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Diversity of Swallowtail (Papilionidae) Butterfly Species of Saiden Community Forest, Ri Bhoi District, Meghalaya


[bookmark: _qsxw2y8hprk6]Abstract,
Butterflies of the family Papilionidae are ecologically significant bioindicators which are recognized for their sensitivity to environmental changes and habitat specifics. The present study assessed the diversity and relative abundance of Papilionidae in the Saiden Community Forest, Ri-Bhoi District, Meghalaya, from January to December 2021. Field surveys were conducted using the Modified Pollard Walk method across three habitat types—Riverine Forest, Closed Canopy Forest, and Open Forest, the transect was laid at 1000m each with monthly sampling. A total of 15 species belonging to three genera (Papilio, Graphium, and Troides) were recorded. The genus Papilio was dominant (60%), followed by Graphium (23%) and Troides (17%). Among the species, Papilio helenus helenus (12.70%) and Troides helena (10.48%) were the most abundant, whereas Papilio clytia and Papilio demoleus demoleus (2.86% each) were the least. Four of the recorded species are protected under the Wildlife (Protection) Act, 1972. The findings underscore the ecological value of community-managed forests in sustaining swallowtail diversity and underline the need for monitoring and habitat conservation strategies to mitigate anthropogenic pressures. This study provides baseline data for future biodiversity assessments and conservation planning.
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1. [bookmark: _o4ykem1ielo]Introduction
Butterflies, belonging to the order Lepidoptera, represents a significant portion of global insect diversity which are recognized for their ecological importance and aesthetic appeal (Perveen & Khan, 2024). Comprising roughly 160,000 species globally, Lepidoptera, which includes both moths and butterflies, is one of the most readily identifiable insect orders (Baral et al., 2025). Of these, approximately 19,000 to 20,400 species are butterflies, distributed across nearly all continents except Antarctica (Theivaprakasham, 2020). These diurnal insects are particularly noted for their vibrant coloration and intricate wing patterns, making them easily distinguishable from other insect groups (Bibi et al., 2021). Their ubiquity and sensitivity to environmental shifts have led to their recognition as crucial bio-indicators, reflecting the health and stability of various ecosystems (Theivaprakasham, 2020). This sensitivity stems from their intricate life cycles, specific habitat requirements, and susceptibility to changes in temperature, precipitation, and host plant availability (Alarape et al., 2015). Indeed, their role as pollinators further underscores their ecological significance, facilitating the reproduction of numerous plant species and contributing to overall biodiversity (Jose, 2024). Among the order Lepidoptera the family Papilionidae (Swallowtails) butterflies are widely regarded as some of the most striking members. Owing to their large size, vivid coloration, and commanding presence, they rank among the most recognizable butterfly groups worldwide. The Papilionidae family, commonly known as swallowtail butterflies, encompasses approximately 570 recognized species, making it a moderately diverse yet exceptionally prominent group within the order Lepidoptera (Zahiri et al., 2021). This family constitutes about 5% of the global butterfly fauna, and their conspicuous size and distinctive wing patterns often render them important bioindicators for assessing habitat health (Hu et al., 2023). Their diverse forms and distinctive features make them relatively easy to identify in the field. The family derives its name from the genus Papilio, a Latin term meaning “butterfly.” In his seminal classification system, Linnaeus (1758) placed all known butterflies under the genus Papilio, forming the foundation of modern biological nomenclature based on Latin binomial names. Subsequent taxonomic revisions, however, restricted the use of this genus to specific swallowtail species. The genus Papilio comprises approximately 600 species worldwide (Nakae, 2021), of which about 96 species occur in the Indian subcontinent (Smetacek, 2025), indicating that India harbors nearly 14% of the global Papilio diversity. These butterflies are further distinguished by the presence of a forked osmeterium organ located at the base of the back of the head in their larval stage, a unique anatomical feature that aids in defense (Sidat & Bhatt, 2020). This family, commonly known as swallowtails, encompasses a wide range of species, many of which exhibit characteristic hindwing tails (Sidat & Bhatt, 2020).
2. Materials and Methods:
[bookmark: _wjqlpy5wn1jk]2.1: Study Area: 
