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ABSTRACT 
 

The swallowtail butterfly, Papilio schmeltzii, is endemic to the Fiji Islands and generally 

occurs in low density but there are some areas of higher local density such as Sigatoka and 

Koro Island. P. schmeltzii adults were found throughout the year but with dry and wet 

seasonal variation. High abundance was recorded for all the P. schmeltzii stages during the 

dry season (May to September). P. schmeltzii mainly occupies isolated forest edges and 

gardens near forested areas with a strong affinity for running water. At least two larval host 

plants were found to sustain populations of P. schmeltzii, Micromelum minutum and Citrus 

reticulata. All the immature stages of P. schmeltzii were located in shady areas and were 

usually found on M. minutum plants less than two metres high in field and in cage. Female P. 

schmeltzii laid eggs singly on the young foliage of M. minutum and usually on the lower 

surface in shaded areas. Activities such as chasing, feeding, oviposition and copulation of 

adult P. schmeltzii were diurnal and mostly high in the mornings and evenings. P. schmeltzii 

mainly utilized Stachytarpheta urticifolia plant species as nectar source. Direct predation was 

observed on the P. schmeltzii larva by a hemipteran bug that sucked fluid out of the larva’s 

body at Vatukarasa study site.   
 

P. schmeltzii was reared in a simply designed cage to observe its complete life cycle. Eggs of 

P. schmeltzii hatched 5 to 6 days (28 °C – 32.9 °C) following oviposition and were almost 

spherical, smooth and yellow in colour when laid, later changing to orange and then before 

hatching, black. P. schmeltzii had five larval instars and were found on top of the larval host 

plant leaves in shady areas. Probably for protection, the first four instars resembled bird 

droppings and the final instar has two colour variations (uniform green and tiger stripe) for 

the purposes of camouflage. The period of the larval stages ranged from 18 to 32 days (24.7 

°C – 32.9 °C). Furthermore, P. schmeltzii pupae also had two colour variations (green and 

brown) that depended on its surrounding area. The prepupal stage lasted for 1.8 to 2 days and 

the pupal stages lasted for 15 to 20 days (24.7 °C – 30.6 °C). Majority of P. schmeltzii 

pupated on its larval host plant and emerged from the pupa stage before 9 am.  

 

In P. schmeltzii adults, sexes were quite similar with few differences between males and 

female. Females were generally larger than males, had bigger abdomens (-as it carries eggs), 

and were dark brown in colour whereas males were black. The adult longevity period was 12 
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to 41 days in the cage. Copulation of P. schmeltzii ranged from 1 hour 28 minutes to 18 hours 

30 minutes. Number of eggs laid by the female P. schmeltzii in captivity was higher than that 

in their natural environment (in different localities within Fiji). The sex ratio of adults was 

3:2 for field and cage observation, for male and female respectively. P. schmeltzii is 

multivoltine and it can be estimated that it could have six to eight generations annually. 

However, the mortality rate was very high from eggs to adults and was highest in the young 

larval instars.  

 

Larval host plant suitability and oviposition preferences were investigated for P. schmeltzii 

larvae and adult by using four Rutaceae plants (Micromelum minutum, Citrus reticulata, 

Murraya koenigii and Euodia hortensis). From the results, larval and oviposition preference 

on these four Rutaceae plants was as follows: 1) M. minutum, 2) C. reticulata 3) M. koenigii 

and 4) E. hortensis. The phylogenetic relationship of P. schmeltzii and with eight other 

Papilio species of the Princeps (Menelaides) group was constructed and the results were 

similar to previous morphological (Hancock 1983b; 1992) and molecular (Zakharov et al. 

2004) analyses. P. schmeltzii butterflies are not under the IUCN – Threatened swallowtail 

butterflies of the world (Collin and Morris 1985) but are vulnerable due to restricted range 

and sensitivity to changes in land usage and predatory invasive species. Therefore, this study 

will provide understanding of ecology of P. schmeltzii that would assist in developing 

effective conservation strategies in managing this species in the future. 
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OVERVIEW OF THE THESIS  
 

This thesis is divided into six chapters. The chapter one is an introduction and literature 

review on the Family Papilionidae, and includes a review of Lepidoptera studies in the 

Pacific islands. The need for entomological studies in Fiji is also considered. In chapter two, 

the study area and the study species are described in detail. In addition, the abundance, 

distribution and activity patterns of P. schmeltzii and climatic variables that affect P. 

schmeltzii have been systematically studied. Little has been reported about the biology of P. 

schmeltzii in Fiji. Therefore, the biology, behaviour, morphology of all life stages has been 

investigated in chapter three. The plant – insect association is presented in chapter four 

including a study to determine the potential larval host plants for P. schmeltzii (using four 

rutaceous plants). No molecular work has been done on P. schmeltzii and its phylogenetic 

relationship with other Papilio species in the Pacific region, which is one of the objectives of 

my study and is discussed in chapter five. The final chapter (chapter six) contains suggested 

conservation measures and recommendations for future research on P. schmeltzii.  
 

The overall goal of the current research project is to investigate the distribution, biology, 

behaviour and threats to P. schmeltzii in the Vatukarasa area with a view to assess its 

conservation status. Specific objectives of this project were to:  

 

1. Verify the natural habitat of P. schmeltzii, its specific larval host plants and flowering 

plants as nectar sources for adults. 

 

2. Determine the influence of climatic factors on P. schmeltzii abundance and activities. 

 

3. Investigate P. schmeltzii current distribution in Fiji. 

 

4. Assess the major predation and disturbance threats to P. schmeltzii in Vatukarasa area.  

 

5. Investigate each stage of the P. schmeltzii life cycle in captivity and the behavioural 

aspects of P. schmeltzii.  

 

6. Determine the phylogenetic tree of P. schmeltzii using molecular assessment. 
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7. Make suggestions for conservation measures and recommendations for further 

potential study on P. schmeltzii. 
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CHAPTER 1  
INTRODUCTION TO THE SWALLOWTAIL BUTTERFLIES 
 

1.1 Introduction to Family Papilionidae (Lepidoptera) 

1.1.1 Taxonomy of Lepidoptera: Papilionidae 
 

Rhopalocera (all butterflies) is divided into two Superfamilies, Hesperioidea (skippers) and 

Papilionoidea (true butterflies), and together they form a monophyletic group (Sbordoni and 

Forestiero 1998). The swallowtail butterflies of the Family Papilionidae (Superfamily 

Papilionoidea) are well-known as they are large; brightly coloured and many species have 

tails on the edge of the hind wing tornus, although many lack a tail (Reed and Sperling 2006). 

The Family Papilionidae is distributed worldwide (Braby 2000), with about 600 species in 26 

genera arranged in three subfamilies (Resh and Carde 2003). The Family Papilionidae is well 

established in subtropical and tropical regions and with their greatest richness in the Old 

World tropics (Reed and Sperling 2006).  

 

Family Papilionidae is sub divided into four subfamilies; Baroniinae, Praepapilioninae, 

Parnassiinae and Papilioninae (Munroe 1961; Hancock 1983). The subfamily Papilioninae 

comprises of 509 species in 14 genera (Braby 2000) with an overall cosmopolitan 

distribution. Major host plant families are Annonaceae, Aristolochiaceae, Canellaceae, 

Hernandiaceae, Lauraceae, Rutaceae, Magnoliaceae, Winteraceae and Asteraceae (Vane-

Wright and Ackery 1984; Igarashi 1984).  

 

The subfamily Papilioninae is divided in three tribes: Leptocircini, Troidini and Papilioniin. 

The Tribe Papilionini has about 225 species (Reed and Sperling 2006). Hancock (1983) 

revised the classification of the Papilionidae, dividing the genus Papilio Linnaeus into six 

genera (Pterourus Scopoli, Heraclides Hubner, Eleppone Hancock, Chilasa Moore, Papilio 

Linnaeus and Princeps Hubner) and assigning all the species in the Family into species-

groups (Hancock 1985). Papilio is distinguished by three morphological features of the male 

and female genitalia (Braby 2000). Amynthor group (amynthor, schmeltzii and godeffroyi) is 

part of the subgenus Menelaides of the genus Princeps Hubner. Subgenus Menelaides is 

distributed in Oriental and Australian regions and slightly extending to temperate Asia and 
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also occurs in Africa, with nearly 60 species, divided amongst 10 species-groups. The larval               

food plant is mainly Rutaceae (Hancock 1983).  

 

1.1.2 Systematics of the Amynthor and Aegeus Groups (Genus Papilio) in the Pacific 
Islands  

 

Genus Papilio is a very small group in the Southwest Pacific and its representatives are found 

in Papua New Guinea, Solomon Islands, Vanuatu, New Caledonia, Australia, Fiji and Samoa 

(Figure 1.1). The dispersal of Papilionidae between Southeast Asia and Papua New Guinea is 

unidirectional, from west to east. The amynthor and aegeus groups are closely related 

species-groups, allied to the fuscus group. They share adult pattern characteristics, especially 

the colour patterns of the underside of the hind wing, and larval characteristics (Hancock 

1983b). The fuscus group differentiated in Sundaland and the amynthor/aegeus assemblage in 

the Papuan region. The fuscus group differs from the amynthor and aegeus groups as it has a 

smooth pupa and have few tubercles in the mature larva. The amynthor and aegeus groups 

have a roughly textured, curved pupa and further development of tubercles in the mature 

larva (Hancock 1983a).                 

 

Amynthor, schmeltzii, and godeffroyi all belong to the amynthor group and the aegeus group 

consists of inopinatus, bridgei, weymeri, gambrisius, tydeus and aegeus. The amynthor group 

represents a primitive form since it has tailed hind wing and lacks sexual dimorphism. The 

aegeus group represents a derived condition with the loss of the tail and presence of sexual 

dimorphism. These two groups are analogous in structure of the male genitalia, larval and 

pupa morphology and separated on adult morphological features (Hancock 1983b).                                          

 

P. amynthor has two subspecies (P. amynthor and P. amphiaraus) and is recorded from New 

Caledonia, the Loyalties and Norfolk Island. P. schmeltzii and P. godeffroyi are endemic to 

Fiji and Samoa, respectively. These three species have very similar male genitalia. P. 

amynthor is closest to the ancestral form. In P. schmeltzii and P. godeffroyi the pale band on 

the hind wing is reduced on the underside to a narrow postdiscal line and a bit reduced on the 

upper side, however, the reduction is greater in P. godeffroyi. In P. godeffroyi, the pupa 

attaches to the midrib of a leaf, rather than to a stem or twig. Thus, there is an increased 

specialisation from P. amynthor to P. schmeltzii to P. godeffroyi (Hancock 1983b).  
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Figure 1.1: Map of Papua New Guinea, Australia and Pacific Islands (Part of South West 

Pacific) showing the distribution of Genus Papilio Linnaeus, 1758. Numbers represent the 

number of Papilio species found in each island group. Sources: Australia (Braby 2000), Fiji 

(Robinson 1975), Samoa (Hopkins 1927), New Caledonia (Holloway and Peters 1976), 

Papua New Guinea (Parsons 1999), Vanuatu (Tennent 2004), and Solomon Islands (DeRoller 

2002). (Adapted from World budlist directory and Oceania maps). 

 

1.2 Study of Lepidoptera in the Southwest Pacific Islands 

1.2.1 Origin and Distribution of Flora and Fauna of the Southwest Pacific Islands 
 

The biota of the Southwest Pacific islands is of Oriental origin - that is most of the marine 

and terrestrial biota of the Pacific are populated from New Guinea and the Indo – Malayan 

region (Southeast Asia) (Usinger 1963; Van Balgooy et al. 1996). Most Pacific islands are 

arranged in lines or arcs; this creates dispersal corridors for taxa migration along island 

chains from west to east direction (Usinger 1963, Thorne 1963) but due to innumerable 

restriction of geography and time (Smith 1979), this pattern is not absolute because New 

Britain, Solomon Islands and Vanuatu arc systems illustrate migration in southwest direction. 
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Arc migrations have reduced the inter island water gaps, making island-hopping easier during 

Pleistocene times of lower sea level (Polhemus 1996).  

 

The Solomon Islands, Vanuatu, Fiji, Tonga and Samoa have essentially Indo – Malayan – 

Papuan – Melanesian biota, but the number of families, genera, and species of flora and fauna 

along the island arcs show attenuation and impoverishment from the source area of Southeast 

Asia, Papua New Guinea and the large Melanesian islands to Polynesia (eastward) with 

increasing distance (Bryan 1963, Thorne 1963, Hope 1996, Van Balgooy et al. 1996, Keast 

1996b). The dominant affinities to tropical Southeast Asia illustrated by southwest Pacific 

biota and the west-east attenuation pattern in the Pacific Basin is evident through 

documentation on Pacific native avifauna (Keast 1996a), Sapotaceae (Thorne 1963), 

Polypodiaceous ferns (Van Balgooy et al. 1996), cicadas (de Boer and Duffels 1996), 

Dolichopodidae flies (Bickel 1996), Macrolepidoptera (Robinson 1975), land snails (Cowie 

1996), reptiles (Allison 1996), and mammals (Flannery 1996). The decreasing numbers of 

many taxa on islands as one proceeds eastward in the Pacific, could be due to isolation (the 

distance effect), inability for biota to cross water barriers, island area, availability of diverse 

habitats and island height or just simply due to smaller size of islands in the same direction 

(Keast 1996b).   

 

Gressitt (1961) also found that Samoan, Tongan and Fijian faunas are analogous, differing 

only in degree and much more disharmonic than the Papua New Guinea – Solomon Islands 

fauna (Thorne 1963). About 30% of Fijian species have a range which extends to Samoa 

(Robinson 1975). The biota of both Samoa and Tonga are more depauperate and basically a 

numerically attenuated version of the Fijian fauna (Keast 1996a). The Fiji Islands is the 

secondary centre of radiation for much of the Pacific island biota (Gressitt 1956) and has high 

proportions of endemic genera and more endemic radiation than any other Pacific island 

group (Van Balgooy et al. 1996). Endemism at the species level is 61.4% for Fiji (Keast 

1996a). About 60% of non-endemic species of Fiji range further eastward into the Pacific 

(Robinson 1975).  

 

1.2.2 Distribution and Endemism of Lepidoptera in the Southwest Pacific Islands 
 

Lepidoptera found on all islands of the southwest Pacific have strong affinities to 

Papuan/tropical Asian region (Munroe 1996). The distributional pattern of butterflies 
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(Papilionoidae) illustrates species decline from west to east, as island size also decreases from 

west to east; Bismarck 157, Solomons 121, Vanuatu 57, Fiji 41, Samoa 31 and Tonga 28 

(Adler and Dudley 1994; Munroe 1996). The low-lying atolls of Kiribati, Marshall, Tuvalu, 

Phoenix, and Tokelau all have very few butterflies (Munroe 1996). Larger, older, high and 

remote islands have richest fauna with relatively large proportion of endemic species when 

compared to atolls (Usinger 1963; Lobban and Schefter 1997; Whittaker 1998). 

 

Adler and Dudley (1994) carried out a study on 26 tropical Pacific archipelagos looking at 

butterfly distribution in terms of the effects of geography on diversity and endemism. The 

tropical Pacific Ocean butterfly fauna consists of 285 species in four families, (Nymphalidae, 

Pieridae, Lycaenidae and Papilionidae), of which 100 are endemic to a single 

island/archipelago and 28 are regional endemics. The endemic butterflies of the Pacific 

islands have little or no radiation (Munroe 1996).  

 

Southeast of the Solomon Islands there is an abrupt drop-off in endemic Papilionoidae (there 

is no butterfly endemism in Vanuatu and Rotuma). Endemic butterflies of the Bismarcks and 

Solomon Islands are closely related to Papua New Guinea species and also show a higher 

level of endemism than the eastern Pacific islands, as they are large archipelagos and closest 

to source areas (Munroe 1996). The papilionid fauna of New Guinea is derived entirely from 

the oriental region and from New Guinea dispersal took place to the Solomon Islands, 

Vanuatu and New Caledonia and then from New Caledonia the P. amynthor group radiated to 

Fiji and Samoa. Dispersal to the Solomons and New Caledonia appears to have been from SE 

Papua New Guinea, whereas dispersal to Vanuatu was most likely from the Solomon Islands 

(Hancock 1983). 

 

1.3 General Morphology of the Life Stages of Genus Papilio   
 

Egg: Butterfly eggs are stored in the female’s abdomen and grow in size. When it reaches a 

certain size, the male sperms that are stored within a receptacle in the female abdomen, 

fertilizes the eggs just before egg laying. The Papilionidae produces smooth spherical eggs 

and comes in many different sizes, colours (white, green, and yellow) and textures that vary 

from one species to another. A thin, tough, shell called chorion protects the eggs (Vane-

Wright and Ackery 1984; Col 1996; Hoskins 2008). 
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Larva: Larvae have a segmented body consisting of a head, a thorax (with three pairs of 

jointed legs with hooks) and an abdomen (usually with five pairs of stumpy pro-legs – which 

help in climbing). Its primary function is to eat and grow, and has powerful mandibles that 

easily tear plant materials into small pieces. Most larvae are restricted to certain type of 

plants. Consequently, the two maxillae (smaller mouthparts) located underneath the 

mandible, have cells that detect chemicals on the larval host plant, which tells the larva if it is 

the correct plant to eat or not. The larva breathes through spiracles (pores) located on the 

thorax and abdomen and sense touch through tiny hairs (setae) that are all over the larva’s 

body. Larvae produce silk from the spinneret (opening of the silk gland, found on the larva's 

lower lip) to support themselves. Larvae of Papilio species moult four or five times and each 

stage is known as an instar (Col 1996).  

 

Larvae are easy targets for predators, as they are soft bodied and slow moving. Larvae come 

in many colours and patterns perhaps providing protection against predators. They have 

different defence mechanisms; some brightly coloured larvae are poisonous and toxic, some 

blend into their surroundings by camouflage. Many Papilio larvae look like bird droppings in 

first few instars and have colour and texture matches with the larval host plant leaves in the 

final instar. Some encase themselves in folded leaves to hide and all give off bad a odour 

from the osmateria, when the larva is threatened and lastly some have eyespots on their body 

to make them look like a bigger, more dangerous animal, like a snake (Col 1996). 

