pair behaviours, highlighting species-specific signatures such as differences in flight chases, twirling, and carousel movements. By documenting courtship sequences, sex-specific displays, and mating outcomes across pre-monsoon, monsoon, and post-monsoon seasons, this study also adds valuable natural history information on butterfly reproduction in this biodiversity-rich region.
MATERIALS AND METHODS
Study Site and Species
The study was carried out in Talle Valley Wildlife Sanctuary, located in the Lower Subansiri district of Arunachal Pradesh, northeastern India (27°34′4″N – 27°35′14″N; 93°58′58″E – 93°59′49″E). The sanctuary covers 337 km², with altitudes ranging from 130 to 2,900 m, and is traversed by the Pange, Sipu, Karing, and Subansiri rivers. The region experiences a temperate climate, with rainfall highest in June (419.5 mm) and lowest in December (5 mm), and temperatures ranging from 1.1 °C in winter to 31.6 °C in summer (Sinha, 2024). TVWS supports rich faunal diversity and remains relatively undisturbed, making it suitable for behavioral studies. A total of 14 butterfly species were recorded in mating contexts: Heliophorus epicles, Charaxes bernardus, Argynnis childreni, Graphium cloanthus, Byasa polyeuctes, Pieris brassicae, Ypthima heubneri, Zizeeria karsandra, Parantica sita, Ypthima sakra, Anthene emolus, Lethe verma, Junonia orithya, and Cyrestis thyodamas. Species were identified in the field using field guides (Evans, 1985; Kehimkar, 2008).
Behavioral Observations
Field observations were carried out opportunistically, based on random encounters with butterflies engaged in mating behaviour, over a two-year period from March 2021 to February 2023. The study spanned pre-monsoon (March–May), monsoon (June–September), post-monsoon (October–November), and winter (December–February). Observations were made between 09:00 and 14:00 h under sunny weather conditions, coinciding with peak butterfly activity (Lederhouse, 1982; Wickman, 1985; Rutowski, 1991). Surveys were not conducted on overcast or rainy days. Behaviours were classified as male, female, and pair (couple) behaviours, following definitions adapted from earlier works (Lederhouse, 1982; Wickman, 1985; Rutowski, 1991; Dinesh and Venkatesha, 2013; White et al., 2015; Takeuchi, 2017) with modifications based on present observations:
Male behaviours included perching (stationary at fixed points, monitoring the surroundings), territorial flight (short circular flights near a perch, often within a limited radius), patrolling (sustained flight through an area, covering a wider range), chasing intruders (pursuit of rival males or other insects entering the territory), flight pursuit (direct chase of a female in flight), basking (perched with wings fully spread), abdominal bending (abdomen curled upward to attempt genital contact), and step approach (incremental advance toward a female). Female behaviors comprised immobility (remaining still in the presence of a male), wing fluttering (slow or rapid wing movements, often during male approach), twirling (rotational wing or body movement while perched), abdominal raising (abdomen lifted upward, usually away from the substrate), and step approach (short advances toward a male, less frequent than in males). Pair (couple) behaviors included parallel position (male and female aligned side by side), fronting up (facing each other prior to copulation), courtship flight (short aerial displays involving both sexes, with the male following the female closely), carousel (circular paired flight in close formation), copulation (genital coupling, maintained for variable duration), and copula termination (separation after copulation, either voluntary or following disturbance).
In addition to behavioral repertoires, the outcomes of mating attempts were recorded as successful copulation, interruption, or female rejection (Altmann, 1974; Bateson and Martin, 2021). Observations were aided by binoculars and a digital camera, and durations of copulation were measured with a stopwatch. Records were maintained in field datasheets, and photographs were taken whenever possible to document behaviours. As the study was conducted opportunistically in the wild, species were not observed with equal frequency, and in some cases copulation events could not be followed until natural separation.
RESULTS
Courtship and mating interactions were documented in 14 butterfly species across pre-monsoon, monsoon, and post-monsoon seasons in Talle Valley Wildlife Sanctuary (Tables 1-2).
Courtship Behaviours
Males exhibited a broader repertoire of behaviours compared to females. Frequent male behaviours included perching, territorial flight, patrolling, chasing intruders, flight pursuit, basking, abdominal bending and step approach. Female behaviours were more limited as they primarily displayed immobility, wide or small wing fluttering, twirling, and abdominal raising. Step approach was also occasionally recorded in females, but with shorter durations and less frequency compared to males. Courtship sequences generally began with male activity, followed by female responses, and culminated in paired interactions. In paired interaction, couple behaviours such as parallel position, fronting up, courtship flight, carousel, and copulation were recorded. Copula termination was noted in some species either by natural separation or was not observed when the event exceeded the observation period.