The study area is situated in Ri-Bhoi District of Meghalaya at approximately 25°52′20″ N latitude and 91°52′23″ E longitude, with an average elevation of about 565 m above mean sea level and covering nearly 98 ha. The forest represents a tropical moist mixed deciduous ecosystem and forms part of a biodiversity-rich landscape. The hottest period of the year is Monsoon (June-September) here the temperature range between 33-35ᵒC, it is also the period with the maximum rainfall, The pre-monsoon season (March-May) and the retreating monsoon (October-November) are transitional period (Barthakur, 1986), while the winter (December-February) is characterized by cold weather. Despite being partially inhabited and subjected to cultivation, the forest continues to support considerable biological diversity; however, the ecosystem remains fragile as a result of ongoing deforestation. For the investigation of Papilio species, three distinct habitat types within the Saiden Community Forest were identified and selected: Riverine Forest, Closed Canopy Forest, and Open Forest. 
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Fig 1: Map showing Saiden Community Forest.
2.2: Survey and Data Collection:
[bookmark: _pxl6h1plx0yu]A survey of Papilionidae butterflies in the Saiden Community Forest was conducted over a period of one year from January 2021 to December 2021. Three transects, measuring 1,000 m in length each were established across three distinct landscape types. Sampling was carried out once a month during morning hours (07:00 am -12:00 noon) using the Modified Pollard Walk method (Pollard & Yates, 1993), in order to standardize observations. Within each transect, papilionid butterflies were recorded within a 10-m distance on either side of the observer ensuring uniform sampling effort and minimizing observational errors. Capture-and-release techniques with the help of a butterfly sweep net was also used for accurate identification of individuals that could not be reliably identified through photographic records alone. In addition, opportunistic surveys were also conducted at the end of each sampling session to increase the likelihood of detecting additional species. The sampling session in adjacent microhabitats such as forest edges, puddling sites, flowering patches, and shaded understory areas increases the probability of detecting less common, seasonal, or habitat-specialist species that might not be encountered during fixed transect walks. Species identification was done using standard identification keys of (Evans ,1932, Talbot,1947, Haribal,1992 and Kehimkar, 2008).  Data analysis was carried out in MS Excel 2021 software.	
3. Results 
During the study, a total of 15 species of swallowtail butterflies belonging to the family Papilionidae are recorded across three genera from the Saiden Community Forest (Table 1). This finding reflects a considerable representation of papilionid diversity within the study area. Among the three genera recorded, the genus Papilio was observed to be the highest in number, accounting for 60% of the total species richness, the genus Graphium represented 23% of the total recorded species, while Troides was the least represented genus, contributing 17% to the overall composition (see Figure 2). Although Troides had fewer species, its presence is ecologically significant because members of this genus are often associated with specific host plant requirements. In terms of species-wise abundance, the species Papilio helenus helenus was observed as one of the most frequently encountered species under the genus Papilio, contributing 12.70% of the total observations. Within the genus Graphium, Graphium sarpedon accounted for 7.94%, indicating its moderate occurrence in the study area. Under the genus Troides, Troides helena was recorded at 10.48%, reflecting its notable presence despite the lower general representation. On the other hand, Papilio clytia and Papilio demoleus demoleus were the least recorded species, each contributing only 2.86% of the total individuals observed (see Table 1; Figure 4). Their lower abundance may be attributed to seasonal variation, limited host plant availability, or habitat preferences. The species accumulation curve illustrates the relationship between sampling effort (number of samples) and the cumulative number of Papilionidae species recorded in the Saiden Community Forest. At the initial stages of sampling (6 samples), no species were recorded, indicating low early detection. A sharp increase in species richness is observed between approximately 8 and 12 samples, where the number of recorded species rises rapidly from about 12 to 15. After 12 samples, the curve reaches a plateau at 15 species and remains stable despite further increases in sampling effort (up to 36 samples). The levelling off of the curve indicates that no new species were recorded beyond this point. This plateau suggests that the sampling effort was sufficient to capture most, if not all, of the Papilionidae species present in the study area during 2021. The overall nature of the curve demonstrates adequate sampling effort and the recorded total of 15 species is a reliable estimate of the actual papilionid species richness in the Saiden Community Forest for the study period. Importantly, out of the 15 species recorded during the study period, four species are protected under the Wildlife (Protection) Act, 1972. The occurrence of legally protected species within Saiden Community Forest underscores its conservation value and ecological importance.