 

Pupa: In the pupal stage, the larva is encased in a chrysalis (hard shell covering), and 

undergoes metamorphosis and wing development. The swallowtail butterfly pupae usually 

attach to stems and twigs by the support of the girdle (bands of silk) around the mid-section 

and cremaster (a support hook at the abdominal end of a pupa) (Col 1996). Hancock (1983b), 

Vane-Wright and Ackery (1984), and Braby (2000) have reported the colour variation in 

many Papilio pupae; this is to blend into their environment thus hiding them from predators. 

 

Butterfly: A butterfly’s body consists of head, thorax, and abdomen with two pairs of broad, 

usually colourful, scaly wings; two segmented; three pairs of jointed legs and compound 

eyes. The head is composed of two compound eyes that see ultraviolet rays to recognize 

colour, pattern and nearby movement. It also has proboscis which is a slender, straw-like tube 

used to drink nectar – their food, pharynx, two antennae with club at the end of each (sense of 

feel, smell, balance and orientation). Johnston's organ located at the base of a butterfly’s 
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antennae (maintain sense of balance and orientation, mostly during flight), and sensory palps 

placed on each side of the proboscis (covered with sensory hairs and scales that test whether 

something is a food or not). The thorax is divided into three segments; each segment has a 

pair of jointed legs and four wings are attached to the thorax. At the end of each of its six legs 

are specialized sensory organs (that help them select plants on which to lay eggs and to locate 

nectar) and have grasping claws (tarsi) that aid in tasting, walking, climbing and roosting. 

Spiracles along the sides of the thorax and abdomen allow air (oxygen) to enter directly to the 

cells and expel carbon dioxide too (Col 1996). 

 

A butterfly has two pairs of wings attached to the second and third thoracic segments (the 

meso- and meta-thorax). Butterfly wings are made of tough membrane, made even stronger 

by tubular veins and covered by thousands of tiny scales (structured like short, tiny hairs), for 

protection of wings and providing insulation. Millions of tiny layers of scales produce the 

colourful patterns on butterfly wings. The vibrantly coloured wings of the butterfly have 

many functions. They are brightly coloured for warning to predators as bad-tasting 

butterflies, attracting and recognising mates. Mimicry such as eye-like designs on the wings 

to startle a predator to think that it is a much dangerous and bigger animal, also this attracts 

the attention of predators to the wings and avoids the attack to the body. Wings have earthen 

colour and pattern to blend into their environment and hide them from predators 

(camouflage). The butterfly’s abdomen has ten segments but only seventh and eighth 

segments are clearly seen and the others are fused. The abdomen contains the heart, 

malpighian tubules, reproductive organs, spiracles, and the digestive system (Col 1996).  

  

1.4 Ecology of Genus Papilio 
 

Oviposition: Papilio butterflies lay their eggs singly on the food plants that will be consumed 

by the larvae. In the tropics, eggs are often glued underneath the leaves of trees and bushes, 

where they are protected from rain, and from the desiccating effects of hot sunshine. Eggs of 

tropical butterflies usually hatch within a week, but in temperate areas, it takes 10-14 days as 

they are temperature dependent (Saxena and Goyal 1978; Nishida 2005; Hoskins 2008).  

 

Larval Host Plant Selection:  Butterflies spend a vast amount of time touching foliage to 

determine whether the plant is of the right species for egg laying because most species have 

specialised diets (larvae will only eat the leaves of one or two species of plant, and will die if 
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they find themselves on the wrong type of plant). All female butterflies have contact 

chemosensilla on the underside of their forelegs. When they land on a leaf these sensilla, 

puncture the surface, releasing compounds that are detected by the taste sensors. The eggs 

usually are laid on tender underside of the young leaves or buds. They also have to be laid on 

plants that are growing in very specific conditions - just the right degree of shade, just the 

right conditions of temperature and humidity, and at a height on the plants where they will 

not be eaten by herbivores (Saxena and Goyal 1978; Sims 1980; Nishida 2005; Minno et al. 

2005; Hoskins 2008).  

 

Temperature Regulation: Butterflies are cold-blooded insects and their bodily functions 

depend on their surrounding temperature. Butterflies' internal body temperature is about 28˚C 

and they cannot move their wing muscles, if the temperature drops which means they cannot 

look for food or escape from predators. At night, butterflies roost, by taking shelter on leaves, 

branches or on artificial structures to protect themselves from the fall in temperature. During 

the day, the butterflies will bask with their wings open to absorb heat from the sun so they 

can fly. Sometimes, butterflies will rest on warm rocks or cement to soak up the heat from it. 

In the warm weather, a butterfly closes its wings shut thus the sun hits the narrow edge of its 

wings rather than the broad side. At times, the sun does not provide enough warmth therefore 

the butterfly moves its wings in tiny increments in each direction, slowly warming the 

muscles and eventually, it is able to fly (Karlsson and Wiklund 2004; Wilson 2008; Ashton et 

al. 2009).  

 

Eating and Puddling: Flowering plants produce nectar that is the primary source of energy 

for the butterflies. However, they have other dietary needs too. Butterflies need nutrients and 

minerals to fly and reproduce, which are not found in the nectar produced by flowers (Krenn 

et al. 2001; Knopp and Krenn 2003; Molleman et al. 2005). Some butterflies (especially 

Nymphalidae and Lycaenidae) also drink juices from fruits and others drink the juices from 

the surface of rotting fruits (Watanabe et al.1988; Kinoshita et al.1999; Koshitaka et al. 

2004). Many butterflies drink from very shallow, still water to get enough minerals and salt. 

This water has absorbed minerals from the soil underneath it that supplement their diet. This 

behaviour is called puddling (Arms et al. 1974; Boggs and Jackson1991; Becks et al.1999; 

Ola and Arcía –París 2005; Otis et al. 2006).     
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Predators and Parasitoids: All stages of the butterfly lifecycle are threatened by parasitism.  

The minute wasps that inject their eggs into the eggs of butterflies, the wasp larvae feed on 

the developing larva within, and emerge as adult wasps from holes in the butterfly eggs. 

Other wasps such as Apanteles and Ichneumon, and flies (Tachina) spend their larval stage 

feeding within the bodies of butterfly larvae, which die shortly after the parasitoids leave the 

larvae body. Other tiny wasps, including the Pteromalus puparum, attack newly formed 

butterfly pupae. Adult butterflies however are killed in huge numbers by insectivorous birds, 

dragonflies and spiders. Orb spiders catch butterflies in their webs, and crab spiders lie in 

wait on flowers, to ambush butterflies that visit them for nectar. Large numbers of larvae are 

eaten by birds and lesser numbers by heteropteran bugs, solitary wasps and other predators 

(Stiling 1988; Lyytinen et al. 2004; Freerk et al. 2005; Williams 2007; Garraway et al. 2008; 

Hoskins 2008).  

 

Population Dynamics in Natural Environment:  Predation, parasitism, disease and fungal 

attacks cause decline in population numbers (Stiling 1988; Williams 2007; Garraway et al. 

2008). A butterfly has the capability to lay 500 or more eggs, but in reality, only about 50 are 

laid on average, as most females die before they are able to lay all their eggs. Maybe 47 

(95%) eggs will hatch and at least 90% of the larvae will be killed by predators, parasites, or 

from disease, leaving just four or five to reach pupation. Over half of the pupae will be eaten, 

or killed by parasites, or die from desiccation, fungal attack, or other causes (leaving only two 

butterflies to emerge). When the butterflies emerge from the surviving pupae, as many as half 

of them would die before they are able to mate or to lay eggs. Despite the ability to produce 

500 eggs, just a single butterfly will survive to produce another generation (Aubert et al. 

1996; Nouhuys and Laine 2008; Hoskins 2008).  

 

1.5 Oviposition Stimulant of Genus Papilio  
 

In the family Papilionidae, most butterflies are oligophagous (Roessingh et al. 1991; Honda 

and Hayashi 1995b; Carter et al. 1998) but some show a narrow range of preference spectra 

from one or only a few plant families (Feeny 1991; Ono et al. 2000a; Scriber et al. 2008). 

Major host plant families exploited by tribe Papilionid butterflies include Aristolochiaceae, 

Rutaceae, Annonaceae, Magnoliaceae, Lauraceae and Apiaceae (Nakayama and Honda 

2004). However, 80% of swallowtail species in the genus Papilio utilize Rutaceae plants as 

hosts (Igarashi 1984; Miller 1987). A gravid swallowtail female locates potential host plants 
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for oviposition from among many species of plants on the basis of visual cues (Ilse 1937; 

Vaidya 1969), olfactory stimuli (Saxena and Goyal 1978; Baur et al. 1993) and by drumming 

the surface of leaves with their fore tarsi to detect the suitable chemicals stimulants (Ilse 

1937). The specific chemical oviposition stimulants present on the leaf surface, in the host 

plant are perceived by chemotactiles sensory receptors located on the ventral surface of the 

female’s forelegs, which eventually induces oviposition (Ma and Schoonhoven 1973; Calvert 

1974; Ichinose and Honda 1978; Abe et al. 1981; Baur et al. 1998). 

 

Studies of chemical interactions between herbivorous insects and plants have established that 

acceptance or rejection of the given plant by phytophagous insects is determined mainly by a 

reciprocal balance of activities of plant secondary metabolites serving as stimulants or 

deterrents. In Lepidoptera, plant metabolites with little nutritional importance to larvae are 

dominant determinants of host selection by ovipositing females, whereas sugars, which are 

essential nutrients, do not exert a synergistic effect on oviposition (Honda 1990; Honda and 

Hayashi 1995a; Nakayama et al. 2003). Chemistry of plants plays a major role in host plant 

recognition by swallowtail butterflies (Carter and Feeny 1999; Scriber 2002), hence 

oviposition is determined by the presence or absence of stimulants and deterrents (Ono et al. 

2000b).  

 

Contact oviposition stimulants have been identified for several Papilio species (P. xuthus, P. 

macckii, P. polyxenes, P. polytes, P.  bianor and P. protenor), all of which showed a polar 

nature, including flavonoids, hydroxycinnamic acids, amino acids, sugar-related acids, 

alkaloids, phenethylamine bases, amphoteric compounds and cyclitols (Honda 1986; Feeny et 

al. 1988; Honda 1990; Ohsugi et al. 1991; Honda and Hayashi 1995b; Honda 1997; Carter et 

al. 1998; Carter et al. 1999; Carter and Feeny 1999; Ono et al. 2000a, b; Nakayama et al. 

2003). Abe et al. (1981), Ohsugi et al. (1985), Nishida et al. (1990), Ono et al. (2000a) and 

Nakayama et al. (2003) all illustrate that the Papilionid are host specific and the oviposition 

activity was found in the aqueous methanol extracts from host plants. 

 

Oviposition deterrents have been identified for P. xuthus (Nishida et al. 1990), P. protenor 

(Honda and Hayashi 1995a) and P. polytes (Nakayama and Honda 2004). P. xuthus and P. 

protenor do not oviposit on O. japonica and one of the oviposition deterrent compounds 

isolated as to P. xuthus was Quercetin. In contrast, O. japonica is a major host plant for P. 

macilentus and P. bianor. P. protenor was highly sensitive to Phellamurin from P. amurense; 
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whereas P. xuthus was less susceptible. This gives an insight into possible co-evolutionary 

herbivore-plant relationships and potential shifts in host affiliation. P. xuthus appears to be 

overcoming the chemical barrier of Phellamurin, that is different from Citrus flavonoids in 

chemical composition. On the other hand, P. amurense is a primary host plant of P. maackii 

and is also utilized frequently by P. bianor as a secondary host (Fukuda et al. 1982). 

Furthermore, Phellamurin is contact oviposition stimulant for P. maackii (Honda 1997). 

Oviposition by P. memnon in Japan which feeds and oviposits exclusively on Citrus species 

is weakly deterred by Naringin. Oviposition deterrent, Trigonelline was isolated from 

Murraya paniculata for P. polytes (Nakayanma and Honda 2004). 

 

1.6 Larval Host Shift of Genus Papilio 
 

Comprehensive investigations are needed on the plant chemicals that govern behaviours 

(feeding and laying eggs) to determine whether or not papilionids have coevolved with their 

host plants, and how they have accomplished drastic host shifts, probably from 

Aristolochiaceae, through Magnoliaceae, Lauraceae, Annonaceae, and Rutaceae, then 

eventually to Apiaceae and Asteraceae. Scriber (1984), Berenbaum (1995), Carter et al. 

(1998), Nakayama et al. (2003) and Scriber et al. (2007) have all reported that family-level 

host plant shifts (partially or completely) from the Rutaceae to the Apiaceae within the genus 

Papilio (tribe Papilonini) have occurred for at least three lineages. Dethier (1941) suggested 

that the present Apiaceous- feeding Papilios, originally fed upon Rutaceous plants and the 

transition from one plant family to the other took place because of the presence of identical 

attractant chemicals in both families. 

 

Natural enemies play an important role in the mortality of herbivorous insects and therefore 

important agents of natural selection. The Alaskan swallowtail butterfly, Papilio machaon 

aliaska, uses larval hosts in the family Apiaceae (Cnidium cnidiifolium) along with two 

Asteraceae species (Artemisia arctica and Petasites frigidus). Growth and survival of P. 

machaon aliaska larvae on the three larval host plants were studied with exposure and 

protection from predators. The results showed that in the presence of predators, larval 

survival and growth was greater on the new hosts (Asteraceae) than on the ancestral host 

(Apiaceae) and vice versa in the absence of predators. The results demonstrate that enemies 

have played a significant role in the establishment of a new larval host association and 

enemy-free space as a mechanism for maintaining a naturally occurring larval host expansion 
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or shift in a natural system. One of the factors that could cause larval host shift is the similar 

chemical cues shared by the three larval host plants. Even though similar host-plant chemistry 

was possibly an essential first step, enemy-free space may be the force that drives the larval 

host shift by P. machaon aliaska (Murphy. 2004).  

 

1.7 Invertebrate Studies in Fiji   

1.7.1 Importance of Entomological Survey in the Fiji Islands 
 

The Fiji Islands are part of the Melanesia biodiversity hotspot, recognised as one of 25 key 

locations for conserving the world’s biodiversity by Conservation International. A large 

proportion of the biodiversity in Fiji is endemic, but the distribution and population status of 

some taxa is virtually unknown. Fiji’s fauna is mostly composed of invertebrates. However, 

very little information has been published on arthropod fauna of Fiji (Waqa-Sakiti 2007). At 

present, deforestation is the most critical threat to the decline of endemic biota in Fiji 

(Kirkpatrick and Hassall 1985; Mueller-Dombois and Fosberg 1998; Farley el at. 2004; 

Morrison 2005). Therefore, the need exists to determine the ecology, biology, taxonomy, and 

biodiversity of these endemic species for better conservation schemes and management 

strategies due to increasing urbanization and agricultural activity in the Fiji Islands. One of 

the major restrictions faced by researchers in entomological studies in the Pacific islands is 

lack of local expertise in this area. As a result, data deficiency on the ecology and taxonomy 

of Fiji’s invertebrates such as stick insect, beetles, freshwater macro-invertebrates, land 

snails, butterflies and moths may hinder effective conservation measures for these unique 

taxa among our island groups. Thus studies relating to insect taxa in Fiji will provide 

information that can enable us to identify the threatened and endangered endemic species, 

construct appropriate conservation design and provide evidence to support ecosystem 

conservation in this region. 

 

1.7.2 History of Rhopalocera Survey in Fiji 
 

Fiji has more than 400 species of Macrolepidoptera, of which 44 species are Rhopalocera 

(butterflies) and 400 species are Heterocera (moths) (Robinson 1975; Clayton 2002). The Fiji 

Islands have four endemic butterfly species, seven species that are found in the Pacific and 

twenty eight species that are found on continents (Adler and Dudley 1994). The collection of 

Lepidoptera in Fiji Islands began in the mid 1800s, mostly by ship crews that visited the 
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islands, collecting mainly Rhopalocera at that time. Almost all of the species collected rest in 

the British Museum (Natural History) in London (Robinson 1975). Robinson made a 

significant contribution to information on Macrolepidoptera of Fiji, since 1966 – 1975. His 

work comprised of identification of different species, larval host plants, localities and 

endemism of Fijian macrolepidoptera. Prasad & Waqa-Sakiti (2007) did an inventory on 

Fijian Rhopalocera and published a guide to Butterflies of the Fiji Islands. 

 
1.7.3 Study Need for Papilio schmeltzii in Fiji 
 

P. schmeltzii is Fiji's largest butterfly and the only Papilionidae found in Fiji. P. schmeltzii is 

of particular interest as it is endemic to Fiji Island archipelago. Gottlieb August Wilhelm 

Herrich-Schaeffer (a German entomologist) first described P. schmeltzii in 1869. 

Unfortunately, all Schaeffer's records and specimens were destroyed when the city of 

Dresden in Germany was bombed in 1945 during World War II. The information about P. 

schmeltzii is derived from studies by Mathew (1885), Robinson (1975) and Hancock (1983a; 

1983b). However, the available literature shows only very few notes published on this 

species. No further research has since been done on this butterfly - hence very little is known 

about its variation, ecology and biology. Thus, it is in much need of study as it has evolved in 

isolation only in the Fiji Islands. Although P. schmeltzii is not considered endangered at 

present, their predominant forest habitat and low numbers could render them vulnerable to 

anthropogenic influences, especially logging of forests. Further destruction of its forest 

habitat due to increasing infrastructure expansion may cause the small population on Viti 

Levu to decline into extinction. Therefore, it is important that the ecology and population 

dynamics of the P. schmeltzii are better understood in order to predict how further habitat 

degradation and fragmentation will affect this species. No published studies have 

systematically recorded its life cycle, abundance of different life stages, activity patterns, and 

larval host preferences. Therefore, this investigation was undertaken which is expected to add 

to our knowledge valuable information concerning its biology, behaviour and distribution, 

which can help in conservation measures for this unique species.       
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CHAPTER 2  
THE ECOLOGY, ACTIVITIES AND PHENOLOGY OF Papilio schmeltzii 

BUTTERFLIES IN VATUKARASA, SIGATOKA AND ITS 

DISTRIBUTION IN FIJI 
 

2.1 ABSTRACT 
 

The activity patterns of Papilio schmeltzii butterflies were observed in the Vatukarasa Area in 

Korolevu, Sigatoka, over the course of a year. However, differences among the composition 

of butterfly stages with respect to seasons were found. Greatest abundance of P. schmeltzii 

stages were recorded during the months of May to September, during the dry season. Adults 

and larvae were the most abundant when compared to eggs and pupae, and showed the 

greatest variation with respect to distribution of life cycle throughout the year. P. schmeltzii 

females oviposited on the young saplings of Micromelum minutum, which was shorter than 

its surrounding vegetation. Immature stages of P. schmeltzii were found singly on the larval 

host plants (M. minutum) in shady areas. The proportion of P. schmeltzii males to females 

was found to be 3:2 at the Vatukarasa study site.  The activities of adult P. schmeltzii showed 

two peaks during early mornings and evenings at the margin of the forest and most of the 

chasing, oviposition and foraging was observed inside the forest during the day. Direct 

predation was observed on the P. schmeltzii larva by a hemipteran bug that sucked fluid out 

of the larva’s body. P. schmeltzii is currently known to occur at four localities on the 

mainland and ten localities in the outer islands with high abundance in Sigatoka and Koro 

Island. 

