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Morphometrical Parameters on the Development of Common Jay Butterfly, Graphium doson (Lepidoptera: Papilionidae) on Ashoka Tree, Saraca asoca
ABSTRACT

The observations on the development and morphological appearance of common jay butterfly, Graphium doson (C. & R. Felder, 1864) were made on Saraca asoca (Ashoka Tree) in the campus of Gandhi Faiz-e-Aam College, Shahjahanpur, Uttar Pradesh, India. The complete cycle of metamorphosis was observed and it completed through various developmental stages via egg, larvae, pupa and adult stages. Eggs were usually spherical and smooth with a diameter of 1.10±0.09 mm. They were deposited singly on the lower or upper surface of the tender leaves and shoot of plant. The eggs hatched in 3.46±0.12 days and their life cycle started. The caterpillars passed through five larval instars to become adults. Their average size of early and late developmental stage was recorded as 2.12±0.12 to 5.60±0.16 mm, 6.50±0.14 mm to 7.60±0.16 mm, 8.60±0.16 to 14.56±0.19 mm, 16.10±0.15 to 23.00±0.19 mm and 26.80±0.18 to 41.60±0.21 mm for first, second, third, fourth and fifth instar, respectively. The average duration of above mentioned larval stages were 3.40 ± 0.12, 1.76 ± 0.09, 2.70 ± 0.11, 3.50 ± 0.12 and 4.60 ± 0.12 days. The colour of first and second instars was dark brown to black with white patch at the abdomen. The colour of third, fourth and fifth instar caterpillars were now become light to bright green before pupation. The pupa of Graphium doson is obtect type with average size of 28.80±0.23 mm. A black coloured adult butterfly with blue or greenish streak and spots emerged from the pupa after 8.40±0.15 day. The average wing span and longevity of butterfly were 68.20±2.33 mm and 13.40±1.16 day, respectively. The sexual dimorphism was displayed by the adult common jay butterflies, the female was slightly larger than the male. 
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1. INTRODUCTION

Butterflies play an important role in all ecosystems as pollinators and bioindicators. The development of butterflies has unique biological process which includes complete metamorphosis involving four distinct developmental stages i.e., egg, larva, pupa and adult. All these stages are necessary for the survival, growth, and reproduction of the butterfly (Yee, 2011). Among different species of butterflies, Graphium is a genus of more than 100 species belongs to the family Papilionidae of order Lepidoptera. The butterflies are large and related to the true Swallowtails (Williams, 2023). Generally they are variable in colour and pattern but the sexes of a particular species are very similar. They are rapid fliers and are not often seen feeding on flowers. It is widely distributed species and commonly found in tropical and subtropical regions of South and Southeast Asia (Rao et al., 2018). 

The growth and development of butterflies depend largely on their host plants on which they mostly feed during their larval stages. The host plants provide essential nourishment and influence for the whole duration and success of development. In addition to food availability, environmental conditions also affect their life cycle (Arun, 2021). The larvae of Graphium doson are oligophagous, primarily feeding on host plants belonging to the families Annonaceae, Lauraceae, and Magnoliaceae (e.g., species such as Annona muricata, Cinnamomum macrocarpum, Magnolia grandiflora, Michelia champaca, (Stratford, 2024). However, limited studies exist on its development on Saraca asoca (Ashoka), a culturally and medicinally significant tree belonging to the family Fabaceae (Khan et al., 2025). Understanding the development of G. doson on S. asoca under controlled or semi-natural conditions not only contributes to species specific biological knowledge but also supports in conservation planning, particularly in urban and semi-urban habitats (Khan et al., 2025).

Keeping the above facts in mind, present study aimed to document and analyzes the developmental biology of the common jay butterfly, Graphium doson on Saraca asoca, including measurements of size and duration at each developmental stage from egg to adult. The study also provided baseline data for ecological, conservation and educational purposes.

2. MATERIALS AND METHODS

Collection and Rearing of larvae and Butterfly:

The investigation on the developmental stages of common jay butterfly, Graphium doson were carried out on Ashoka trees (Saraca asoca) in the campus of Gandhi Faiz-e-Aam College, Shahjahanpur, Uttar Pradesh (27.8912°N Latitude and 79.9212°E Longitude). At the start of investigation, the butterflies seen on Ashoka trees were collected through net. However, the eggs and larvae were also collected from the leaves of infested plant of S. asoca in the month of October, 2023. The collected eggs and larvae from naturally infested trees were brought to the laboratory for the further investigation on morphometrics. To confirm the developmental stage, they were reared singly in plastic jar of different size (6 x 10 cm and 10 x 12 cm) depending upon the age of the larvae at room temperature coincided with the average temperature of 27±1ºC and relative humidity 65±5%. The fresh leaves S. asoca were supplied to the larvae every morning till the development of pupa and side by side larval excreta were removed daily to maintain cleanness in the jars. Moreover, exuviae of larvae were also observed during cleaning the jar to ensure the moulting of larvae in another instar. Finally, on emergence of adult from the pupa, they were transferred into the mosquito net maintain on the twigs or small tree of Ashoka plant for mating as well as egg laying. Thereafter, the twigs or plant were observed daily to see the egg laying. When eggs were laid on the leaves, they were plucked up and brought to the laboratory for the study of second generation. Further all above developmental pattern were followed to rear the common jay butterfly in the laboratory. 