Table 1: List of Papilionidae butterfly species recorded from Saiden Community Forest, 2021. C-Common, UC-Uncommon
	Sl. No.
	Common Name
	Scientific Name
	% of Abundance
	Category
	Status

	Family: Papilionidae

	1
	Tailed Jay
	Graphium agamemnon (Linnaeus)
	6.98
	C
	 

	2
	Chain swordtail
	Graphium aristeus anticrates (Doubleday)
	3.49
	UC
	Schedule II of WPA

	3
	Common Jay
	Graphium doson axion (Felder & Felder)
	4.76
	UC
	 

	4
	Common Bluebottle
	Graphium sarpedon (Linnaeus)
	7.94
	C
	 

	5
	Common Peacock
	Papilio bianor gladiator (Fruhstorfer)
	5.08
	C
	 

	6
	Common Mime
	Papilio clytia (Linnaeus)
	2.86
	UC
	Schedule II of WPA

	7
	Lime Butterfly
	Papilio demoleus demoleus (Linnaeus)
	2.86
	UC
	 

	8
	Red Helen
	Papilio helenus helenus (Linnaeus)
	12.70
	C
	 

	9
	Great Mormon
	Papilio memnon agenor (Linnaeus)
	11.43
	C
	 

	10
	Great Mormon
	Papilio memnon alcanor (Linnaeus)
	4.76
	C
	 

	11
	Paris Peacock
	Papilio paris paris (Linnaeus)
	7.30
	C
	 

	12
	Common Mormon
	Papilio polytes romulus (Cramer)
	8.89
	C
	 

	13
	Spangle
	Papilio protenor (Cramer)
	4.44
	UC
	 

	14
	Golden Birdwing
	Troides aeacus (C. & R. Felder)
	6.03
	C
	Schedule II of WPA

	15
	Common Birdwing
	Troides helena (C. & R. Felder)
	10.48
	C
	Schedule II of WPA




Fig 2: Genus wise percentage composition of Papilionidae butterflies from Saiden Community Forest
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Fig 3: Species accumulation curve of Papilionidae butterfly in Saiden Community Forest
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[bookmark: _neoka4gsln5x]Fig 4: Species-wise Abundance of Papilionidae butterflies recorded from Saiden Community Forest
4. Discussion
	
	Butterflies are said to be excellent pollinators, as well as good indicators of environmental quality. These wonderful creatures with their vivid colours, markings and patterns are unique to each other. Their susceptibility to habitat patterns and fragmentation makes them particularly valuable in assessing anthropogenic disturbances within ecosystems, as changes in their abundance and diversity often correlate with broader environmental degradation (Kioko et al., 2020). Community forests, characterized by their varied forest types and often incorporating indigenous forest edges, play a crucial role in providing essential ecological requirements, thereby supporting a diverse Papilionidae community (Gaigher et al., 2023). Such habitats often harbor a significant proportion of regional flora and fauna, including numerous butterfly species. This underscores the necessity of these areas for maintaining arthropod biodiversity, particularly in regions facing rapid agricultural expansion and habitat fragmentation (Rozenberg et al., 2018). Recognising the vulnerability of these insects, this study highlights the ecological significance of the Saiden Community Forest as a vital habitat for the family Papilionidae, documenting 15 species across three genera. The dominance of the genus Papilio (60%), followed by Graphium (23%) and Troides (17%), reflect a diverse assemblage of swallowtail butterflies typical of the northeastern Indian landscape. The recorded presence of high-frequency species such as P. helenus helenus (12.70%) and T. helena (10.48%) highlights the availability of suitable host plants and favorable microclimatic conditions within the community-managed forest (Deb et al., 2015). Conversely, the low abundance of species like P. clytia and P. demoleus demoleus (2.86% each) suggests potential sensitivity to habitat or seasonal fluctuations. The species accumulation curve for 2021 shows a rapid increase in the number of recorded species with increasing sampling effort during the initial phase of the survey. The sharp rise between 8 and 12 samples indicates that additional sampling substantially improved species detection. The curve subsequently reaches a plateau at 15 species, suggesting that further sampling did not yield any new species. This asymptotic trend confirms that the sampling effort was adequate to reliably estimate the Papilionidae species richness in the study area.
Significantly, the identification of four species protected under the Wildlife (Protection) Act, 1972, elevates the conservation status of this area. As community-managed forests often bridge the gap between human-modified landscapes and protected wilderness, the presence of these legally protected taxa heightens the urgent need for localized conservation strategies and long-term monitoring to mitigate anthropogenic pressures (Deb et al., 2015). These findings provide essential baseline data for future ecological research and the development of sustainable forest management practices in the region. Furthermore, according to the ecological status, the species were categorized as Common and Uncommon (see table 1). This highlights the critical need for biodiversity conservation within the study area, as continued habitat degradation and anthropogenic pressures may lead to the extinction of these species if current trends persist (Deb et al., 2015).  In view with the findings of the present study, several earlier investigations have reported higher butterfly (Papilionidae) diversity in moderately disturbed habitats compared to undisturbed areas (Spitzer et. al, 1993). Despite the ongoing deforestation, the area still supports a thriving diversity of Papilionids. 

5. Conclusion:

The investigation shows the ecological importance of Saiden Community Forest as a home for various types of swallowtail butterflies. The presence of multiple genera indicates differences in structure and resource availability in the landscape. Seasonal observations point out that the occurrence of species closely relates to favorable weather and habitat conditions. Finding legally protected species highlights the area's conservation value. The overall pattern of observations suggests a fairly stable butterfly community within the forest ecosystem. Good habitat management and less human disturbance will be key to maintaining this diversity. Ongoing long-term monitoring is recommended to track future changes and aid in informed conservation planning.
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