 

2.2 INTRODUCTION 
 

One of the most important aspects of the population dynamics of insects is their phenology or 

activity patterns over the course of a year. Phenology, with respect to insects is known as the 

study of the seasonal timing of recurring biological events such as growth, development, 

reproduction, dormancy and migration in relation to diverse climatic or vegetation factors, 

length of photoperiod, temperature, precipitation, moisture, seasonality of vegetation, food 

availability, and food quality in the environment (Tauber et al. 1986; Shapiro et al. 2004).  
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Seasonal patterns of biological events in the tropics differ from those in the temperate zone 

because temperate regions have clearly defined and predictable seasons with extreme cold 

and hot periods – cold periods prevent growth and activity in most of the insect taxa. In the 

tropics, seasonal changes in temperature are relatively small but are marked by dramatic 

seasonal fluctuations in dry and wet seasons. High diurnal temperatures and large variations 

between maximum and minimum temperatures are characteristic of the wet season, while dry 

season temperatures are lower and usually more stable, with fewer variations between 

maximum and minimum temperatures (Tauber et al. 1986).  

 

Like other arthropods, butterfly life cycles are strictly linked to seasonal changes (Owen 

1971) and are poikilothermic (May 1979; Willmer 1982). To conduct daily essential activities 

such as feeding, mating and oviposition, adult butterflies rely on flight and as butterflies are 

heliothermic, flight is dependent upon sunlight (Shapiro 1975). Furthermore, the amount of 

available sunlight varies considerably between dry and wet seasons (Tauber et al. 1986). For 

this reason, their life cycle is highly influenced by temperature (Pollard 1988; Dennis 1993) 

and has a direct regulatory effect on the butterfly population dynamics (Tauber et al. 1986).  

 
Another seasonal limiting factor in many tropical forests is moisture (rainfall, humidity, 

moisture content) (Wolda 1988) and many insects demonstrate marked changes in abundance 

correlated with seasonal patterns of rainfall and humidity in the tropics (Wolda 1983). Many 

species of insects increase in abundance in the wet season, presumably as the result of plant 

growth being present. Low abundance during the dry season is due to insufficient food 

resources as many trees shed their leaves, and small plants die back completely (Tauber et al. 

1986). However, a study by Janzen (1973), reported that some insects increased in abundance 

during the dry season in response to the abundance of flowers. Most Lepidoptera are 

specialists on a narrow range of plant species and may exhibit rather distinct fluctuations in 

abundance between seasons because their larvae feed on young and new foliage. Thus, the 

availability of new leaves also changes with seasons (Janzen 1973).  

 

There has been work done on the phenology of swallowtail butterflies around the world, 

mostly on continental swallowtails for example, P. machaon (Dempster et al. 1976), P. 

xuthus (Watanabe 1979b; Watanabe et al. 1984) and P. polyxenes (Sims 2007); especially the 

effect of environmental variables such as annual humidity distribution (Wolda 1987), 

cloudiness, photoperiodic changes (Shapiro 1975), flowering plants (Young 1982; Wolda 
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1988), and availability of larval food plants (Owen et al. 1972). Butterflies enter into 

diapause in temperate regions mainly in the pupa stage, like in P. demoleus (Badawi 1981), 

P. zelicaon (Sims 1983), P. helenus and P. bianor (Watanabe et al. 1984), P. machaon 

(Watanabe and Nozato 1986), P. xuthus (Yamanaka et al. 2004; Hiraga 2006) and P. 

polyxenes (Sims 2007). Until the return of suitable environmental conditions such as 

humidity, temperature and food resources. However, some insects grow and reproduce all 

year round because their host plants are available throughout the year, although most tropical 

insect species show distinct seasonal cycles in the level of their activities (Young 1982; 

Wolda 1983; Wolda and Denlinger 1984), as host plants are more abundant or more suitable 

during specific seasons (Tauber et al. 1986).    

 

In some tropical insects, diapause serves an important function in synchronizing the life cycle 

with seasonally variable conditions. In contrast, diapause is more difficult to study in tropical 

insects than in temperate species because of relatively short or quite subtle changes in 

physiology or behaviour that may go undetected due to seasonal changes in temperature, 

moisture, food abundance (Tauber et al. 1986). Although tropical butterflies are commonly 

seen during all months, there are clear seasonal fluctuations in their abundance and activity 

(Owen 1971; Janzen 1973; Young 1982; Tauber et al. 1986). Some tropical insects do not go 

into diapause but are seasonally adapted to withstand long periods of unfavourable 

conditions, short distance migration to alternative hosts and the prolongation of particular 

metamorphic stages (Tauber et al. 1986). There has never been a long term survey that 

investigated the changes in activity patterns and the seasonal influence of environmental 

factors such as rainfall, temperature and humidity on Fiji’s butterfly.  

 

2.3 OBJECTIVES 
  

� To determine P. schmeltzii’s natural habitat, larval host plant, and flowering plant as 

nectar sources for adults in the Vatukarasa area.  

 

� To investigate the effect of weather variables, predation on P. schmeltzii abundance 

and activity patterns in Vatukarasa area.  

 

� Investigate the current abundance and distribution of P. schmeltzii in Fiji. 
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2.4 METHODOLOGY 

2.4.1 Study species  
 

Kingdom: Animalia  

Phylum: Arthropoda 

Class: Insecta 

Order: Lepidoptera  

Suborder: Ditrysia 

Superfamily: Papilionoidae 

Family: Papilionidae 

Subfamily: Papilioninae 

Tribe: Papilionini 

Genus: Papilio  

Species: schmeltzii Herrich-Schaffer  

 

2.4.2 Study Site 
 

Climate – The climate regime of Fiji is strongly influenced by the southeast trade winds, 

which are tropical maritime in origin and lose most of their moisture in the highlands of Viti 

Levu before passing over the drier, western side (Prasad 1980). Fiji does not experience great 

extremes of hot or cold weather. However, there is a considerable variation in temperature 

with monthly means from 18°C in July (min. temperature) to 32°C in December (max. 

temperature). The relative humidity is usually less than 85% in the dry zone and higher in the 

wet zone. Fiji experiences a distinct wet season (November to April – hotter months) and a 

dry season (May to October – cooler months), controlled largely by the north and south 

movements of the South Pacific Convergence Zone, the main rainfall producing system for 

the region. Sigatoka has a dry climate as it is on the dry side of Viti Levu (Climate of Fiji 

2007). The rainfall is less than 103 mm per month during the cooler months in Sigatoka. In 

addition, Sigatoka has mean monthly temperature ranges between 26.5°C in January and 

22°C in July, and sunshine hours range from 7.5 hours a day in December to approximately 

6.2 hours a day in June (Prasad 1980; Climate of Fiji 2007). 

 

Location – The study area for observing P. schmeltzii was located in the Vatukarasa Village 

area, on the dry western side of the island of Viti Levu, Fiji, along the coral coast, about 14.5 
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km east of Sigatoka town. The actual study site was located 1.7 km inland from the main road 

(Figure 2.1). The area selected for P. schmeltzii observation was 120 m long and 108 m wide 

(area 12960 m²). The area of the study site was limited due to accessibility. The presence of 

slopes made it difficult to cover more area for the study site. The GPS location for the study 

site was S 18° 10’ 12.2” and E 177° 36’ 43.2” and the grid reference is 797 703 from the 

1:50000 topographic map of Sigatoka – Fiji Map Series 31 – Sheet L 29. The area is 7 meters 

above sea level.  

 

Topography – (geography/landscape). The area was generally flat with slopes on one side of 

the area. The soil was moist and was swampy in some places, as a small creek ran through the 

study area. The land area to the south from the study area was used for subsistence farming 

(plantations of root crops) for the Vatukarasa village, and grazing of horses and cattle. The 

area was generally forested but was not very dense. The tall trees provided shade, allowing 

very little sunlight to pass through. Light intensity was measured by Lux meter and the 

average light intensity in the study area was 8.62 X 100K. 

 

Flora Status – The vegetation in the study area was medium forest community, however, the 

vegetation at the experimental plot seemed to be frequently disturbed by mankind and 

livestock. The upper canopy was dominated by Alibizia lebbeck, Alphitonia franguloides and 

Terminalia catappa. The middle section was mostly composed of Urena lobata, Gonystylus 

punctatus, Dysoxylum quercifolium, Cananga odorata, Aleurites moluccana, Caesalpinia 

bonduc, Syzgium malaccense, Micromelum minutum and Citrus reticulata. The understorey 

comprised of shrubs – Clidemia hirta, Dicksonia brackenridgei, Capsicum annuum and 

seedlings of Urena lobata, Piper timothianum, Pometia pinnata, Alocasia indica, Dillenia 

biflora, Athyrium melanocaulan, Citrus reticulate, Micromelum minutum, Syzgium 

malaccense, and Intsia bijuga. Climbers such as Operclina turpethum and Mikania micrantha 

were found on rain trees. Stachytarpheta urticifolia (blue rat’s tail) was abundant and 

occurred along the roadside (sunny area) and few were found inside forest patches (Appendix 

A).  
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Figure 2.1: Map of Vatukarasa area, Sigatoka. (Adapted from Fiji Map Series 31 – Sheet L 

29. Government of Fiji, 1992). 

 

2.4.3 On–site Sampling Technique  
 

The seasonal history of P. schmeltzii was determined by fortnightly field observation in the 

Vatukarasa area from January 2008 until December 2008. To get to the study site a four-

wheel drive vehicle was used. Temperature (°C) and relative humidity (%) was recorded 

using a standard alcohol thermometer (Appendix B) and a simple humidity meter (Appendix 

C). Rainfall (mm) measurement was provided by the Fiji Meteorological Service in Nadi for 

Tabua sands (this station was closest to Vatukarasa area). The sunlight penetration in the 

study area was measured with a lux meter. These parameters were measured on site because 

it is widely accepted that they can have a significant effect on the distribution of butterflies 

(Vane-Wright and Ackery 1984). The influence of major weather variables on the phenology 

of this sub-population was also determined to account for differences in activity during the 

study period.  

 

Generally, visual observations were made at hourly intervals from 9 am to 4 pm. P. 

schmeltzii’s natural habitat, larval host plants, and types of flowers that the adult P. schmeltzii 

preferred for nectar source were identified in the field. The occurrence and abundance of 
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adult males and females, eggs, larvae and pupae was monitored from January through 

December on foliage of M. minutum at 14 days intervals, to determine if P. schmeltzii was 

seasonal. The time of flight in the sunny area and shady area was determined from 

observations on the numbers of P. schmeltzii flying within the study area. For 12 consecutive 

12–hour periods, observations each lasting 2 minutes were made at one hourly interval from 

6 am to 6 pm each month. However, tracking P. schmeltzii for a long distance was practically 

impossible, partly due to their high flight activity and partly due to the dense canopy 

vegetation in the study area. More importantly, the presence of potential predators was 

observed, such as, insects, reptiles and birds. Further, observations of behavioural aspects, 

such as intraspecific and interspecific interactions, flight pattern, elevation of flight, feeding, 

oviposition behaviour, sites of laying egg and general preference for oviposition (sunny or 

shaded area) were also recorded. In addition, little is known about the behaviour of larval 

stages (if they are gregarious or solitary) and localities of the larvae (if they are found in 

shady or sunny areas). In addition, the territorial behaviour in adults was observed.  

 

Although research was confined primarily at Vatukarasa, Sigatoka, observations were made 

in many other areas in Viti Levu (Colo I Suva, Tamavua, Korolevu, The University of the 

South Pacific) and outer islands of Fiji (Kadavu, Vanua Balavu, Taveuni) during the 12 

months of the study. P. schmeltzii was studied in Taveuni, Kadavu and Vanua Balavu (outer 

islands) for distribution and abundance and six days were spent on each island from 

December 2007 to January 2008. At these different localities where adult P. schmeltzii were 

sighted, the number of butterflies sighted, description of its natural environment and the 

plants for nectar source was recorded. Furthermore, the presence of larvae and the larval host 

plants was noted. The range (smallest to largest values) of butterfly numbers was determined 

by getting the average number of butterflies observed in each localities.The camera used to 

take photos in the field was FujiFilm (FinePix A820) with 8.3 Mega Pixel and 4X Optical 

Zoom.  

 

The study on the complete life history of P. schmeltzii was not possible in Vatukarasa 

because not all life stages (from egg to adult) were observed at each visit during the study 

period and low abundance of different stages was recorded.  
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2.4.4 Statistical Analysis 
 

Paired T-test was done (using MS Excel) to find out if the immature stages of P. schmeltzii 

preferred the host plant in the shaded area or the sun exposed area.  

 

2.5 RESULTS AND DISCUSSION 

2.5.1 Natural Habitat 
  

In Vatukarasa, the main habitat for P. schmeltzii was isolated forested area (Figure 2.2). P. 

schmeltzii were found flying along the edge and in the gaps of the forests with nectar plants 

(S. urticifolia) and with host plants (M. minutum) of larvae. These butterflies preferred 

slightly shady area and were found near streams or running water. The Vatukarasa forest 

consisted of secondary plant community, predominated by mature overstory of tall trees such 

as Alibizia lebbeck, Alphitonia franguloides and Terminalia catappa. Hopkins (1927) stated 

that P. godeffroyi were common on the outskirts of thick forest and P. godeffroyi habitat is 

similar to that of P. schmeltzii (Mathew 1885). In contrast, P. schmeltzii butterflies mostly 

prefer disturbed secondary plant community predominated by tall trees. P. xuthus (Watanabe 

1979a) and P. polytes (Watanabe 1979c) also shows preference for disturbed vegetational 

environments as its suitable habitat. P. schmeltzii were found at high elevation (5 to 11 

meters above ground) and away from coastal waters. All stages of P. schmeltzii were found at 

the Vatukarasa study site but differed in abundance during different months of the year.  

 

2.5.2 Larval Host Plant Relationship to Immature Stages  
 

Biology of the larval host plant: Like most of the swallowtails found in the Pacific, P. 

schmeltzii also utilizes rutaceous plants. The larval host plant is Micromelum minutum 

(Rutaceae family), which is a small, woody plant and that grows up to one to five metres 

high. P. ambrax, P. fuscus, P. aegeus and P. weymeri in Papua New Guinea all exploit M. 

minutum and other Rutaceae plants for larval food (Parsons 1999). However, P. anactus, P. 

demoleus and P. ulysses mainly prefer to feed on Citrus species of Rutaceae family in 

Australia (Braby 2000).  

 

M. minutum has simple, lanceolate and alternate leaves (Figure 2.3). The flowers are white 

and unripe fruits are green that turn red when ripe. It is found mainly in coastal areas of Viti 

Levu (Smith 1985). Mathew (1885) stated that the larval host plant was from the family 
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Araliaceae for both P. schmeltzii and P. godeffroyi.  However, no immature stages of P. 

schmeltzii were observed on Araliaceae plants in this study. Mathew (1885) also described 

the Aralia plant to be 8 to 10 feet in height, having white flowers, fruits green at first but 

turned brightly scarlet when ripe. This description of the plant matches the description of M. 

minutum plant (Smith 1988). It can be said that Mathew (1885) probably may have 

inaccurately identified the plant. The larval host plants (M. minutum) were scattered 

throughout the gaps in the forest, around the edges, and in the thickets of the forest. The 

average height of the plants that were selected by P. schmeltzii as their hosts was 0.64 metres 

and there were various stages of the larval host plants, such as a seedling, flowering and 

bearing fruits and occurred all throughout the year.  

 
Figure 2.2: Forested area where P. schmeltzii was found in Vatukarasa area, Sigatoka. 

Forested area along the vehicle track (a); Inside of the forest (b). 

 

 
Figure 2.3: Seedling of a Micromelum minutum plant at Vatukarasa study site. 

a b 
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Distribution of Immature Stages: P. schmeltzii females oviposited on the larval host plant, M. 

minutum, which was shorter than its surrounding vegetation. No evidence was found to 

suggest that, in the Vatukarasa field site, eggs were ever laid on plants other than M. 

minutum. Although, M. minutum grew both in open areas in the forest gaps and along the 

forest margin, females confined their oviposition inside the shaded area in the forest, to avoid 

heat stress.  

 

The immature stages of P. schmeltzii mainly preferred the larval host plants in shady areas of 

the forest (Figure 2.4), rather than on the larval host plants exposed to the sun. To see the 

difference more clearly a paired t-test was performed. The results DF=11, two-tail p=0.012, 

showed significant differences for the two variables (p<0.05), providing evidence that the 

immature stages preferred areas protected from the sun. The significant p-value implied that 

the two samples had different means (Shady area – 0.5 and Sunny area – 11.3) (Appendix D). 

Mathew (1885) also reported that P. schmeltzii larvae found on the seedlings of their larval 

host plant in shady places. In P. glaucus, eggs and larvae were found on the plants exposed to 

sunlight, as heat increased, so did the growth rate of larvae (Grossmueller and Lederhouse 

1985). 

 

 
Figure 2.4: Immature stages (eggs, larvae and pupae) on the larval host plant in shady and 

sunny area of Vatukarasa forest in the study area (Appendix E). n = 282. 

 

M. minutum was the primary source of food for the P. schmeltzii larvae and the larvae were 

usually found on young saplings of M. minutum. Larvae of P. aegeus, P. anactus, P. 

demoleus (Braby 2000), P. godeffroyi (Hopkins 1927), P. protenor (Ichinose and Honda 
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1978), P. xuthus (Watanabe 1979a) and P. weymeri (Parsons 1999) also are found on young 

saplings of their larval host plants. Solitary larvae were found on the shaded M. minutum 

plants in the gaps in the forest. The larvae fed chiefly on tender, young leaves of M. minutum 

and avoided older leaves although fourth and fifth (final) instar larvae were observed eating 

tougher older leaves of M. minutum (Figure 2.5). Citrus reticulata of the Rutaecae family co-

exist with M. minutum in the study area but no larvae were seen on this plant. 