Behavioral Signatures
Species-specific differences were evident in flight and carousel displays. Among male behaviour, the chasing intruder showed two distinct flight patterns. Circular chasing flights were recorded in Charaxes bernardus, Graphium cloanthus, Anthene emolus, Cyrestis thyodamas and Junonia orithya, while straight flights were noted in Ypthima heubneri and Parantica sita. Within couple behaviours, carousel movements showed directional variation. Clockwise carousel movements were observed in Heliophorus epicles, Argynnis childreni, and Junonia orithya, and anti-clockwise in Ypthima heubneri, Zizeeria karsandra, and Lethe verma. In female behaviours, twirling also varied in orientation, with clockwise twirling displayed by Heliophorus epicles, Argynnis childreni, Ypthima sakra, and Junonia orithya, whereas anti-clockwise twirling occurred in Ypthima heubneri, Zizeeria karsandra, and Lethe verma.
Copulation Success and Duration
Six species achieved successful copulation: Heliophorus epicles (40 min), Argynnis childreni (90 min), Ypthima heubneri (55 min), Zizeeria karsandra (145 min), Lethe verma (75 min), and Junonia orithya (168 min) as shown in Fig 5. The longest copulation was in Junonia orithya (168 min), while the shortest was in Heliophorus epicles (40 min). Copula termination by natural separation was documented in Heliophorus epicles, Ypthima heubneri, and Lethe verma, whereas in Argynnis childreni, Zizeeria karsandra, and Junonia orithya termination could not be observed as the events exceeded observation periods. To visualize these outcomes, the following figures summarize mating success, interruptions, and durations recorded across seasons (Fig 1).
Interrupted and Failed Attempts
Interrupted mating attempts were recorded in Graphium cloanthus (intruding insect), Byasa polyeuctes, Pieris brassicae and Cyrestis thyodamas (unknown causes), Parantica sita (repeated unsuccessful attempts in both monsoon and post-monsoon), Ypthima sakra (rival male), and one instance in Junonia orithya (weather). Female rejection occurred in Charaxes bernardus and Anthene emolus (Fig 4).
Seasonal Variation
Seasonal differences in mating outcomes were evident. During the pre-monsoon, several species engaged in courtship, with successful copulations recorded in Heliophorus epicles (40 min) and Argynnis childreni (90 min). Female rejection was documented in Charaxes bernardus, while unsuccessful or interrupted attempts occurred in Graphium cloanthus, Byasa polyeuctes, and Pieris brassicae. In the monsoon season, successful copulations were observed in Ypthima heubneri (55 min) and Zizeeria karsandra (145 min). However, interruptions were frequent, as seen in Graphium cloanthus, Parantica sita, and Ypthima sakra (rival male). Female rejection was also noted in Anthene emolus. The post-monsoon period yielded the longest and most stable copulations, including Lethe verma (75 min) and Junonia orithya (168 min). In contrast, Parantica sita again showed unsuccessful attempts, and Cyrestis thyodamas was interrupted (Fig 2).
Overall Outcomes
Overall, fewer than half the species (43%) achieved copulation, while an equal proportion (43%) faced interruptions, and a smaller fraction (14%) showed outright female rejection (Fig 3).
DISCUSSION
Although butterfly courtship and mating behaviours have been described in other regions, this study provides one of the first detailed accounts from Talle Valley Wildlife Sanctuary (TVWS) in Arunachal Pradesh. Located in the Eastern Himalayas, the state is recognised both as one of the 200 globally important ecoregions and as one of the world’s eighteen biodiversity hotspots, yet remains poorly studied in terms of butterfly behaviour. Within this setting, TVWS provides an important context for documenting species-specific signatures and their consequences for mating outcomes. By recording male, female, and couple behaviours across 14 species, the present study contributes valuable baseline information on butterfly reproductive interactions.
Male butterflies exhibited a broader behavioral repertoire than females, consistent with the general pattern across Lepidoptera where males are the active initiators of courtship and mate-locating behaviour (Rutowski, 1991; Wiklund, 2003; Dinesh and Venkatesha, 2013). Behaviours such as perching, territorial flight, and chasing intruders (CI) reflect strategies to locate and compete for mates. The two distinct CI flight patterns-circular versus straight-observed across species suggest alternative tactics in rival exclusion or display. Similar flight polymorphisms have been noted in other butterflies and are considered important in both male-male contests and female attraction(Kemp and Wiklund, 2001).