Statistical Analysis: 

The duration of all the developmental stage such as eggs, larval instars, pupa and adult were recorded systematically and the measurements of every stage were taken from 10 specimens. To ensure the change in developmental stage, the shape and size were observed regularly. During larval development the measurements were taken two times, first just after hatching or moulting termed as early stage, and second before the next moulting referred as late stage. 

For the application of statistical analysis, the range and mean along with standard error of mean of each parameter such as size and developmental duration of egg, larva (I, II, III, IV and V instar), pupa and adult were recorded and tabulated. The data presented in table is prepared as pooled analysis of two generation.

3. RESULTS AND DISCUSSION

Common Jay butterfly, Graphium doson is widely distributed in South and Southeast Asia such as India, Nepal, Bhutan, Bangladesh, Myanmar, Thailand, Cambodia, Vietnam, China, Taiwan, Malaysia, Singapore, Indonesia, Philippines. Usually, it is found in moist deciduous forests, semi and evergreen forests, bamboo forests and grasslands (Stratford, 2024). The butterfly always feed on nectar sources from flowering plants, but the larvae prefer mostly plants species of Annona, Polyalthia, Michelia etc. They were gone through several taxonomic revisions over a time and were referring with different names historically such as Papilio doson, Arisbe doson, Papilio axion, Papilio Jason, Graphium choui. But recently, it is scientifically accepted as Common Jay butterfly, Graphium doson (Stratford, 2024).

Eggs:

Female generally hold the leaf and bend the tip of abdomen to oviposite the egg on under site of leave. Butterfly laid eggs singly and repeatedly touched the surface of the same as well as different leaves with the tip of its abdomen. The common jay butterfly, Graphium doson, undergoes complete metamorphosis, with its development progressing through the stages of egg, larva, pupa, and adult.
The eggs were usually spherical and smooth that were deposited singly both on lower and upper surface of the tender leaves and shoot of plant. The eggs were very small in size and measured as 1.10 to 1.20 mm in diameter (Table 1). Their incubation period varied from three to four days with average of 3.46±0.12 days, respectively (Table 1). The freshly laid eggs are creamy-white to pale yellow. The color of eggs gradually become darker due to the development of larvae inside (Yee, 2011 and Kumar, 2021) (Fig.1E). 


Larval Instars:

The newly hatched larvae were dark brown to black in colour with a white patch at the abdomen (Fig. 1A). They appeared just like bird droppings and showed camouflage to protect themselves from their predators (Ella et al., 2018). The size of first instar larvae ranged 1.90 to 2.00 mm just after the hatching from the eggs with average size of 2.12±0.12 mm at early stage. They reached up to 5.50 to 6.00 mm with an average of 5.60±0.16 mm at late stage coincided before moulting and change into another instar. Moreover, they moult in another instar with in 3.00 to 3.70 days. The average duration of first instar larvae was recorded as 3.40±0.12 days (Table 1). 

Just after first moulting, the size of second instar larvae was recorded as 6.50±0.14 mm (6.00-7.00 mm) and the full grown larvae of second instar measured as 7.60±0.16 mm (7.00-8.00 mm). They completed developmental duration of second instar with in 1.76±0.09 days (1.50-2.00 days) (Table 1). However, the colour of second instar larvae remained same as the first instar larvae (Fig. 1A). 

Although larval stage is the feeding stage of butterfly, the larvae use leaves for shelter and generally first and second instar larvae feed on the newly developed soft leaves to get the nutrition. However, some authors believe that host plants are essential for the survival of the butterfly and their life cycle influence with the changes of host plants (Horace, 2011 and Khan et al., 2025).

The body of third instar larvae becomes stout and cylindrical with a darker color compared to the second instar larvae (Fig 1A). The measurement of the newly hatched (early stage) of third instar larvae was observed as 8.60±0.16 mm with a range of 8.00-9.00 mm, which increased in size and reached up to 14.56±0.19 with a range of 14.0-15.00 mm during the late stage of third instar. The development of third instar stage was completed in 2.70±0.11 days with a range of 2.50-3.00 days (Table 1). The third instar larvae can feed on both tender and mature leaves of S. asoca (Khan et al., 2025).
After third moulting, the larvae entered to fourth instar stage and their color changed to bright green with whitish or yellowish oblique bands on each ventrolateral side of the body (Fig 1A). Initially, the size of fourth instar ranged from 15.00 to 17.00 mm with the average of 6.10±0.15 mm. At late stage of fourth instar larvae, size varied from 22.00 to 24.00 mm with an average of 23.00±0.19 mm just before fourth moulting. However, developmental duration of this stage ranged from 3.00 to 4.00 days (Table 1). The average duration of fourth instar stage was recorded as 3.50±0.12 days. This finding shoed corroboration with the findings of Khan et al., (2025), who reported that fourth instar larvae of G. doson completed development on S. asoca plants in 3-4 days.