 

Even though the eggs were laid on the under surface of M. minutum leaves, the larvae of all 

instars spent a great majority of their time feeding singly on the upper leaf surfaces. When 

not feeding, the larvae rested openly on the upper surface of the leaves. Two colour types of 

the last instar larva were found (Figure 2.6). 

 

Pupae were often difficult to detect as their colour closely matched the colour of the substrate 

to which they were attached. Pupae were found on the larval host plant and did not leave the 

host plant to pupate somewhere else (Figure 2.7). Larvae of P. aegeus, P. anactus, P. ambrax 

(Braby 2000) and P. godeffroyi (Mathew 1885) also pupated on their host plants, however, P. 

polyxenes larvae wandered off to pupate elsewhere  (West and Hazel 1979) and sometimes P. 

aegeus does the same (Braby 2000). 

 

         
Figure 2.5: Second instar larva on young M. minutum leaf (a); Fourth instar larva on older M. 

minutum leaf (b) at Vatukarasa study site.  

 

 

 

a b 
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Figure 2.6: Variation in colour in the fifth instar larvae collected from Vatukarasa study site. 

 

 
Figure 2.7: Green (a) and Brown (b) pupa of P. schmeltzii on the M. minutum plant at 

Vatukarasa study site. 

 

The distribution of P. schmeltzii immature stages was investigated in a forested area of 

Vatukarasa, by counting the immature stages on the larval host plants at 14 days interval 

(fortnightly) throughout the year. P. schmeltzii oviposits on M. minutum of various ages and 

consequently on those of various heights. The relation between the height of the larval host 

plants and the distribution pattern of immature stages of P. schmeltzii in a forested area is 

described in Figure 2.8.  

a b 
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Figure 2.8: The distribution of immature stages (eggs, larvae and pupae) of P. schmeltzii by 

height on larval host plants – M. minutum. n = 282. 

 

Results on the height preference by the larvae of P. schmeltzii show that over 60% of the 

larvae were found at heights between 0.6 m and 1.4 m. The leaves from the plants higher than 

1.6 m (tall trees) were tough and thick while those from short plants (young) were tender and 

thin. The higher probability of oviposition on smaller larval host plants than on larger larval 

host plants in this population is similar to results obtained by Watanabe (1979b) for P. 

xuthus, which had a tendency to lay more eggs on shorter larval host plants, since the short 

larval host plant have thin and soft leaves which is probably suitable for the first instar larvae 

(Watanabe 1979b; Watanabe et al. 1984).  

 

The majority of the immature stages of P. schmeltzii were observed singly on host plants. 

Rarely two or more immature stages occupied the same leaf (Figure 2.9). In the months of 

May, June and July the abundance of the immature stages was high, especially the larval 

phase. In these months, the eggs, larvae and pupas were found on the same larval host plant 

but on different branches or on the same branch but different leaves. In addition, observation 

seen on oviposition in the field was one egg per plant.  
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Figure 2.9: Number of immature stages (eggs, larvae and pupae) found per larval host plant 

at Vatukarasa study site. 

 

Mathew (1885) stated that he sometimes observed three to four eggs on a single leaf but 

different females probably had deposited them, as they were generally of different age. As a 

rule, the same female only lays one egg upon the same leaf, though she may deposit several 

upon the same plant. Thompson and Pellmyr (1991) suggest that for females to avoid 

oviposition on plants having conspecific eggs, indicate dispersal of eggs that guarantees 

adequate larval food supply, prevent cannibalism and competition. Thus larval predation is 

probably minimized by oviposition behaviour (one egg per leaf and few per larval host plant). 

 

2.5.3 Activity of P. schmeltzii in the Vatukarasa Area 
 

General Flight Pattern: P. schmeltzii basked with its wings held widely open on tufts of tall 

grasses (Figure 2.10) and on small plants but generally kept half a metre above the ground for 

a fast escape. P. schmeltzii flight was slow and powerful but became very swift and restless 

when alarmed. They flew in both sunny and shaded places with a slow gliding type of flight, 
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flying back and forth in that area. When disturbed, the flight pattern became rapid and erratic 

but after sometime, they returned to the same place and resumed their gliding. The flight 

pattern observed for P. schmeltzii has also been reported for other Papilio butterflies; P. 

polytes (Watanabe 1979c), P. godeffroyi (Hopkins 1927) and P. aegeus (Parsons 1999). The 

flight height for P. schmeltzii was about 0.6 m to 5 m off the ground. The butterflies often 

kept high up around the upper parts of taller trees. However, their oviposition and feeding 

sites were close to the ground. They did not fly into dense areas, perhaps to avoid getting its 

wings damaged and frequently used watercourses as flyways.  

 

 
Figure 2.10: P. schmeltzii basking in the sun, while resting on a blade of tall grass at 

Vatukarasa study site. 

 

In the present study, a considerable number of males were seen fluttering at the edge of the 

forest and females were observed going into the forest. M. minutum, the larval host of P. 

schmeltzii, grew mainly in the periphery of the forest, but seedlings and younger plants were 

prevalent in gaps (small, sunlit, cleared forest areas) in the interior of the forest. P. schmeltzii 

males tended to prefer the forest edges instead of the treeless gaps while the female P. 

schmeltzii more often tended to remain in the gaps in the forest interior where they mostly fed 
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and oviposited. The females were observed to venture out to feed on flowers for brief periods 

in the morning and evening but generally stayed within the forest.  

 

The P. schmeltzii butterflies appeared to be strictly diurnal and started flying as the sun came 

out. As the darkness came, they moved from the open area, went into the interior of the 

forest, in search of a place to hide during the night, and became less active. They kept their 

wings open throughout the night. This has been also reported for P. helenus, P. protenor and 

P. memnon; they roost in the gaps and the interior of the forest in Kodakasa-yama, Japan 

(Watanabe et al. 1985; Suzuki et al. 1985).  

 

In P. schmeltzii flight activity was high in the morning, decreased towards midday, in the 

marginal area of the forest and increased mainly in the afternoon, when the air temperature 

decreased. Males and females flew out of the forest into the open area mainly in the mornings 

and evenings. Flight activity showed two distinctive peaks that were seen for marginal forest 

from 8.30 am to 10.30 am in the morning and 3.30 pm to 5 pm in the evening. The butterflies 

left the forest for a prolonged flight in the open area in association with lower air temperature 

(Figure 2.11).  

 

P. schmeltzii adults become more active and more abundant at the forest edge during periods 

of low to moderate temperature. This is reported by May (1979) that diurnal insect species 

are most active early morning or evening, usually in the hot season. Activity pattern in 

relation to thermoregulation strongly affected the resources utilization patterns of the 

butterflies (Suzuki et al. 1985). In P. helenus, the flight in the morning is low but increased 

toward afternoon, at the gaps (4 pm – 4.30 pm) and the marginal area (5 pm – 5.30 pm) of the 

forest and in P. protenor gap peak was attained at 2 pm – 2.30 pm and in open area it was 5 

pm – 5.30 pm (Suzuki et al. 1985). This shows the general pattern of butterfly activity but 

with slightly different times of the day. In contrast, a study done in Kodakasa-yama, Japan by 

Watanabe et al. (1985) showed that flight in P. helenus was at the edges of the forest, whilst 

P. protenor tended to remain in the gaps and the interior where they fed and oviposited. P. 

memnon preferred both open and edge area of the forest. In addition, P. polytes butterflies 

usually fed and mated in open lands, forest-edges and corridor of the forest (Nakayama and 

Honda 2004) and the peak activities of males were observed during 8.30 am – 10.30 am 

every sunny day (Watanabe 1979c).  
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During midday, P. schmeltzii normally flew inside the forest and seldom flew out of it as this 

microhabitat provided tolerable temperatures. A similar pattern has been sighted for P. 

helenus and P. protenor, which flew inside the forest and seldom flew out from it in the 

daytime in the summer (Suzuki et al. 1985). However, P. xuthus and P. machaon almost 

always flew over open land - this could be due to the wing colour, as dark coloured butterflies 

can absorb more energy from the sun than light coloured ones (Digby 1955) and P. schmeltzii 

is dark in colour too. 

 

 
Figure 2.11: Flight activity patterns (average) of P. schmeltzii in shaded (gaps) and sunny 

areas (margin) for 12 months.  

 

Figure 2.12 shows that the activity level of P. schmeltzii was low when the temperature was 

high during the day and the butterflies shifted inside the forest and the activity inside the 

forest increased as shown in the previous Figure 2.11.  

 

Visiting flowers/Foraging: Butterflies utilize many plant species as nectar sources, but the 

main sources are usually restricted to several plant species according to the nectar preference 

of butterflies and the relative abundance of the nectar sources (Wiklund et al. 1979). The 

availability of nectar plays an important role in habitat selection (Watanabe et al. 1988). Both 
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sexes of P. schmeltzii butterflies were seen feeding on the nectar of Stachytarpheta urticifolia 

(Blue rat’s tail) flowers, which were abundant and the only nectar plant in the study area 

(Figure 2.13). S. urticifolia plants grew sporadically in forest gaps and periphery throughout 

the study area. Furthermore, S. urticifolia flowered all year around and constitute an 

extremely important nectar source in Vatukarasa area to adult P. schmeltzii butterflies. This 

low-growing shrub is related to Lantana species and has been introduced from tropical South 

America (Smith 1953).  

 

 
Figure 2.12: P. schmeltzii activity in a year (Average) (Appendix F). 

 

P. schmeltzii visited its nectar plants more frequently at the margin of the forest than those at 

the gap of the forest; Suzuki et al. (1987) also noted this feeding behaviour for P. helenus. 

Visit to nectar plants by P. schmeltzii was usually restricted to the inside of the forest during 

midday, where solar radiation was less intense (Figure 2.11). However, the flowers of S. 

urticifolia were mainly available in the gaps and along the forest margin. Thus, P. schmeltzii 

had to fly out from the forest to utilize these nectar resources. Possibly, to avoid heating, 

adults fed mainly in the mornings and evenings. In P. schmeltzii, two peaks, that is early 

morning and evening, was found in the frequency of visiting flowers of S. urticifolia. Suzuki 

et al. (1985) also reported similar morning and evening peaks for P. helenus. The morning 

peak, however, was greater compared to the evening peak. The evening peak occurred from 5 

pm to 6 pm in the open marginal area of the forest (Figure 2.12).   
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Apart from P. schmeltzii, different species of butterflies inhabited that area and preferred S. 

urticifolia flowers as a nectar source. A total of nine different butterfly species were observed 

(Euploea tulliolus forsteri – purple crow, Euploea boisduvalii boisduvalii, Danaus hamata 

neptunica – blue tiger, Danaus plexippus – monarch, Eurema hecabe sulphurata – grass 

yellow, Hypolimnas bolina – blue moon, Oriens augustula – Fiji grass dart, Junonia villida – 

meadow argus and Zizina otis mangoensis – lesser grass blue) with Euploea species being the 

dominant. Euploea species were also observed chasing other butterflies species from the 

nectar plants (S. urticifolia). 

 

 
Figure 2.13: P. schmeltzii feeding on S. urticifolia flowers at the edge of the forest in 

Vatukarasa, Sigatoka.  

 

Chasing: In P. schmeltzii chasings were concentrated around midday and were more 

frequently observed in the gaps of the forest, rather than in open marginal area of the forest. 

In the open marginal area of the forest, chasing behaviour was mostly observed in the 

mornings and evenings.  In P. schmeltzii, chasing behaviour attained a peak during 10 am to 

11 am, when oviposition and feeding by the females are high (Figure 2.12), thus, males had 

more chances of courting a female. In contrast, in P. protenor chasing activities were mostly 

observed in the afternoon and for P. helenus in the evening, in either gaps or open areas. In P. 
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protenor, chasing behaviour attained a peak during 1.30 pm – 2 pm inside the forest (Suzuki 

et al. 1985).  

 

Chasing behaviour was elicited whenever males encountered females. In the open area 

outside the forest, ascending flight was observed in the evening but in the daytime more was 

seen inside the forest (shaded areas inside the forest) when the air temperature was high. 

Although mating was not seen in the field, it can be inferred that the gap and the interior may 

be where copulation took place, and not in the open marginal area, due to lower temperatures. 

The margins were thus mainly exploited for feeding.  

 

Two kinds of behaviour predominate: patrolling and perching in male butterflies. In 

patrolling, males locate females by continuously flying in search of females in their habitat. 

In perching, males sit and wait with their wings open, near the food plant and feeding areas 

on top trees and dart out to inspect flying objects in search of females (Vane-Wright and 

Ackery 1984). Perching and patrolling behaviour has been observed in P. aegeus (Parsons 

1999), P. anactus (Braby 2000), P. demoleus (Henning et al. 1997) but not in males of P. 

schmeltzii in Vatukarasa area as yet. In addition, the puddling behaviour (sip water and 

minerals from mud) was not observed in P. schmeltzii adults, which are thus similar to P. 

polytes (Watanabe 1979c). However, puddling behaviour has been reported in P. aegeus. P. 

fuscus, P. demoleus butterflies (Parsons 1999). P. schmeltzii males were not seen to be 

territorial and males chasing away of other males was not observed.  

 

Chasing of females by more than one male has been observed at treetops, however courtship 

has not been observed in the forest. The male butterflies initiated chasing. Males flew 

vigorously; searching for females during the daytime, while females flew less actively, 

visited flowers of S. urticifolia for feeding, and leaves of M. minutum for oviposition. It was 

observed that whenever males discovered feeding, ovipositing or passing by females, they 

tried to intercept the females for mating and chased the females persistently. The females, 

however, continued feeding, looking for suitable site to oviposit or just flying, ignoring the 

chasing males, but sometimes they took off abruptly towards the tall trees, and then the 

ascending flight of a female and a male was observed. When other males discovered the 

ascending pair, they participated in chasing after the female too, and then a chasing group, 

composed of one female and three or more males, was formed, like a chain. This chasing 
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behaviour has also been reported for P. aegeus (Braby 2000), P. xuthus (Watanabe 1976) and 

P. polytes (Watanabe 1979b) butterflies. 

 

Oviposition: Oviposition was observed from April to September but no oviposition was seen 

from October until December, even though females were flying about. The ovipositions were 

observed mostly on the seedlings of the host plants as shown in Figure 2.8. Female P. 

schmeltzii laid eggs singly on the young leaves of M. minutum and usually on the lower 

surface in shaded areas. P. schmeltzii oviposited only inside the forest and oviposition 

activity was high from 10 am to 3 pm (Figure 2.12). In contrast, P. helenus and P. protenor 

oviposition was restricted to both the gaps and the forest margin, mostly in the afternoon and 

evening during low air temperatures (Suzuki et al. 1985). For P. xuthus, the peak of 

oviposition appeared in the morning (11 am – 12 pm) and was hardly found in the afternoon 

(Yamanaka et al. 1978). 

 

Forty-five eggs were recorded from M. minutum plants in the field. Of these 87% were found 

on the lower leaf surface and 13% on the upper leaf surface (Figure 2.14). Females laid 

significantly more eggs on the underside of leaves than on the upperside and no eggs were 

laid on the stems and petioles in the study area. All Papilio butterflies except some P. 

demolion group species lay eggs singly on their larval host plant and to name some are P. 

aegeus (Braby 2000), P. xuthus (Watanabe 1979b), P. fuscus (Parsons 1999) and P. demoleus 

(Badawi 1981). P. schmeltzii laid eggs under the leaf surface just like P. godeffroyi (Mathew 

1885), P. protenor (Ichinose and Honda 1978) and P. anactus (Braby 2000), but P. aegeus 

(Braby 2000) and P. demoleus (Parsons 1999) lay eggs on top of leaf surface.  

 

The oviposition behaviour observed for P. schmeltzii is quite typical of Lepidoptera (Vane-

Wright and Ackery 1984). P. schmeltzii females expanded their wings to bask in the sunlight 

during sunrise and a few minutes later flew off to investigate various plants during the day. 

One or two butterflies were seen ovipositing during fortnightly survey in the field. The 

female would touch the leaves with her forelegs, with a rapid wing fluttering in the air. When 

conditions were unsatisfactory she flew off to another plant but when the leaf was suitable, 

then to oviposit, she landed on the larval host plant, curling her abdomen up and came in 

contact with the underneath surface of the leaf and deposited an egg, in just a few seconds. 
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Figure 2.14: Eggs laid by female P. schmeltzii on M. minutum leaf surface at the Vatukarasa 

study site.  

 

After laying one to two eggs on different plants of M. minutum, she rested on a leaf and then 

after a while started feeding and then laying eggs once again. P. schmeltzii approached only 

those larval host plants to which they had free access by flight and consequently never laid 

eggs on larval host plants growing in dense vegetation or within patches. 

 

2.5.4 Phenology of the P. schmeltzii Butterflies Population in Vatukarasa Area 
 

Flights of adult P. schmeltzii were observed from January to December 2008 but were more 

common in the months of April to October. Although the adult P. schmeltzii numbers of the 

Vatukarasa population were not large for the year and fluctuated from month to month, there 

had been a general decline in numbers and no discrete density peaks were observed. Only 

forty-five eggs were recorded in the twelve months survey. The highest egg density was 

observed in the months of June to September 2008. The abundance of larvae seen in the study 

area fluctuated throughout the year but peaked in June and July then decreased from August 

to December 2008. In contrast, the abundance of pupae peaked in May and July 2008 (Figure 

2.15).  

 



40 
 

Adults

0

1

2

3

4

5

6

7

8

J an F eb Mar Apr May J un J ul Aug S ep Oct Nov Dec

Months

A
d

u
lt

 m
e

a
n

E g g

0

1

2

3

4

5

6

7

8

9

J an F eb Mar Apr May J un J ul Aug S ep Oct Nov Dec

Months

E
g

g
 m

e
a

n

 

L arvae

0
5

10
15
20
25
30
35
40
45

J an F eb Mar Apr May J un J ul Aug S ep Oct Nov Dec

Months

L
a

rv
a

e
 m

e
a

n

 

P upa

0

1

2

3

4

5

6

7

8

J an F eb Mar Apr May J un J ul Aug S ep Oc t Nov Dec

Months

P
u

p
a

 m
e

a
n

 
Figure 2.15: Seasonal development of P. schmeltzii stages based on observations in the field 

(Appendix G).  