Female behaviours were more restricted but decisive in determining mating outcomes. Immobility, wing fluttering, and abdominal raising functioned as rejection signals, a pattern widely reported in other nymphalid and lycaenid butterflies (Wiklund, 2003). Twirling, however, stood out as a more dynamic female behaviour. Its occurrence in clockwise or anti-clockwise forms across species may represent an under-documented component of female signalling, potentially functioning in pair coordination or mate assessment. Step approach (SA) was also occasionally recorded in females, but it was brief and rare compared to its expression in males, reinforcing the conclusion that female responsiveness is largely selective rather than initiatory.
Couple behaviours highlighted species-specific differences in pair coordination. Carousel movements showed clear directional consistency, with clockwise carousels in Heliophorus epicles, Argynnis childreni, and Junonia orithya, and anti-clockwise movements in Ypthima heubneri, Zizeeria karsandra, and Lethe verma. These paired flights resemble courtship displays reported in pierid butterflies, including Colias species (Silberglied and Taylor, 1978; Wickman, 1985). Directional biases may function in species recognition or in reinforcing pair bonds.
Mating outcomes reflected the interplay of male courtship strategies and female responses, with interruptions further influencing the likelihood of copulation. Copulation durations varied widely, with prolonged events such as those in Junonia orithya pointing to strategies of mate guarding and ejaculate investment, while shorter copulations resembled patterns seen in other butterflies where rapid mating may reduce exposure to disturbance (Svärd and Wiklund, 1986; Svärd et al., 1988). Interruptions-caused by rival males, intruding insects, and occasionally by abiotic disturbances-demonstrated the vulnerability of copulation to external factors, echoing studies that show disturbances can reduce mating success or truncate copula (Kemp and Wiklund, 2001). Female rejection, recorded in two species, illustrates the influence of female choice in shaping reproductive outcomes, consistent with observations of rejection behaviours in other nymphalid butterflies such as Melanitis leda (Molleman et al., 2020).
Seasonal variation was also evident. Early phases (pre-monsoon and monsoon) were marked by active courtship but frequent interruptions and rejections, whereas post-monsoon yielded the most stable and prolonged copulations, particularly in Junonia orithya. Comparable temporal shifts in mating behaviour, including variation in copulation duration and outcomes, have been reported in nymphalid butterflies such as Melanitis leda (Molleman et al., 2020) and Euphydryas aurinia (Pinzari et al., 2019), indicating that timing within the life cycle can influence reproductive strategies. Overall, fewer than half the species achieved copulation, while an equal proportion faced interruptions, and a smaller fraction showed outright female rejection. 
These findings highlight how male strategies, female responses, and external interruptions interact to shape butterfly mating outcomes. By recording species-specific signatures-such as circular versus straight chases in males, directional twirling in females, and carousel orientations in couples-this study provides baseline information on reproductive behaviour in butterflies of the Eastern Himalayas. Future work incorporating controlled mate-choice assays, manipulations of rival density, and climatic influences would help clarify the functional significance and evolutionary drivers of these behaviours.
CONCLUSION
This study provides one of the first detailed field-based accounts of butterfly courtship and mating behaviour from Talle Valley Wildlife Sanctuary, Arunachal Pradesh. Through opportunistic observations of 14 butterfly species across pre-monsoon, monsoon, and post-monsoon periods, distinct male, female, and pair behaviours were documented along with their mating outcomes. Males exhibited a broader range of courtship behaviours, while female responses played a decisive role in determining mating success, interruption, or rejection. Species-specific behavioural signatures, including differences in chase flights, twirling orientation, and carousel movements, were consistently observed.
Successful copulation was recorded in fewer than half of the species, with copulation durations showing wide interspecific variation, ranging from 40 to 168 minutes. Seasonal differences were evident, with the post-monsoon period yielding the most stable and prolonged copulations. Overall, these findings contribute baseline natural history information on butterfly reproductive behaviour from a poorly studied region of the Eastern Himalayas and provide a reference for future studies on butterfly behaviour and ecology.
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Table 1 Ethogram of butterfly courtship behaviours across species and seasons in Tale Valley Wildlife Sanctuary
	Species
	Season
	Sex
	Behaviours (with durations in mins)
	Remarks