After final moulting, the caterpillars entered in fifth instar stage, which are similar to the fourth instar larvae in colour, but differ only by possessing a pair of fleshy spines on the thoracic segments, known as tubercles. (Fig. 1B). The measurement of fifth instar larvae in early stage of development was recorded as 26.80±0.18 mm with a range of 25.00-28.00 mm, however, at late stage it showed extensive growth of 41.60±0.21 mm with a range of 39.00-44.00 mm as full grown caterpillars. The fifth instar stage of larval development was completed in 4.60±0.12 days with a range of 4.00-5.00 days (Table 1). The findings on the development of fifth larval instar caterpillar is well supported by Atluri et al. (2004), Jayasinghe & Rajapakshe (2025), and Khan et al. (2025) as they worked on the life cycle of different species of genus Graphium.

Pupae:

The final instar caterpillar become sluggish and transformed into the pupal stage, where they remained attached to the host plant. In the beginning of pupation, the larval skin splits behind the head and forming a pointed projection. The larva pushes its old skin beneath the girdle by alternate swelling and contraction of the body, eventually forcing the skin towards the posterior end. Finally, it takes about five minutes to completely emerge pupa from the old skin of larva. The average size of pupae of common jay butterfly was observed as 28.80±0.23 mm with a range of 27.00-30.00 mm. Generally, metamorphosis occurs during pupal stage, where larval characteristics disintegrate and the adult features of the butterfly develop. This process took an average of 8.40 ± 0.15 days for the complete development of the butterfly inside the pupa, with the developmental period ranging from 8.00 to 9.00 days (Table 1). 

The pupae of G. doson were elongated, angular and obtect type which were green in colour with yellowish bands and attached with surroundings leaves and stem (Fig. 1C). The colour and shape of pupa of G. doson camouflage with the leaf surface of plant of S. asoca. Similar pattern camouflage also recorded in another species Graphium such as G. sarpedon and G. agamemnon by Yee (2011) and Ella et al. (2018).

Adults:

Finally, adult butterflies were emerged from pupae which were black in colour with blue or greenish streaks and spots (Fig. 1D). They were slender in shape with bluish tinge and measured with open average wing span as 68.20±2.33 mm with a range of 60.00-75.00 mm. The average longevity of adults was recorded as 13.40±1.16 days with a range of 9.00-16.00 days (Table 1). The fore wings of G. doson were black with pale blue semi-transparent central wing bands running across diagonally that are formed by large spots. However, several bluish or greenish spots present towards the outer margin formed marginal series of smaller spots. The hind wing is similar to fore wings with characteristics of swallowtails. The supportive findings on the morphology of adult and life cycle of common jay butterfly are Kumar and Singh (2014) and Jayasinghe (2025).
4. CONCLUSION

The common jay butterfly (Graphium doson) successfully completed their development on Ashoka tree (Saraca asoca) and found as suitable host tree for feeding of caterpillars and reproduction of butterfly under controlled environment. The butterflies showed complete metamorphosis and therefore passed through various developmental stages such as eggs, larval instars (caterpillars), pupae and adults. The present study provided detailed information related to the variable size of different developmental stages and duration of the development with respect to their developmental stages. This information would be highly fruitful for the identification of G. doson and also useful to introduce them in ecologically biodiversity conservation system.
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Table 1. Morphometrical observations of common jay (Graphium doson) on Ashoka tree (Saraca asoca)
	Developmental Stage
	Size (in mm)
	 Duration (in days)

	
	Early Stage
	Late Stage
	

	Egg

(in diameter)
	1.10 ± 0.09 (1.10-1.20)
	3.46 ± 0.12 (3.00-4.00)

	Instar I
	2.12 ± 0.12 (1.90-2.00)
	5.60 ± 0.16 (5.50-6.00)
	3.40 ± 0.12 (3.00-3.70)

	Instar II
	6.50 ± 0.14 (6.00-7.00)
	7.60 ± 0.16 (7.00-8.00)
	1.76 ± 0.09 (1.50-2.00)

	Instar III
	8.60 ± 0.16 (8.00-9.00)
	14.56 ± 0.19 (14.00-15.00)
	2.70 ± 0.11 (2.50-3.00)

	Instar IV
	16.10 ± 0.15 (15.00-17.00)
	23.00 ± 0.19 (22.00-24.00)
	3.50 ± 0.12 (3.00-4.00)

	Instar V
	26.80 ± 0.18 (25.00-28.00)
	41.60 ± 0.21 (39.00-44.00)
	4.60 ± 0.12 (4.00-5.00)

	Pupa
	28.80 ± 0.23 (27.00 – 30.00)
	8.40 ± 0.15 (8.00 – 9.00)

	Adult 

(wing span)
	68.20 ± 2.33 (60.00-75.00)
	13.40 ± 1.16 (9.00-16.00)
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Fig. 1: Different developmental stages of common jay butterfly, Graphium doson


	A. Larval developmental stages (1st, 2nd, 3rd and 4th Instar)


B. 5th Instar larva 			C. Pupa 	


D. Adult butterfly			E. Egg of common jay butterfly on ashoka 
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