 

The results demonstrated that P. schmeltzii were found throughout the year, even though 

there were seasonal variations in abundance. This observation is supported by works done on 

P. godeffroyi in all parts of Western Samoa and Tutuila by Hopkins (1927), on P. aegeus at 

Cairns, Queensland and on P. fuscus at North Eastern Queensland (Braby 2000), which 

suggests that tropical Papilio butterflies breed year round. Climatic variations during seasons 

are quite distinct and insufficient or reduced food resources (Vane-Wright and Ackery 1984) 

and high temperatures (Parsons 1999; Braby 2000) may explain lower abundance of different 

stages of P. schmeltzii during wet season. Butterflies have been shown to synchronize their 

fluctuating abundances with phenology of their larval host trees (Tauber et al. 1986). 

 

Seasonal differences in the abundance of the butterfly composition during the two seasons of 

2008 were observed with the dry season having a relatively high diversity of 18 eggs, 78 

larvae, 18 pupae and 22 adults (May to October). During the wet season 6 eggs, 17 larvae, 8 

pupae and 13 adults were counted (November to April), showing that abundance, growth and 
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activity of P. schmeltzii is affected by the dry and wet seasons in a year. It was evident that 

the most common stages were larvae and adults, which showed an increase in abundance 

from the wet to dry season. In general, pupa and egg showed similar patterns, but differences 

between seasons were less pronounced compared to larvae and adults (Figure 2.16). The 

abundance for all of P. schmeltzii phases was greatest during the dry season, months of May 

to September 2008. Even though the overall pattern in the abundance for each life stage of P. 

schmeltzii butterflies were different between months, the abundance declined dramatically 

from October to December 2008, a period during which temperature on the sampling days 

was high (30-34°C) (Figure 2.17).  
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Figure 2.16: Percentage abundance of sampled life stages from the Vatukarasa study site.  

 

Average annual precipitation in the Vatukarasa study area varied from 0 to 48 mm. Average 

dry season (May to October) temperatures varied from 23˚C to 26˚C, and average wet season 

(November to April) temperatures varied from 29˚C to 33˚C. The lowest number of adult 

butterflies and immature stages observed, coincided with the high temperatures over the 

twelve months (Figure 2.17). In contrast, larvae abundance peaked during the drier months of 

May to July. Immature stages were most abundant during the dry season (May to September).  
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There was a variation of air temperature and rainfall between sampling months. The 

significantly negative relationship between air temperature and butterfly abundance at the 

study site indicates that air temperature plays an important role when surveying butterflies 

(May 1979; Badawi 1981; Blau and Feeny 1983; Parsons 1999; Braby 2000). Air 

temperatures may account for seasonal differences in P. schmeltzii butterflies foraging and 

breeding activity.  

 

 
Figure 2.17: Weather variables (average values from the two sampling days in a month) and 

P. schmeltzii abundance recorded for the habitat survey (Appendix H).  

 

The fluctuation of abundance in all stages of P. schmeltzii is due to Fiji’s dry and wet 

seasonal cycle and the results show that P. schmeltzii is more abundant in the dry season. 

This statement is supported by Mathew (1885), who reported that the abundance of P. 

schmeltzii fluctuated during certain seasons and it was very common in the months of May, 

June and August from 1882 – 1884 at Suva and Levuka. P. anactus is also abundant during 

the dry seasons. However, P. aegeus and P. ambrax are abundant in the wet season in 

Austraila (Braby 2000). Insects also synchronize their life histories with the dry season in 

order to maximize utilization of resources such as nectar and pollen (Frankie 1975). The 

decline in abundance from September could be due to the beginning of the wet and hot 

season when most butterflies are less active (Vane-Wright and Ackery 1984). Also, the 

deforestation of the study area in September 2008 (the forest along the gravel main road was 

cleared due to the maintenance of the power line posts – Figure 2.18) may have been a factor 
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affecting the observed decline in population in this study. Additionally, this increased 

sunlight penetration and areas that were shaded were now exposed to the sunlight. In 

October, the creek that ran through the study area dried up, and the area had a lot of sunny 

patches and most of the M. minutum plants wilted and dried up. By November, only few M. 

minutum plants were left in the study area and most of them were now exposed to the 

sunlight. This could be an important contributing factor to the further decline in abundance of 

P. schmeltzii stages, apart from the wet and hot seasonal changes.  

 

 
Figure 2.18: Trees chopped down to protect the Power lines at Vatukarasa study site. 

 

P. schmeltzii females were more easily captured than males, because they often flew slowly 

and only a few metres above the ground, apparently seeking suitable plants for oviposition. 

However, the number of females was lower than that of males during the study period. The 

proportion of males to females caught at a ratio of 3:2 (Table 2.1), although this ratio could 

be higher in favour of males since females were easier to catch. The sex ratio of P. schmeltzii 

is similar to that reported by Hopkins (1927) for P. godeffroyi in Samoa, suggesting females 

being scarcer than the males. 

 

 

 

 

 

 

 
 

b a 
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Table 2.1: Sex ratio of P. schmeltzii seen in the field.  
 

 Sex Ratio  

Months Adult Male Adult Female Total 

Jan-08 1 0 1 

Feb-08 1 0 1 

Mar-08 2 1 3 

Apr-08 3 2 5 

May-08 2 1 3 

Jun-08 3 1 4 

Jul-08 1 2 3 

Aug-08 2 1 3 

Sep-08 4 3 7 

Oct-08 1 2 3 

Nov-08 1 0 1 

Dec-08 0 1 1 

Total 21 14  

Ratio 3 2  

 
 

2.5.5 Predation on P. schmeltzii in Vatukarasa Area 
 

Butterfly populations are attacked at all stages in their life cycle by a wide range of 

predacious animals, but chiefly by arthropods and vertebrates (Parsons 1999). At Vatukarasa, 

no cases of bird attacks on the adult butterflies were observed but a beak mark on the wings 

of one adult was observed (Figure 2.19). Birds were present on the upper canopy and hardly 

came down to the understory of the forest. Due to lack of resources and specialist to classify 

different bird species, these birds were not identified. No Gecko’s, red-vented bulbul 

(Pycnonotus cafer) or Indian myna birds (Acridotheres fuscus and Acridotheres tristis) were 

seen during the study period at Vatukarasa. Badawi (1981) reported that sparrows were found 

preying on young larvae of P. demoleus. Small birds, Zosterops caerulescens and Z. 

halmaturina were effective predators of P. aegeus larvae in Australian Citrus orchards 

(Parsons 1999). In addition, a female was observed with its wings damaged, this could have 

been due to its wings being caught on branches and twigs while flying inside the forest, as no 

beak marks were present on its wings. Mathew (1885) also reported that P. schmeltzii 
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damaged their wings by frequently flying through thick forest undergrowth, where they soon 

lose their tails and get their wings torn. 

 

In over 24 days of direct observation, only the larval stages were observed being preyed on 

by a hemipteran bug (stinkbug or shield bug) throughout the study. Despite the two different 

camouflage schemes, the hemipteran bug found some larvae. The haemolymph-sucking 

hemipteran bug sucks fluid out of the body of the larvae with long thin piercing-sucking 

mouthparts (Parsons 1999). The hemipteran bug was seen sucking the fluid out of the fourth 

instar larva’s body (Figure 2.20). P. fuscus larvae were reportedly subjected to heavy 

predation by hemipteran bugs in a Citrus orchard (Parsons 1999). 

 

Indirect evidence of predation was observed, black ants (Polyrhachis spp.) on the dead body 

of a larva and a fly on dead pupa (Figure 2.21) were observed. However, the black ant and 

the fly could have come to scavenge on the already dead larva and pupa but it is yet to be 

proven if they are active predators of P. schmeltzii. During May, June and July 2008, three 

unidentified species of spiders were abundant on M. minutum leaves but no direct predation 

on the immature stages of P. schmeltzii was observed (Figure 2.22) in this study. During this 

study more of fourth and fifth instars were encountered than first, second and third instars. 

This could have been due to predation of the first three larval instars by arthropods, 

particularly spiders. In P. xuthus, egg to the third instar were mostly preyed upon by spiders, 

katydids and egg parasite (Trichogramma spp.) (Watanabe 1979b), and potential predators 

were jumping-spiders and phalangids for P. zelicaon (Tiritilli and Thompson 1988). Badawi 

(1981) reported that two unidentified spider species were abundant on Citrus trees and were 

very actively preying upon eggs and young larvae of P. demoleus. 

 

Mathew (1885) recorded P. schmeltzii and P. godeffroyi eggs being attacked by a minute 

hymenopterous parasite and only about one in a dozen produced a larva, the remainder 

gave birth to three to four ichneumon wasps. Also he noted that a larva which had just 

turned in to a pupa, and while it was in a soft and helpless state, it was being attacked by a 

number of very small red ants, which had managed to bore their way into it, and the pupae 

were violently writhing. Ants, spiders, bugs, orthopterids, birds, Polistes wasps (larval) and 

ichneumonid wasp (pupae) preyed upon P. helenus, P. bianor and P. protenor at Shikoku 

Island (Watanabe et al. 1984). Adult P. aegeus and P. fuscus were found to be preyed upon 

by common wagtail, Rhipidura leucophrys. Pupae of P. fuscus bore exit holes of chalcid 
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wasp parasitoids and some were killed by viral infection. Mature P. albinus were eaten by 

green tree ant, Oecophylla smaragdina (Parsons 1999). 

 

A lot of empty cicada nymph shells attached to the M. minutum plants were seen during 

October and November and cicadas were abundant on M. minutum leaves (Figure 2.23) in 

these months. In addition, two land snails were attached to the M. minutum leaves (Figure 

2.24). Even though these invertebrates do not prey on P. schmeltzii immature stages, they 

do occupy the space on the M. minutum plant usually inhabited by the P. schmeltzii 

immature stages; this may create competition for the P. schmeltzii immature stages and the 

land snails are also herbivorous (Klappenbach 2009), therefore, consumes the M. minutum 

leaves. 

 

Larval remains with traces of sticky black fluid were observed (Figure 2.25), a virus or 

disease rather than predation could have caused the death as seen in other Papilio species 

(Parsons 1999). No information is available regarding diseases of the P. schmeltzii butterfly. 

In addition, the larvae and pupae of P. demoleus were subjected to disease caused by a 

bacterium of the genus Bacillus and all the dead individuals were characterized by their dark 

black colour, disintegration and liquification of internal body organs with a foul smell 

(Badawi 1981).  
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Figure 2.19: Beak mark on the hind wings of a male P. schmeltzii at Vatukarasa study site.  

 

                     
Figure 2.20: A hemipteran bug resting on a Micromelum leaf (a); A hemipteran bug sucking 

out the fluid from the dead fourth instar larva (b) at Vatukarasa study site. 

  

   
Figure 2.21 A fly on top of the opening on the dorsal side of the dead pupa (a); A black ant 

was seen feeding on the dead third instar larva (b) at Vatukarasa study site. 
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Figure 2.22: Three different unidentified species of spiders on the M. minutum plants (a – c).  

 

   
Figure 2.23: A cicada on a M. minutum branch (a); An empty cicada nymph exoskeleton 

attached to the stem of the M. minutum plant (b) at Vatukarasa study site.  
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b 
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Figure 2.24: A big invasive land snail (Quantula striata) on the M. minutum leaf (a); The 

smaller land snail (Bradybaena spp.) attached to the young leaf of the M. minutum (b) at 

Vatukarasa study site.  

 

 
Figure 2.25: A dead P. schmeltzii larva on a M. minutum leaf at Vatukarasa study site. 
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2.5.6 Current Distribution of P. schmeltzii in Fiji Islands (Figure 2.26) 
 

Viti Levu 

Colo – I – Suva, Suva: Only a few P. schmeltzii were seen in Colo–I–Suva Forest Park. Only 

one or two individuals were seen fluttering along the edge of the forest and approaching the 

S. urticifolia flowers. Fieldwork was done in 2007 at fortnightly intervals from August until 

November but only two swallowtail butterflies were seen throughout the survey. The flight 

route of the butterflies was along the vehicle track of the park with steep slopes on each side 

of the track. In addition, the forest was very dense which made it difficult to follow the 

butterflies. Furthermore, disturbance by human activity might have reduced the numbers of 

P. schmeltzii. In the park no Citrus or M. minutum plants are recorded, hence we could not 

locate the host plant in that area. However, Melicope cucullata and Zanthoxylum pinnatum of 

the Rutaceae Family were present in the forest park but no sign of immature stages were 

observed on them. It was seen that the males of P. schmeltzii were mostly chased away by 

Euploea boisduvalii boisduvalii butterflies when they came to feed on the flowering plants (S. 

urticifolia) at the margin of the forest. Euploea boisduvalii boisduvalii were more aggressive 

and territorial than P. schmeltzii. 

 

Korolevu, Sigatoka 

 In Sigatoka, four to six P. schmeltzii butterflies were found in Korolevu and Korolevu–I–

Colo; the area was mostly hilly with steep slopes. P. schmeltzii was observed coming to 

Lantana camara and S. urticifolia flowers for feeding, around the edge of the forest.  

 

Kula Eco Park: Two P. schmeltzii butterflies were seen flying high up in the trees (4 – 5 

metres) in the Kula Eco Park on 23rd March 2008. The butterflies only came low to the 

ground to feed on the flowers of S. urticifolia and Pentas lanceolata (white and purple 

flowers). It was seen that the two butterflies returned to the same area where these flowers 

were, at intervals of 10 to 15 minutes. Only three M. minutum seedlings were seen in the 

whole park, but other Rutaceae plants such as Citrus reticulata, Citrus limon, Euodia species, 

Murraya koenigii and Murray paniculata were present. At 11 am, a female was seen laying 

an egg on the underside of the young soft leaf of a tall C. reticulata (mandarin) tree. This tree 

was located in a shaded area with a nearby stream. 
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Malevu village: The P. schmeltzii butterflies were seen along a vehicle track leading up a 

steep, hilly slope with forest on both sides of the road, away from the coast on the 22nd 

November 2007. There were abundant S. urticifolia, L. camara and M. minutum plants along 

the path and more M. minutum plants were seen inside the forest. Three male and two female 

P. schmeltzii were seen feeding on the flowers of S. urticifolia (blue rat’s tail) and L. camara. 

One of the male butterflies had damaged wings; this could have been due to its wings having 

been caught by branches when flying inside the forest or was attacked by a predator. The 

female butterfly was observed to lay her eggs on the M. minutum leaves in dark shadow areas 

of the forest. Only one 2nd-instar larva was seen on the M. minutum plant.  

 

Taveuni  

Two P. schmeltzii were seen flying near a C. reticulata tree in a flower garden in the 

morning. There were many different types of flowering plants and Citrus sinensis (sweet 

orange), Citrus limon (moli karokaro), Citrus mitis (kumquat) and Euodia hortensis (uci) of 

the Rutaceae family was present in the garden. Opposite the garden was a forested area 

mainly composed of tall trees, in Sukulu (Tanoa place), Taveuni.  

 

Vanua Balavu (Lau) 

One to two individuals of P. schmeltzii were sighted near Daliconi Village, Namalata Village 

and Biotaci Village. All three villages were surrounded by forest and the major nectar source 

on this island for P. schmeltzii was S. urticifolia flowers.  

 

Daliconi Village:  One male P. schmeltzii was seen flying high up in the trees along a foot 

track leading to the forest, and it` only came down to feed on the S. urticifolia flowers in a 

shaded area. Abundant S. urticifolia and Citrus plants were seen but no M. minutum was 

sighted in this area.  

 

Namalata Village: Two P. schmeltzii were seen flying near the edge of the forest, on top of a 

small hill, away from the coast. Tall trees and a limestone cliff provided shade to the area. 

Plenty of S. urticifolia and Citrus plants were seen but no M. minutum was found in this area.  

 

Biotaci Village: One P. schmeltzii was seen flying around the village and coming to the red 

Hibiscus schizopetalus (coral hibiscus) flowers near the houses. The forested area was around 

the village and along the coast. 
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Kadavu  

Along the main road from Vunisea to Solodamu village, twelve P. schmeltzii were sighted 

near the edge of the forested areas and were seen feeding mostly on L. camara and S. 

urticifolia flowers. All the butterflies sighted were at the edge of forest, on steep slopes and 

near streams or creeks.  

 

Solodamu Village: Four P. schmeltzii butterflies were seen flying inside the sheltered 

mangrove swamp, high in the top canopy, near the village. One male P. schmeltzii was seen 

flying at the edge of the Solodamu Bird Forest Reserve - National Trust. At the Solodamu 

village, there were lots of S. urticifolia and L. camara plants. No M. minutum plants were 

observed but Citrus trees were abundant. On one occasion, a female approached the C. 

reticulata tree but did not touch the leaves and fluttered away inside the mangrove swamp 

after few seconds. The butterflies mostly flew around the edges of the forest, near hilltops.  

 

Beqa and Koro Island 

One P. schmeltzii was observed on Beqa Island, in Lalati Village feeding on Ixora coccinea 

flowers (Prof. Randolph Thaman, The University of the South Pacific – digital photo and 

personal communication). Bird Life International (2007) undertook an inventory on the 

biodiversity of Koro Island and it reports that P. schmeltzii is present on that island, near 

coastal forest but no indication of its abundance was given. However, a survey done by  

Tokasaya Cakacaka (Field Assistant - personal communication) on June 17, 2009 along the 

coastal area of Nacamaki from 8 am to 12 pm showed that more than 40 P. schmeltzii 

butterflies were spotted flying along the coastal area and also in the open grassland. In 

addition, P. schmeltzii was seen feeding on the S. urticifolia flowers and lots of C. reticulata 

plants were present in that area, which could be its larval host plant on that island.  

 

In the vicinities where P. schmeltzii butterflies were sighted in outer islands (Kadavu, Vanua 

Balavu and Taveuni), an abundance of Citrus species of the Rutaceae family were present but 

no M. minutum plants were observed. In addition, it was observed that P. schmeltzii 

butterflies were always found in the presence of nearby streams or rivers. This probably 

provided a suitable surrounding environment, as waterways are cool, damp and shady. Also 

there were fewer obstacles in their path when they fly as there is less vegetation. P. schmeltzii 

inhabits disturbed tropical rainforest areas. It flies high in the rainforest canopy, landing for 

only a few seconds on each flower. It is also a frequent visitor of flowers in gardens. 