	Heliophorus epicles
	Pre-monsoon
	Male
	P (5), B (3), PA (7), FP (5), AB (0.8), SA (0.5)
	

	
	
	Female
	I (3), SA (0.2), AR (0.6)
	

	
	
	Couple
	PP (0.8), FU (0.6), CF (10), CA (6), CP (40)
	CA Clockwise, CT Observed (Natural separation).

	Charaxes bernardus
	Pre-monsoon
	Male
	TF (2), P (1), CI (4), FP (1)
	CI Circular flight, short flight and returned to perch area.

	
	
	Female
	SWF (5), I (2), T (3), SA (2)
	T Anti-clockwise, initially perched on twig, Female flew away.

	Argynnis childreni
	Pre-monsoon
	Male
	TF (0.5), P (1), B (10), PA (12), SA (0.8), AB (0.5)
	

	
	
	Female
	SWF (5), I (1), AR (0.3)
	

	
	
	Couple
	PP (0.5), I (2), CF (2), CA (1), CP (90)
	CA Clockwise, CT Not observed (Observation ended).

	Graphium cloanthus
	Pre-monsoon
	Male
	P (2), CI (8), SA (0.9), FP (10)
	CI Circular flight, chasing of bees was also observed.

	
	
	Female
	I (2), WWF (3)
	

	Byasa polyeuctes
	Pre-monsoon
	Male
	P (15), FP (8), TF (5)
	

	
	
	Female
	WWF (1.5), I (7)
	

	Pieris brassicae
	Pre-monsoon
	Male
	P (8), CI (12), SA (2)
	

	
	
	Female
	SWF (2), I (5), T (2), FU (1)
	T Anti-clockwise, initially perched on ground.

	Ypthima heubneri
	Monsoon
	Male
	TF (3), PA (2), FP (5), CI (8), AB (0.2)
	CI Straight flight, horizontal initially.

	
	
	Female
	SWF (3), I (1), AR (0.3)
	

	
	
	Couple
	FU (0.4), CF (10), CA (4), CP (55)
	CA Anti-clockwise, CT Observed (Natural separation).

	Graphium cloanthus
	Monsoon
	Male
	TF (4), P (3), B (4), PA (6), SA (1)
	

	
	
	Female
	I (10), FU (0.1)
	

	Anthene emolus
	Monsoon
	Male
	TF (10), B (5), CI (6), SA (1.5), PP (0.8)
	CI Circular flight, chased rival males beyond the observed immediate territory.

	
	
	Female
	I (12), FU (0.2), PP (0.5)
	Female flew away.

	Parantica sita
	Monsoon
	Male
	TF (1), P (1), PA (7), CI (5), SA (1.5)
	CI Straight flight, chased multiple rival males.

	
	
	Female
	WWF (5), I (0.8), SA (0.5)
	

	Ypthima sakra
	Monsoon
	Male
	TF (0.5), P (1), B (10), PA (12), SA (0.8), AB (0.3)
	

	
	
	Female
	SWF (6), I (1), T (1)
	T Clockwise, initially perched on ground.

	Zizeeria karsandra
	Monsoon
	Male 
	P (3), SA (1), PA (8), FP (12), AB (0.2)
	

	
	
	Female 
	SWF, (3), I (1), AR (0.25)
	

	
	
	Couple
	FU (0.4), CF (10), CA (8), CP (145)
	CA Anti-clockwise, CT Not observed (Observation ended).

	Parantica sita
	Post-monsoon
	Male
	B (3), TF (5), P (0.8), PA (6), CI (5), SA (1.5)
	CI Straight flight.