53 
 

 
Figure 2.26: Map of Fiji Islands with known distribution of P. schmeltzii throughout Fiji 

archipelago.  The localities of P. schmeltzii recorded by Robinson (1975) are shown as red 

dots on the Fiji Map and new records are marked in green dots.  

 

To summarise, P. schmeltzii is never common, but are found throughout the year in many 

localities, from coastal forest to hill top forest, in all parts of Fiji. It is most common on the 

outskirts of medium to thick forest where it mostly frequents the flowers of S. urticifolia but 

also visits Lantana flowers infrequently. However, P. schmeltzii has been sighted in less 

developed places like small villages and big flower gardens. Unlike, P. demoleus (Matsumoto 

2002) and P. aegeus (Braby 2000) butterflies that frequents flowers in and around big 

villages and towns. Like P. schmeltzii, P. godeffroyi (Hopkins 1927) and P. fuscus (Parsons 

1999) also feed on the flowers of Lantana but more frequently than P. schmeltzii.  

 

P. schmeltzii is currently known to occur at least four localities on the mainland and ten 

localities in the outer islands. To gain a better understanding on the distribution of this 

species, further studies need to be conducted. The populations of adult P. schmeltzii 
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butterflies were estimated at two to four individuals on average in all studied localities, with 

highest number sighted in Koro Island. P. schmeltzii is found in forest areas and shows a 

preference for stream and riverbeds. The sightings of the P. schmeltzii on the outer islands of 

Fiji in the presence of Citrus trees, but no M. minutum plants, suggests that the butterfly’s 

larval host plant could be Citrus species in absence of M. minutum. The areas colonized 

(Koro–I–Colo, Beqa, Taveuni and Kadavu) are in close proximity to the areas where P. 

schmeltzii is already established and the new areas have suitable forested areas, suitable larval 

host plant and nectar sources. Robinson (1975) states that P. schmeltzii is abundant on the 

Western side of Viti Levu and very common on Vanua Balavu in the Lau group. However, 

the results show that now only few individuals are seen on the western side of Viti Levu and 

it is not so common on Vanua Balavu. Potential predators, such as, arthropods, birds and 

reptiles may have reduced the population size of P. schmeltzii in most localities. On the other 

hand, the reason for the high number of adult P. schmeltzii in Koro Island is not known but it 

could be due to a favourable environment and lack of predators. At present, the greatest threat 

to P. schmeltzii butterflies is probably the destruction of their habitat. This is associated with 

increasing urbanization, agriculture and deforestation. With continuing habitat loss, the 

outlook for this endemic species is far from bright as many populations will be inevitably 

pushed to near or actual extinction. Therefore, it is important that P. schmeltzii be studied in 

detail for better conservation plans and management strategies, to prevent extinction of this 

endemic species.  

 

2.6 CONCLUSION 
 

P. schmeltzii has been recorded throughout the year in Vatukarasa area, although, at any 

given location they are very seasonal and usually abundant in the cooler months, during dry 

season. The females of P. schmeltzii tended to lay their eggs on the seedlings of M. minutum. 

The tendency to lay fewer eggs on the taller plants is probably due to unsuitability of the leaf 

texture of older plants. The survival of the P. schmeltzii butterfly depends on survival of 

sufficient stands of its larval food plants; M. minutum and C. reticulate, in the absence of M. 

minutum, in appropriate tropical forest. These two rutaceous species are the only known 

larval host plants for this species in nature. The butterfly occasionally oviposits on 

individuals of C. reticulata, but it is not a normal larval host plant for this species in the wild 

as it seems to only be used in the absence of M. minutum. Adults seek nectar from variety of 

flowers provided in their natural environment. However, it has been observed that P. 
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schmeltzii mainly prefers S. urticifolia, but occasionally make use of other verbenaceae, such 

as L. camara and P. lanceolata. In addition, P. schmeltzii adults have not been observed to 

obtain moisture from mud or small pools of water.  
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CHAPTER 3 

MORPHOLOGY, LIFE HISTORY AND BEHAVIOUR OF Papilio 

Schmeltzii IN CAPTIVITY  
 

3.1 ABSTRACT 
 

Studies on the biology of this butterfly were carried out under captivity conditions on M. 

minutum. Adult female laid eggs singly on the under surface of tender leaves. Three 

generations were reared during the period from mid April 2008 to end of November 2008 and 

it was estimated that P. schmeltzii has eight generations in a year. The highest mortality 

occurred in the third generation. Eclosion occurred 5 to 6 days following oviposition and five 

larval instars were recorded for P. schmeltzii. The larval instars fed and rested exposed on the 

upper surface of the young foliage of the larval host plant but were not found in direct 

sunlight. The longest and shortest periods recorded were 18 to 32 days for the larval stages 

and the prepupal period lasted for 1.8 to 2 days while the pupal stages lasted for 15 to 20 

days. P. schmeltzii pupated mainly on its larval host plant. The adult P. schmeltzii emerged 

from the pupa stage between 6am to 9am. The adult longevity ranged between 12 and 41 

days but the average longevity of male and female was 18 and 24 days, respectively. The 

sexes were quite similar but the females were generally larger than the males. The females 

were dark brown and the male was black in appearance. Copulation of P. schmeltzii lasted 

about 1 hour 28 minutes to 18 hours 30 minutes. Number of eggs laid by the female P. 

schmeltzii in captivity was higher than that under natural conditions. Activities (feeding, 

chasing, mating and oviposition) of P. schmeltzii butterflies were high in the morning and 

evenings but low in the middle of the day.  

 

3.2 INTRODUCTION 

3.2.1 Life History of Asia-Pacific Swallowtail Butterflies (Genus Papilio) 
 

Most of the Asian Papilio are found in the tropical climate and are brightly coloured. They 

are distributed in Asia, Papua New Guinea, Australia, New Caledonia, Vanuatu, Solomon 

Islands, Fiji and Samoa. Some of these Asian Papilio species have tails and some do not. P. 

ambrax, P. demoleus, P. aegeus, and P. anactus has no prominent tail like P. fuscus and P. 

ulysses. The Papilio species differ from each other by morphological differences at each 

stage of their life cycle but in some cases, it is hard to classify them in their early stages. The 
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Asian tropical Papilo utilize diverse habitats such as woodland, open areas, forested areas, 

mountain areas, grassland and also inhabits suburban gardens. Asian tropical Papilio species 

have pale yellow or pale green smooth, spherical eggs between 1mm – 1.5mm in width, laid 

under the foliage of young leaves, occasionally on the upperside of leaves; however, P. 

demoleus and P. aegeus lay eggs mainly on the surface of the leaves. The female Papilio 

butterflies lay eggs singly on plants of the Family Rutaceae, usually one egg per leaf except 

P. demolion and P. antonio. In addition, most of the Papilio butterflies exploit the native and 

cultivated Citrus species and P. demoleus is considered a pest in Citrus orchards (Parsons 

1999; Grund 1999; Braby 2000). 

 

It generally takes about four days to one week for an egg to hatch. Most of the early instars of 

Papilio larvae (P. demoleus, P. anactus, P. aegeus, P. fuscus and P. ambrax) are brown and 

white in colour, resembling a bird dropping as camouflage against predators. Late instar 

larvae are greenish or yellowish green in colour, to blend in with the surrounding green 

leaves and feed singly on the surface of the leaves (Parsons 1999; Grund 1999; Braby 2000). 

The larvae possess a two-pronged red gland (osmeterium) on the head in all stages of the 

larvae that appears and produces a strong smell of rotting orange fruits when the caterpillar is 

disturbed. This acts as a deterrent to both vertebrate (birds, lizards and mice) and invertebrate 

(ants, spiders and wasps) predators. The larvae will also attempt to throw their heads 

backwards or sideways to deposit the chemical (composed of a butyric acid) on the predator. 

This is effective as the acid is an irritant (Honda 1983). The larval stage is completed in about 

three to six weeks (Braby 2000). The pupae are either green or brown in colour depending on 

the substrate it is attached to, hence hard to detect, also it looks like a broken extension of the 

stem. Pupation is generally on the twig or stem of the host plant, for duration of two weeks or 

more. Pupae are dormant in the dry season (Parsons 1999; Braby 2000).   

 

P. fuscus was vulnerable to insect predators when there is an increase in local population, 

chalcid wasps attacked pupae and adults preyed upon by wagtails (Rhipidara leucophrys) in a 

Citrus orchard in Bulolo, PNG. P. aegeus was also affected by R. leucophrys (Parsons 1999). 

Parasitic wasp larva attacked the P. demoleus caterpillar from the inside but still kept the 

caterpillar alive and eventually attacked the vital organs of the caterpillar thus killing it. P. 

ulysses appears as sudden, blue flashes, when flying making it difficult for the predators to 

follow. P. ulysses rests with its wings closed and the underside of the wings are drab brown 
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in colour, easily blending in with its surroundings. P. anactus mimics the toxic male of 

Cressida cressida to gain protection from predators (Grund 1999). 

 

3.3 OBJECTIVES 
 

� To investigate all stages of life cycle of the P. schmeltzii in captivity.  

� To investigate the behavioural aspects of P. schmeltzii in captivity.  

 

3.4 METHODOLOGY  

3.4.1 Rearing P. schmeltzii in Captivity  
 

Information on seasonal development of the larvae was obtained by observing the insect in 

the field. However, during this study, eggs of P. schmeltzii were not abundant in the field, 

most of the larval populations that were found were small, and most of the larvae were in the 

third or later instars. Therefore, it was not possible to make a thorough study of the immature 

stages as they occurred in nature. Accordingly, the life cycle was studied by rearing the 

butterfly in a specially designed cage to work out its life cycle and to understand other 

aspects of its biology.  

 

The cage was designed to provide conditions close to its natural habitat. P. schmeltzii was 

reared in the green house at the University of the South Pacific (Laucala Bay, Suva) during a 

one-year period. The cage was 3.4m wide, 7.1m long and 1.8m high and on one side of the 

cage a 1.6 X 0.9 meters door was fitted. The temperature inside and outside the cage was 

same. A big cage was built to provide P. schmeltzii butterflies with an adequate amount of 

movement as they are big in size and they have long distance flight path. The cage was 

covered with PVC mesh of two colours (black and sliver). Sliver mesh was made of 

aluminium and covered the sides of the cage to allow more sunlight to pass through. Black 

mesh was made up of polythene and covered the top of the cage, to provide shade and keep 

the inside of the cage cool. The whole of the cage was covered, including the bottom to 

prevent any predators from entering the cage.  

 

Flowering plants (for nectar) were placed on one side of the cage and the larval host plants on 

the other side in big pots. Flowering plants were kept on the sunlit side of the cage, where the 

sun shines first in mornings and the larval host plant was placed in the shaded part of the 
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cage.  Two big native trees (Ficus spp. and an umbrella tree – Brassaia actinophylla) were 

kept in the cage to provide shelter for P. schmeltzii. Four rutaceous plants (Euodia hortensis – 

uci, Murraya koenigii – curry leaves, Citrus reticulata – mandarin and Micromelum minutum 

– wiriwiri) were placed in the cage to see which plants P. schmeltzii females preferred to lay 

their eggs on. Furthermore, Lantana camara, Ixora coccinea (red), Stachytarpheta urticifolia 

(purple flowers), Pentas lanceolata (white & purple flowers), and Tagetes erecta (marigold – 

yellow flowers) were placed in the cage for adult food and to study which flowering plants it 

favoured for nectar.  

 

The cage was used to study the larval host plants, nectar source, fecundity, longevity, and 

behavioural studies of the butterflies. A wild gravid female was caught from the Vatukarasa 

study area in a butterfly net and placed in the rearing cage the same day. She successfully laid 

eggs on the host plant in the cage and three successive generations of the butterfly were 

reared, starting mid April 2008.  

 

In captivity, the life cycle of P. schmeltzii was thoroughly observed from start to end of its 

first generation (lasted for 97 days) throughout the day and important features, which were 

missed out or difficult to record in the field, were noted. Detailed studies were done on the 

four stages that P. schmeltzii goes through (including the shape, size, variation in the colour, 

morphological characteristics, growth, duration and mortality). The immature stages were 

studied on the potted M. minutum to obtain estimates of survival and to document the colour 

changes that accompanied ageing. The durations of the different developmental stages (egg, 

larval, and pupal stages) and longevity of adults were recorded in the butterfly cage outdoors. 

Fecundity was estimated by counting the eggs deposited in the cage and the oviposition rate 

was calculated by the number of eggs laid per day, averaged over the first five days of 

oviposition. The features of larvae such as colour, what it eats, how many larval instars it 

passes through before pupation, the length of time between moults, growth rate, measurement 

of each stage, feeding times at each instar, and the changes that come with each instar were 

observed. Larvae that hatched from eggs laid on the M. minutum leaves were then reared to 

maturity and larval behaviour was studied on M. minutum. Larval growth was measured as 

the length of individuals and growth rate as the percentage change in body length during each 

day between measurements. 
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Further, studies of pupation were done; features of the pupa, duration of pupa stage, 

measurement of pupae, what time of the day it emerged and colour alteration of it when it is 

ready to emerge was recorded. Behavioural aspects of the species were recorded (i.e. 

courtship behaviour it displayed, mating was observed, duration of copulation, how many 

times it mated in its lifetime). Ovipositon was closely observed in the cage, the number of 

eggs laid was counted, on which Rutaceae plant it laid on was noted. Measurement of adults, 

their interactions in a closed environment and how many days they survived in the cage were 

observed.  Mortality percentage was recorded by dividing the total number of P. schmeltzii 

that did not survive by the total number of eggs laid in the beginning and multiplying it by 

100 for all the generation reared in cage. Adult butterflies were observed on various 

occasions such as feeding, coupling, chasing and oviposition, in the cage. Since the cage was 

big, all the observations were made standing inside the cage with the P. schmeltzii butterflies.  

 

Growth and development rates of insects are affected by temperature changes (Scriber and 

Lederhouse 1983.). In addition, the temperature was also recorded in order to measure the 

development of the species in ‘day-degrees’, a composite measure used in entomology to 

record development times. Degree days was calculated between P. schmeltzii stages until the 

butterfly emerged as an adult with a developmental threshold of 0 degrees (with the 

assumption that the insects start developing when temperature are above 0 degrees) using a 

simple formula for the average daily temperature, calculated from the daily maximum and 

minimum temperatures for this time interval. The camera used to take photos in the cage was 

FujiFilm (FinePix A820) with 8.3 Mega Pixel and 4X Optical Zoom.  

 

3.5 RESULTS AND DISCUSSION 

3.5.1 Morphology of all the Stages of P. schmeltzii 
 

The description of the eggs, larval instars, pupae and adults of P. schmeltzii was completed 

by examining the live specimens of immature stages, newly emerged adults and consulting 

the works of Mathew (1885), Van Son (1949), Hancock (1983b), Parsons (1999) and Braby 

(2000). 

 

Eggs  

P. schmeltzii eggs were almost spherical in shape with a slightly flattened base and the 

texture of the chorion was smooth. The eggs were held in place by a crystal clear adhesive 
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(Figure 3.1). The individual eggs varied from 1mm to 1.2mm in diameter with a height of 

0.85mm to 1mm because of the flat bottom. In the cage, the incubation period of 267 eggs 

varied from 5 to 6 days, the average being 5 days and the temperature ranged from 28 °C – 

32.9 °C (Table 3.1). P. schmeltzii eggs are smaller in diameter when compared to those of P. 

aegeus (2.5mm), P. albinus (1.5mm) and P. ambrax (2mm). However, most of the tropical 

Papilio species hatch within 5 days after ovipositon as seen in P. ambrax (3 days), P. albinus 

(4 days), P. aegeus (5 days) (Parsons 1999) and P. polytes (3 days) (Suwarno et al. 2007).   

 

Larval development within the egg commences immediately after being laid (Vane-Wright 

and Ackery 1984). P. schmeltzii eggs were glossy light yellow when newly laid, but after 1 – 

2 days it became heavily speckled brown one third of the way on top of the egg and turned 

orangish-brown, then black one day before hatching. Just before hatching, the shell became 

clear or colourless and the young larva was seen curled into a U-shape beneath the chorion, 

head facing up (Figure 3.2).  

 

Larvae  

First Instar: Newly hatched larvae were extremely small and about 3mm in length.  They 

then grew to a length of 3mm – 7.4mm. This instar lasted for 2 to 6 days (28 °C – 32.9 °C) 

before it moulted. Head was shiny black and hirsute, the dorsal surface was white with a dark 

brown transverse band on the 1st and 2nd abdominal segments; all the segments had pairs of 

white subdorsal spinose tubercles and longest on prothorax facing forward and tenth 

abdominal segment pointing backwards; the lateral and ventral regions were dark brown 

(Figure 3.3). 

 

Second Instar: It grew to a length of 7.8mm – 12.6mm. This instar lasted for 3 to 7 days (27.6 

°C – 32.2 °C) before it moulted. Similar to the first instar but the metathorax, and 1st, 2nd, 

6th, 7th, 8th abdominal segments dorsally were olive brown with the white subdorsal spinose 

tubercles reduced, mesothoracic region notably humped; osmeterium long and reddish pink 

(Figure 3.4). 

 

Third Instar: It grew to a length of 12.8mm – 20.6mm in 4 to 7 days (25.9 °C – 32.2 °C) 

before it moulted. It was similar to the second instar, but the spinose tubercles were not 

conspicuous. and resembled short, fleshy, wart-like tubercles of brown colour on all segments 
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except for the prothorax, 3rd, 4th, 9th and 10th abdominal segments where it retained its 

white colouration, saddle mark rather V-shaped dorsally on 3rd and 4th abdominal segments 

extending laterally on to 2nd abdominal segment; an obscure brownish stripe running along 

the central dorsal abdominal segments (Figure 3.5).     

 

Fourth Instar: It grew to approximately 21mm – 29.2mm in 3 to 6 days (24.7 °C – 32.2 °C), 

initially similar to the third instar. Glistening dark brown but with creamy white prothorax 

(extending laterally to mesothorax) and 10th abdominal segments; all prolegs and 

ventrolateral abdominal area above them were white (Figure 3.6). 

 

Fifth Instar: It grew to about 29.7mm – 49.5mm in 4 to 12 days (24.7 °C – 30.6 °C). The 

osmeterium was long and red; tubercles were present on all thoracic segments and abdominal 

segments 1, 5 – 9; the thorax was slightly humped; all prolegs and ventrolateral abdominal 

region were white. Larvae exhibited colour polymorphism, two types were seen - green and a 

striped one. The green larvae were dorsally uniform golden green or green with yellowish 

green lateral patches, transverse white to dark brown thoracic band and with a white 

ventrolateral line. The abdominal segments had a white or brown ventrolateral band 

extending obliquely backwards dorsally over abdominal segments 4 and 6 each, margined 

with white above and below, that on segment 4 extending dorsally backwards to segment 5 

(Figure 3.7). For the striped larvae, the body colour was variable, and was green or orangish 

brown with many white, yellowish-white, yellowish-green and yellow lateral steaks and 

transverse dark brown to black thoracic band. Abdominal segments were with a black or 

brown ventrolateral band extending obliquely backwards dorsally over abdominal segments 4 

and 6 each and margined with white above and below; that on segment 4 extending dorsally 

backwards to segment 5. V-shaped saddle mark dorsally on 3rd and 4th abdominal segments 

extending laterally on to 2nd abdominal segment was very distinctive; a structured pale small 

v-shaped marks along the middle dorsally on all abdominal segments; tubercles on abdominal 

segments 5 and 6 were black and prominent (Figure 3.8 and Figure 3.9). 

 

P. schmeltzii larvae have five instars and the larval stage lasted from 18 – 32 days in the cage. 

The first four larval instars closely resembled fresh bird droppings (as protection from 

potential predators). Almost all Papilio species mimic bird droppings in its early instars and 

turn green in later instars to hide from predators (Henning et al. 1997; Parsons 1999; Braby 
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2000; Suwarno et al. 2007). P. schmeltzii larval instars are similar in this context but the early 

instar larvae are more closely related to that of P. godeffroyi (Mathew 1885), P. aegeus 

(Braby 2000) and P. fuscus (Parsons 1999), as they all are dark coloured with the anterior, 

middle and posterior parts having broad transverse white bands on the dorsal surface. P. 

schmeltzii and P. godeffroyi larvae have a very prominent white v-shaped mark on the middle 

part of the larvae but in P. schmeltzii the white v-shaped mark becomes bigger through 

growing instars and is the opposite in P. godeffroyi. P. schmeltzii larvae are distinguished 

from that of P. fuscus by the presence of the fleshy subdorsal-branched tubercles. In contrast, 

P. aegeus bears much longer subdorsal tubercles than in P. schmeltzii. P. amynthor and P. 

godeffroyi (Hancock 1983b) also have tubercles in their larval stage (Figure 3.10).  

 

The last instar larvae are polymorphic with a bright green and shades of green and orange 

colour (with a prominent pale v mark in the middle dorsally) camouflaging with the leaf 

background. The first four larval instars show no colour polymorphism however, the last 

instar larvae did. The final instar (5th instar) of the larval stage of P. schmeltzii, feeding on M. 

minutum, have two different colour patterns (tiger stripe type and fat green type), this 

corresponds to those of P. aegeus that often use Citrus plants as their larval host (Figure 

3.11). The tiger stripe type has some variation in colour but the v-shaped white colouration in 

the middle is very distinctive. A preliminary work done by Clarke et al. (1963) on larval 

colour patterns of P. demodocus that feeds on Citrus and Apiaceae in South Africa shows that 

the final instar of Citrus feeding larvae have different larval colour pattern feeding on 

Asteraceae rather than Rutaceae. The results showed no evidence that different food plants 

caused the diverse larval patterns but were determined by a single pair of genes that 

determines the distinct larval colour patterns. 

 

Pupa  

The Pupa of P. schmeltzii is curved and roughly textured. It had two short angular projections 

on its head, a very small pair of tubercles on the dorsal side of the head, and had a less 

prominent dorsal projection on its thorax with two pairs of angular lateral projections on the 

thorax. The abdomen had two small pairs of subdorsal conical projections or tubercles, which 

were ridged subdorsally. The middle of the pupae is strongly convex ventrally in the middle, 

dorsally moderately concaved, and narrowed where the suspending silken girdle supported it. 

P. schmeltzii pupae occurred in green and brown colours. The green pupae were dull bluish 

green in colour matching the colour of the M. minutum leaves. The ventral side of the pupae, 
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on the wing cases and the abdomen was marked with silvery greyish white stripes, with 

bright yellowish green dorsal markings on the abdomen, forming a conspicuous triangular 

mark. In addition, a short greyish white stripe on both sides of the dorsal abdomen, starting 

from the anal and ending at the middle of the abdomen (Figure 3.12). The brown pupae were 

dark orangish brown in colour with dark brown projections. The ventral side of the pupae, on 

the wing cases and the abdomen was light brown with silvery greyish white streaks, and had 

a thick, central whitish grey line on the dorsal side of the abdomen, running from the anal to 

the middle of the abdomen (Figure 3.13). The pupae ranged from 34mm – 39mm in length 

and the pupal stage was 15 to 20 days long (24.7 °C – 30.6 °C) (Table 3.1).  

 

Mathew (1885) stated that P. schmeltzii and P. godeffroyi pupae are from 30mm to 35mm 

long. In this study, P. schmeltzii pupae are found to be longer with the range of 34mm – 

39mm.  P. schmeltzii and P. godeffroyi have similar pupae colouration, strongly curved and 

body narrowed at the centre but P. godeffroyi pupae are attached to the midrib of a leaf and 

those of P. schmeltzii attached to the stem or twig of the host plant as seen in this study. 

 

Adult 

Upperside – female dark brownish black (Figure 3.14) and male velvety black (Figure 3.15); 

fore-wing with narrow subapical band of white spots united with postdiscal band but much 

reduced or absent in males and with small white spots along the outer margin. Hind-wing 

with a broad white postmedian area and deeply curved along outer edge, followed by the 

submarginal series of blue crescentic spots and below this an irregular series of orange 

crescentic subtornal and subterminal spots, with thin white lines along the outer margin and 

termen with a prominent lobed shaped tail at the end of vein M3. 

 

Underside – female dark brownish black and male velvety black; fore-wing with a broad 

subapical band of white spots united with postdiscal band (when compared to the upper 

forewing), evenly curved, much narrower in males and with small white spots along the outer 

margin. Hind-wing with postmedian white area found on the upperside hind wing was greatly 

reduced to a thin series of spots but still evenly curved, the submarginal series of blue and 

orange crescentic spots were more distinct (well developed below, reduced above), thin white 

lines along the outer margin.  
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All or most white, blue and orange markings on the forewing and the hind wing on both 

upper and under side becomes reduced or disappears as the butterflies age and the scales 

come off by brushing the vegetation around it during flight and the white areas become 

creamy to very light yellow hue. 

 

The P. schmeltzii is a large species with a wing span range of male 84 to 104 mm and for 

female 94 to 106 mm. Under caged conditions the female lived from 15 to 41 days, averaging 

24; the male lived from 12 to 28 days, averaging 18 (Table 3.1). The sexes were quite similar 

but the females were generally larger than the males, often have larger abdomens for carrying 

their eggs and the subapical band on the forewing was much more distinctive in females. The 

females were dark brown and the male was black in appearance.  

 

The length of P. schmeltzii (Male: 84 –104 mm; Females: 94 – 106 mm) seemed to be 

roughly similar to that of P. aegeus (Male: 102 mm; Females: 108 mm) and P. fuscus (Male: 

85 mm; Females: 91mm) from Australia (Braby 2000). Also the maximum life span of P. 

schmeltzii was not similar to that of P. helenus male (44 days) and 37 days for P. protenor at 

Kodakasa-yama on Shikoku island (Nozato et al. 1985).  

 

The sexes are similar in P. schmeltzii and also in P. amynthor (Hancock 1983b) and P. 

godeffroyi (Semper 1866). Hancock (1983b) reported that P. schmeltzii and P. godeffroyi 

adult morphological features are analogous. They have forewing with subapical pale band 

united with postdiscal band; however, in P. schmeltzii it is much more reduced and evenly 

curved and in P. godeffroyi it is angled apically. The orange markings on the underside of P. 

schmeltzii wings are much more extensive than on P. godeffroyi butterfly. Insects develop 

according to their exposure to temperature because they are ectotherms. This assumes that the 

insect starts developing when temperatures are above 0 degrees. The average day degree of P. 

schmeltzii of five individuals was calculated to be 1289.2 (Appendix I). 
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Figure 3.1: Newly laid egg of P. schmeltzii on the M. minutum leaf in the cage. 

 

  

Figure 3.2: Colour variation of P. schmeltzii eggs with age in the cage. Newly laid eggs (a), 

half way through egg stage (b) and eggs close to hatching (c). 

a b 

c 
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Figure 3.3: Dorsal view of the first instar larva of P. schmeltzii on the M. minutum leaf in the 

cage. 

 

 

Figure 3.4: Dorsal view of the second instar larva of P. schmeltzii on the M. minutum leaf in 

the cage.  
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Figure 3.5: Dorsal view of third instar larvae (a and b) of P. schmeltzii on the M. minutum 

leaf in the cage.  

 

 

 

 

Figure 3.6: Lateral (a) and dorsal view (b and c) of fourth instar larvae of P. schmeltzii on the 

M. minutum leaf in the cage.  

a 

b 

c 

a b 
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Figure 3.7: Dorsal (a) and lateral view (b and c) of the uniform green fifth instar larvae of P. 

schmeltzii in the cage.  
 

 

 

    
Figure 3.8: Dorsal view of stripe fifth instar larvae (a and b) of P. schmeltzii in the cage. 

 

a 

a 

b 

c 

a b 
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Figure 3.9: Lateral view of the stripe fifth instar larvae (a and b) of P. schmeltzii in the cage. 

 

 

 

Figure 3.10: Difference in length of tubercles in the fourth instar larva of P. aegeus (a) 

(Photo by Dr. Takashi A. Inoue) and P. schmeltzii (b) in the cage. 

   

 

a 

b 

b 

a 
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Figure 3.11: Colour variation (stripe and green) of fifth instar larvae of P. aegeus (1a – stripe 

and 1b – green) (Photo by Dr. Takashi A. Inoue) and P. schmeltzii (2a – stripe and 2b – 

green).  

 

  

Figure 3.12: Dorsal (a) and lateral (b) view of the green pupae of P. schmeltzii on the M. 

minutum plant in the cage.  

 

a b 

1a 1b 

2a 2b 
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Figure 3.13: Dorsal (a) and lateral (b) view of the brown pupae of P. schmeltzii on the M. 

minutum plant in the cage.  

 

  
Figure 3.14: P. schmeltzii female upperside (a) and underside (b).  

 

 

Figure 3.15: P. schmeltzii male upperside (a) and underside (b).  

a b 

a b 

a b 
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3.5.2 Life History and Behaviour of P. schmeltzii 
 

Larvae 

When it was time for hatching, the tiny larva chewed an opening through the egg shell and 

emerged head first. The newly emerged larva rested for 2 minutes, then turned and ate the 

empty egg shell (as its first meal). After that, the newly hatched larva crawled to the upper 

surface of the leaf, of the M. minutum plant it was laid on and went to the tip of the young 

leaf (Figure 3.16). Before the larva fed on the leaf, it spun a pad of silk in the centre of the 

leaf, which was thick and firm for support and then started feeding on the edge of the leaf. 

First to third instar larvae were mostly found at the tip of the leaves (Figure 3.17) and the 

fourth and fifth instar larvae were found in the middle of the leaves (Figure 3.18).  

  

All the larval instars fed openly on the upper surface of the young foliage and also rested 

exposed on the upperside of the leaves of the larval host plant. P. schmeltzii larvae were 

solitary as the larvae fed independently in all instars on the larval host plants and avoided 

exposure to direct sunlight (Figure 3.19). Larvae of P. aegeus, P. ambrax (Braby 2000), and 

P. demoleus (Badawi 1981) also fed openly on the foliage. Larvae of P. schmeltzii appeared 

to feed both during day and night.  When at rest, it was seen to swell its thorax and shrink its 

abdomen (Figure 3.20).  All instars started eating the leaves from the edge and ended at the 

midrib; they did not consume the midrib and portions of the leaf that had P. schmeltzii eggs 

(Figure 3.21). Later instars devour fully developed new leaves and sometimes older 

leaves. The fourth and final instars of P. schmeltzii larvae inflicted most injury to the M. 

minutum plants as they vigorously consumed foliage. In the cage, latter larval instars often 

ran out of food on one larval host plant and had to move to another to complete their 

development.   

 

Leaves that were completely eaten were clipped at the petioles and dropped from the plant. 

Vane-Wright and Ackery (1984) suggested that this is done possibly to reduce predation from 

birds that locate prey by searching for damaged leaves. Larvae of P. schmeltzii feed on their 

moulted skin so that the head capsules only remained after each moult (Figure 3.22), this 

behaviour is also recorded for P. demoleus (Badawi 1981). 

 

One M. minutum plant had more than six to ten different instar larvae on it (Figure 3.23). This 

apparently was due to the large number of larvae and shortage of the larval host plants in the 
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cage. On one of the congested M. minutum plants it was observed that when a fifth instar 

larva encountered a first instar larva, the fifth instar ate the first instar larva. Cannibalism is 

observed in most of the butterfly larvae. This is one of the reasons why the female butterflies 

lay no more than one egg on each plant in their natural environment, to avoid cannibalism 

and has the ability to detect eggs that have already been laid, and thus avoid laying more than 

one egg per plant (Vane-Wright and Ackery 1984). When two larvae came face to face, they 

swung their head side to side and then moved away from each other; this could be an 

aggressive behaviour when larvae interact with each other.    

 
P. schmeltzii larvae got irritated when it was touched or if the stem it was on was shaken. 

They shrunk in size when touched and reared its head and thorax towards the annoying object 

to dissuade its antagonist before moving (Figure 3.24). When disturbed, the larvae protruded 

its forked, bright red osmeterium (Figure 3.25), lifted its anterior part of the body and swung 

it from right to left and releasing a pungent odour, resembling that of rotten Citrus fruits. The 

osmeterium was present in all instars of the larvae but the colouration was not so vivid in the 

younger instars (Figure 3.26). This behaviour to ward off predators has been observed in 

other tropical Papilio species (Parsons 1999; Braby 2000).  

 

Swallowtail larvae are at a high risk of predation as they are exposed on the larval host plant, 

so they are characterised by a gaudy gland behind the head capsule in a prothoracic pouch, 

which they can evert and display when disturbed. The gland is forked, brilliantly coloured 

red, coated with a pungently odoriferous secretion (Vane-Wright and Ackery 1984). This 

secretion acts as a deterrent to both vertebrate (birds, lizards and mice) and invertebrate (ants, 

spiders and wasps) predators (Grund 1999). The larvae will lash out with accuracy towards 

any point of attack by sidewards or backwards thrusts of the larva’s anterior (Vane-Wright 

and Ackery 1984), to deposit the chemical on the predator which was also seen in P. 

schmeltzii larvae (Figure 3.27). This is more effective as the secretion is usually composed of 

a butyric acid compound having irritant properties (Grund 1999; Reed and Sperling 2006).  

 
Pupation  

P. schmeltzii larvae stopped producing normal droppings (black solid round to black watery) 

at the end of the fifth instar. Before entering the prepupal stage, the larvae discharged a 

greenish black substance on the floor of the cage. This happened because the larvae purge the 

gut of semi-digested larval host plant and metabolic wastes (Vane-Wright and Ackery 1984). 
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During this stage, larvae stopped feeding, settled on a secluded site, each for itself, and 

became attached from the posterior to the stem by a relatively strong cremaster (silken pad) 

and the head held up wards or upright by the support of a frail black central silken girdle 

thrown around the thorax and the stem that held them in place. It either reclined from the 

vertical or was suspended horizontally.  

 

The larvae hung on the stem by a silk thread and shrunk in size and their segmentation 

showed more clearly (Figure 3.28). The larvae then shed their skin once more. The exposed 

layer of skin hardened to form the chrysalis, when the larva pupated (Figure 3.29). Shortly 

before the larval skin was shed, the pre-pupa was inactive and appeared rigid. The chrysalis 

could not change position, has little or no movement but there were dramatic changes going 

on inside the chrysalis. The internal organs of the larvae broke down and formed a ‘cellular 

soup’, which metamorphose into the internal and external organs of the butterfly (Vane-

Wright and Ackery 1984). The discarded larval skin (whitish brown) remained around the 

last two or three segments of the abdomen (Figure 3.30).  

 

P. schmeltzii showed no tendency to wander from the larval host plant and pupated on its 

larval host plant. Green pupae were observed on larval host plants that had leaves and brown 

pupae were found on larval host plants where all the leaves were eaten by the P. schmeltzii. 

However, a few matured larvae left the larval host plant to pupate on stem of other plants, on 

the sides of the pot plants, stone wall and mesh of the cage due to the scarcity of the larval 

host plants in the cage (Figure 3.31). All larvae that wandered off from their larval host plants 

became brown pupae except for the ones on the stems of other plants that turned green. The 

larvae of P. xuthus always stayed on the same larval host plant and did not emigrate to 

another unless they ate up all of the leaves (Watanabe 1976). The prepupal stage lasted for 1 

to 2 days. 

 

Pupae were found exposed but in sheltered places and pupation usually occurred on the 

undersides of leaves on the stem of the larval host plant. P. schmeltzii pupa occurred in two 

colours- larvae that pupated amongst the leaves turned green, those that pupated on other 

substrate turned brown. Papilionini pupae are often dimorphic and usually match well the 

substrate on which the larvae pupate, being either green or brown (i.e. resembling a leaf or 

twig in colour) to blend with their environment to ward off predators (Braby 2000). The 

colour pattern imitated the stem to which the pupa was attached, such that it resembles dead 
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twigs, or new leaf buds. If the stem is green or the surrounding parts are leafy, then the pupal 

colour is mostly green, or if the stem is brown without nearby leaves then the pupa is brown 

(Grund 1999).  