	
	
	Female
	WWF (4), I (1.5), SA (0.8)
	

	Cyrestis thyodamas
	Post-monsoon
	Male
	P (4), CI (8), SA (0.9), FP (10), PP (0.8)
	CI Circular flight, ascended initially up to 2-2.5 metres.

	
	
	Female
	I (2), WWF (3)
	

	Lethe verma
	Post-monsoon
	Male
	P (5), SA (1), PA (10), FP (6), AB (0.6)
	

	
	
	Female
	SWF (3), I (3), AR (0.2)
	

	
	
	Couple
	FU (0.4), CF (12), CA (8), CP (75)
	CA Anti-clockwise, CT observed (Natural separation).

	Junonia orithya
	Post-monsoon
	Male
	P (3), B (8), PA (5), FP (7), AB (0.25)
	

	
	
	Female
	I (3), SA (0.8), T (2), AR (0.8)
	T Clockwise. Initially perched on a leaf.

	
	
	Couple
	PP (1), FU (0.6), CF (12), CA (6), CP (168)
	CA Clockwise, CT Not observed (Observation ended)

	Junonia orithya
	Post-monsoon
	Male
	TF (0.6), P (1), CI (4), FP (3)
	CI Circular flight, initially straight for a few seconds.

	
	
	Female
	SWF (1.5), I (1), SA (0.5)
	


*Types of behaviour: Territorial flight (TF); Perching(P); Step approach (SA); Basking (B); Chasing intruder (CI); Flight pursuit (FP); Abdominal bending (AB); Patrolling (PA); Wide wing fluttering (WWF); Small wing fluttering (SWF); Twirling (T); Immobility(I); Abdominal raising (AR); Parallel position (PP); Fronting up (FU); Courtship flight (CF); Carousel (CA); Copulation (CP); Copula termination (CT)
Table 2 Summary of butterfly mating outcomes and copulation durations in Tale Valley Wildlife Sanctuary.
	Species 
	Outcome 
	Copulation duration (mins)

	Heliophorus epicles
	Successful 
	40

	Charaxes bernardus
	Female rejection 
	-

	Argynnis childreni
	Successful 
	90

	Graphium cloanthus
	Interrupted (Intruding insect; repeated attempts)
	-

	Byasa polyeuctes
	Interrupted (unknown cause)
	-

	Pieris brassicae
	Interrupted (unknown cause)
	-

	Ypthima heubneri
	Successful 
	55

	Zizeeria karsandra	
	Successful
	145

	Parantica sita
	Interrupted (both monsoon & post-monsoon attempts)
	-

	Ypthima sakra
	Interrupted (rival male)
	-

	Anthene emolus
	Female rejection
	-

	Lethe verma
	Successful 
	75

	Junonia orithya
	1 successful (168), 1 interrupted (weather)
	168 (Successful)

	Cyrestis thyodamas
	Interrupted (unknown cause)
	-













Fig. 1 Copulation durations across butterfly species and seasons at Talle Valley Wildlife Sanctuary. Scatter plot showing the duration of successful copulations (minutes) for six butterfly species during pre-monsoon, monsoon, and post-monsoon periods
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Fig. 2 Seasonal variation in mating outcomes among butterflies at Talle Valley Wildlife Sanctuary. Bars represent the number of species showing successful copulation, female rejection, or interrupted/unsuccessful attempts during the pre-monsoon, monsoon, and post-monsoon periods
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Fig. 3 Overall mating outcomes among observed butterfly species at Talle Valley Wildlife Sanctuary. Pie chart showing the proportion of successful copulations, interrupted attempts, and female rejections recorded across 14 butterfly species
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[image: ]Fig. 4 Unsuccessful mating attempts in butterflies at Talle Valley Wildlife Sanctuary. a) Graphium cloanthus b) Parantica sita c) Cyrestis thyodamas d) Charaxes bernardus e) Pieris brassicae f) Yphtima sakra g) Byasa polyeuctes h) Junonia orithya i) Anthene emolus










Fig. 5 Successful copulation observed in butterflies at Talle Valley Wildlife Sanctuary. a) Zizeeria karsandra b) Heliophorus epicles c) Junonia orithya d) Argynnis childreni e) Ypthima heubneri f) Lethe verma
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