 

Some swallowtail butterflies produce both green and brown pupae like P. aegeus (Braby 

2000), P. godeffroyi and P. amynthor (Hancock 1983b). The observation by Wiklund (1975) 

supported that green pupae are cryptic even on slender brown stems because they resemble 

leaves. P. schmeltzii produced a high frequency of green pupae (53 green and 7 brown in the 

first generation in the cage) on slender stems in the greenhouse cage and hence the high 

proportion of green pupae is not surprising in our study, where most larvae pupated on very 

slender stems. Many studies have shown that the green and brown forms of pupae can be 

produced by factors such as the substrate on which pupation occurs. Smith (1978) reported 

that the factors influencing pupal colouration in P. polytes, P. demoleus and P. polyxenes 

butterflies depended upon time of day at which larvae selected pupation sites. In P. polytes, 

the selection of a pupation site occurs often at night, non-optical factors, such as substrate 

texture, are used to distinguish between alternative green (leafy) and brown (twigs and 

branches) environments. In P. demoleus and P. polyxenes, selection of a pupation site either 

occurs in daylight or at night and both species appears to have a greater sensitivity to light 

than does P. polytes. Another study by Smith (1980) suggested that light stimuli were the 

most important factors involved in the determination of pupal colour in Pieris rapae, Pieris 

napi and Pieris brassicae butterflies as the larvae of these species select pupation site during 

daytime. In particular, yellow (associated with green foliage) and blue (associated with sites 

away from green vegetation) spectral wavelengths determine the production of green and 

brown pupae, respectively.   

 

Adult  

Eclosion  

The pupae became long, their segments stretched and colour changed one day before 

emergence and the butterfly inside the casing was visible (Figure 3.32). This colour change 

was due to pigment appearing in the butterfly scales (Vane-Wright and Ackery 1984). Adult 

emergence was observed in early morning soon after sunrise. The P. schmeltzii adults 

emerged from the pupa between 6am to 9am and only few emerged after 9am (Appendix P). 
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The pupae case split open in front of its head and the butterfly emerged with its upper body 

coming out first and then its legs to grasp on to something and then the lower body. When it 

first emerged, the body was swollen and the wings were wet and crumpled. The P. schmeltzii 

butterflies hung upside down as its wings expanded; this was due to blood being pumped 

through the veins in the wings so they could fly. To do this, it used its body as a pump and 

forced fluid through a series of tube-like veins (Vane-Wright and Ackery 1984). It also 

secreted creamish/milky liquid from its posterior end and its abdomen shrunk in size. When 

the P. schmeltzii adult emerged from the pupa, it uncoiled and coiled its proboscis until it 

joined the two separate proboscises. It remained upside down while the wings dried and 

hardened. It took from about 55 minutes to 1 hour 55 minutes to expand their wings, during 

this time the P. schmeltzii butterflies kept opening and closing its wings (Figure 3.33). The 

butterflies then took off on their first flight, 11 minutes – 57 minutes later after its wings 

spread (Appendix J). 

 

Sex Ratio  

The sex ratio of adults reared from eggs in the cage was 3:2. Of 267 eggs reared in the first 

generation, 30 were males, 17 females; therefore, the males were more abundant than 

females, same as observed at Vatukarasa study site. The number of females of P. polytes was 

also found to be smaller than that of males during the study period, in Dharan, Nepal 

(Watanabe 1979c).  

 

 

Figure 3.16: First instar larva of P. schmeltzii making its way to the upper surface of the M. 

minutum leaf with eggs of different ages on the same leaf in the cage.  
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Figure 3.17: First (a), second (b) and third (c) instar larvae of P. schmeltzii at the tip of M. 

minutum leaves in the cage.  

 

  

Figure 3.18: Fourth (a) and fifth (b) instar larvae of P. schmeltzii in the middle of M. 

minutum leaves in the cage.  

 
 

 

a b 

c 

a b 
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Figure 3.19: Fourth instar larvae (a and b) of P. schmeltzii feeding singly from the edge of 

the M. minutum leaves in the shaded area of the cage.  

 
 

 

Figure 3.20: Fourth instar larva of P. schmeltzii resting with its thorax swollen on the upper 

surface of M. minutum leaf in the cage.  

 

  

Figure 3.21: Leaves of M. minutum plant eaten by P. schmeltzii larvae, except for midrib and 

portion on which eggs were located in the cage (a and b).  

a b 

a b 
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Figure 3.22: Fifth instar larva of P. schmeltzii and its moulted skin on the M. minutum leaf in 

the cage.  

 

Figure 3.23: M. minutum plant infested with P. schmeltzii larvae in the cage.  
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Figure 3.24: Fifth instar larva of P. schmeltzii shrunk in size when touched in the cage.  

 
 

 
 

 

Figure 3.25: P. schmeltzii fifth instar larva, with osmeterium extended, in the cage.  
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Figure 3.26: Osmeterium extruded in the second (a), third (b), fourth (c) and fifth (d) instar 

larvae of P. schmeltzii in the cage.  

 

  

Figure 3.27: Defensive posture of fifth (a) and second (b) instar larvae of P. schmeltzii in the 

cage.  

   

  
 

Figure 3.28: Pre-pupa of P. schmeltzii (lateral view (a) and ventral lateral view (b)) in the 

cage.  

a b 

c d 

a b 

a b 
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Figure 3.29: Pre-pupa of P. schmeltzii beginning to turn the colour of the pupa in the cage. 

 

 

Figure 3.30: Discarded larval skin on the last segments of the P. schmeltzii pupa in the cage. 

 

 

 

Larval skin 
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Figure 3.31: P. schmeltzii brown pupa on the mesh of the butterfly cage (a). P. schmeltzii 

green pupa on the S. urticifolia plant (b) in the cage.  

 

  

Figure 3.32: Green (a) and brown (b) pupa 12 hours before emergence of adults in the cage, 

the pupae has elongated and segments are clearly seen and not fused together.  

a b 

a b 
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Figure 3.33: Eclosion of P. schmeltzii adults in the cage. The pupa case opened and the 

butterfly started to come out head first (a). The legs came out next and held on to the paper 

for support (b) and then the lower body came out of the pupa (c). The whole body came out 

(d), the wings were wrinkled (e), and the body was swollen (f) and climbed up, moving away 

a b 

c d e 

f g 

h i 
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from the pupa shell, with wings expanded (g). It flew to a twig and kept closing (h) and 

opening (i) its wings to make it dry.  

 

Flight 

Temperature: Sunshine has a very strong influence on insect activity. Radiant energy can be 

utilized to raise body temperature and light is essential for visual communication and 

information (Vane-Wright and Ackery 1984). In the cage, P. schmeltzii flight began shortly 

after sunrise and their activities were largely restricted to feeding, chasing, mating and 

oviposition. They rested in the middle of the day (12pm – 3pm), probably due to high 

temperatures at that time and then became active again after 4pm until 6pm. However, 

activity was higher in the morning than in the evening (Figure 3.34). During night hours 

adults rested on top of leaves of tall plants or hung on the wired mesh, with their wings open 

widely (Figure 3.35), shaded by the framework of the cage and stayed motionless.  

 

Figure 3.34: Activities of seventeen P. schmeltzii butterflies at different hours in a day in 

relation to temperature in the cage (Appendix K).  
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Foraging 

P. schmeltzii butterflies fed during the day with significant peaks in the morning and 

afternoon. All the butterflies fed in the day but less in hot temperature at midday (Figure 

3.34). Whilst feeding, the butterflies did not settle on the flower but grasped the flower with 

their legs, with wings vibrating (Figure 3.36).  

 

Copulation 

The breeding studies of Papilio machaon bairdii (Thompson 2003) suggested that 

swallowtails do not readily pair by themselves in captivity so hand pairing is advised. In 

order for this to work, the male should be at least three days old and the female should be as 

fresh as possible in a sunlit room or greenhouse. It was also advised to "force-feed" female 

swallowtails (a cotton ball saturated with a 15% honey solution) in captivity in order to get 

maximum egg output. However, no hand pairing was needed as they paired up themselves 

and also no need to force feed the female as they had plenty of flowering plants in the cage 

and they had adapted well to the cage environment.  

 

In the cage, no patrolling and perching mate-location behaviour was seen in the males of P. 

schmeltzii. P. schmeltzii were very sociable, did not fight or show any aggressive behaviour 

towards each other but sat separately on their own on a plant or hung onto the mesh of the 

cage. Male and female P. schmeltzii butterflies were of similar colours and the males 

intercepted any passing black objects and of the same size as their own species. Location of 

females by the males seems to be mainly by sight, as they use colour as signal to search for 

females (Vane-Wright and Ackery 1984).  

 

Mating was not observed in the wild but only in captivity. The males initiated courtship in P. 

schmeltzii and this is generally seen in other butterflies (Vane-Wright and Ackery 1984). 

Males hovered below the females, the wings beating rapidly and came up to her for her 

response. Males persistently followed the females, willing to mate with any receptive females 

(Figure 3.37). However, females that had already mated rejected the males by rapidly flying 

upwards or settled down on a leaf with wings open and became passive. As the avid males 

left, the females resumed their activities such as feeding, ovipositing and looking for suitable 

larval host plants (Vane-Wright and Ackery 1984; Suzuki et al. 1985).  
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When a female was receptive, the male extended his claspers from normally retracted 

position, approached the female from one side with his abdomen curved toward her, and 

suddenly grasped her abdomen, where the male passed a spermatophore to the female. He 

then turned away from her at the same time and the two came to rest in the end-to-end mating 

position. Mating took place while the butterflies were resting on a plant or when in flight but 

after the abdomens were contacted they settled down (Vane-Wright and Ackery 1984) on the 

fence or on a plant. When in copulation the pair faced in the opposite directions with wings 

wide open and hung downward or settled on a leaf with the female above and the male below 

(Figure 3.38). There were no movements except for the antennae and the male claspers kept 

closing and opening. However, when the pair was disturbed (by shaking the plant they were 

on, lizards, and strong winds), the female few off dragging the male to another location, 

while the males held on with its claspers with wings closed (Figure 3.39).  

 

Males intercepted some females as soon as the females came out of their chrysalis (Figure 

3.40). Therefore, females seemed to be sexually receptive even on the day they emerged. 

Such mating pairs began to copulate after 8.00am on the day of female emergence and 

copulation was high in the morning and became irregular throughout the day (Figure 3.34). 

Thirteen pairs were observed in copulation and each pair remained in copulation about 1 hour 

28 minutes to 18 hours 30 minutes in this species (Appendix L). Darwin recognized that 

butterfly copulations are often prolonged; this could be due to females mating with older 

males, which produces smaller spermatophores (Vane-Wright and Ackery 1984). Initiation of 

mating did not appear to be associated with any particular temperature or relative humidity. 

During the 4 days of observation, the temperature ranged from 25.5°C to 29.3°C and the 

relative humidity was 69% to 89% (Appendix R).  

 

Females of P. schmeltzii were observed to mate only once in its lifetime. When fertilized, 

they did not attempt to copulate again, and had very little attraction for the males. However, 

virgin females attracted mated males and five males were observed mating twice in its 

lifetime. Females of P. xuthus mate more than once with age, while that of P. machaon do 

only once (Watanabe and Nozato 1986). Male butterflies flew off immediately after 

copulation: there was no post-mating behaviour observed. The male’s only contribution 

toward his offspring is the spermatophore and its contents (Vane-Wright and Ackery 1984). 

The female flew off after a minute or so, after the male flew off and started feeding on the S. 
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urticifolia flowers after mating. Females started laying eggs 20 minutes – 2 hours after 

mating.  

 

Oviposition and Fecundity 

The oviposition behaviour of P. schmeltzii in the rearing cage was similar what was observed 

in Vatukarasa area. In the early morning, after basking in the sunlight, the female flew off to 

locate suitable larval host plants for oviposition by touching the leaves with her forelegs but 

not landing. To oviposit, females would land on a leaf of the larval host plant and kept its 

balance by actively fluttering the wings and holding on to the leaves with the tarsal claws 

(Wiklund 1974), curved her abdomen up (Figure 3.41) and deposited an egg at the edge of 

the underside of M. minutum leaf (Figure 3.42).  

 

 

Figure 3.35: Male P. schmeltzii resting on the leaves of umbrella plant with wings open in 

the cage.  

 



91 
 

   

Figure 3.36: Male P. schmeltzii feeding on S.  urticifolia (a) and Pentas (b) flowers in the 

cage. 

  

 

Figure 3.37: Chasing behaviour of P. schmeltzii, male following the female at the top of the 

cage. 

 

Male 

Female 

a b 

Female 

Male 

Female 

Male 
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Figure 3.38: Copulation state of P. schmeltzii male and female in the cage (ventral side (a) 

and dorsal side (b)). 

 

Female 

Male 

Female 

Male 

a 

b 
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Figure 3.39: P. schmeltzii mating pairs moved to the mesh lining of the cage (a) or to another 

plant in the cage (b) when disturbed.   
 

  

Figure 3.40: P. schmeltzii pair in copulation just after female emergence in the cage.   
 

 

Figure 3.41: Female P. schmeltzii about to lay an egg under the M. minutum leaf in the cage. 

a b 

a b 
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Figure 3.42: Eggs of P. schmeltzii found at the edge of the underside of the M. minutum 

leaves in the cage (a and b).  

 

As soon as the egg was laid, the female flew off to another plant to lay another egg. Females 

rested with wings held vertically on the uppersides of the leaves, after laying 3 to 4 eggs, then 

after 3 to 6 minutes later resume feeding, and then started laying eggs again. It took females 

less than 3 seconds to lay an egg. 

 

Single eggs were laid on the underside (97%) of the young and tender foliage of their larval 

host plant near the leaf edge (Figure 3.43) for the first generation reared. The eggs were 

attached to the underside of a leaf, so that they were hidden from predators (Parsons 1999; 

Braby 2000; Henning et al.1997). However, eight eggs (3%) were found to be laid on top of 

the leaves as it cannot reach the underside of the leaves, as the leaf width was too wide 

(Figure 3.44). Less than 1% of the eggs were laid on the stems and petioles (Figure 3.45). P. 

aegeus also occasionally lays eggs on stems too (Braby 2000).  

 

 
Figure 3.43: P. schmeltzii eggs laid on the leaves of the M. minutum plants of the first 

generation in captivity. n = 267 

a b 
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Figure 3.44: P. schmeltzii eggs deposited on the upper surface of the M. minutum leaves in 

the cage (a and b). 

 

 

Figure 3.45: Egg of P. schmeltzii laid on the petiole of M. minutum plant in the cage. 

 

The ecological significance of laying eggs on tender foliage was that the female swallowtails 

would lay their eggs predominantly on the young leaves of the larval host plant, and never on 

older leaves, which soon may drop to the ground where the eggs easily can start to rot (Vane-

Wright and Ackery 1984). In addition, young leaves are high in nitrogen and water that 

makes them nutritionally sufficient (Scriber and Slansky 1981). In the field, females 

a b 
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deposited one egg per leaf, however, in the cage several eggs were seen laid per larval host 

plant. Apparently due to limited number of M. minutum plants in the cage and the restricted 

flying area for the P. schmeltzii  butterflies, more than one egg was laid on a leaf (Figure 3.46 

and 3.47).  Females in the field laid mostly one egg on the same larval host plant but in the 

cage, as many as 36 eggs were deposited in rapid succession on the same leaf. This could be 

due to restriction in movements of the butterflies. In nature, there were many positions that 

were preferred by P. schmeltzii butterflies as oviposition sites and P. schmeltzii butterflies do 

not use same position repeatedly to lay eggs. However, in the cages, a female had difficulty 

finding good positions to lay eggs so she often laid her eggs in the same position. 
 

 
Figure 3.46: Number of immature stages of P. schmeltzii found per larval host plant (M. 

minutum) in the cage (Appendix M).  

 

   

Figure 3.47: More than one P. schmeltzii egg on the same leaf of M. minutum plant but with 

different ages in the cage (a and b). 

a b 
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Females preferred to lay their eggs on small plants less than 2 metres high, on soft regrowth 

foliage (Figure 3.48). It was reported that eggs of P. glaucus were laid on its larval host plant 

ranging from 0.5m – 2.5 m (Grossmueller and Lederhouse 1985). Oviposition of the female 

P. schmeltzii butterflies took place from morning to evening. Oviposition usually began 

shortly after sunrise and had two peaks between 11am – 12pm and 2pm – 3pm (Figure 3.34).  
 

Figure 3.48: Height above ground that immature stages of P. schmeltzii were observed on M. 

minutum plants in the cage.   

 

In this study, we report the fecundity of P. schmeltzii, and their fertility, that is, the number of 

eggs actually deposited by an adult female. Fecundity and fertility are important parameters 

in the interpretation of population dynamics of P. schmeltzii butterflies; however, there has 

been no study of these parameters under natural conditions because of the butterfly’s high 

flight activity and low population density. The fertility per day of P. schmeltzii in captivity 

was higher than that under natural conditions as revealed by the field data. The number of 

eggs laid on individual larval host plants ranged from 4 to 36 (Figure 3.49).  

 

When the reproductive potential for female butterfly is high, she has the ability to lay several 

hundred eggs (Watanabe et al. 1986; Watanabe and Nozato 1986); however, egg survival in 

the field was low. It was observed in the cage that the young females flew straight to their 

larval host plants and quickly oviposited, whilst apparently older and more tattered females 

spent far longer selecting sites on for laying their eggs. The females produced relatively few 

eggs during the first few days of adult life, but oviposition rate quickly rose to a peak and 

then sharply declined after a few days (Figure 3.50). The highest fecundity observed was 267 

eggs for one female (first generation) and the number of eggs deposited in a day decreased 
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with female age. The estimated number of eggs deposited in a day by a female was larger in 

the cage conditions than that in the field study area. A study done by Watanabe et al. (1986) 

reported that young females were found to deposit 35 and 80 eggs a day and older females 25 

and 60 eggs in P. protenor and P. helenus, respectively.  

 

 
Figure 3.49: Number of P. schmeltzii eggs per larval host plant (M. minutum) for the first 

generation in the cage.  

 

 
Figure 3.50: Relationship between the number of eggs laid and age of the P. schmeltzii 

females in cage. Day 0 was referred to the day of eclosion. n = 267 
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3.5.3 Generation and Mortality of P. schmeltzii 
 

In this study, the population of P. schmeltzii was reared; the percentage mortality of immature 

stages was estimated. P. schmeltzii is multivoltine (i.e. has multiple generations per year), and 

three generations were reared from April until November 2008 in captivity. The time taken 

from egg to adult was 38 – 66 days and the temperature ranged from 24 °C to 32.9 °C. The 

larval stage was completed in about 18 to 32 days (24.7 °C – 32.9 °C). The study shows that 6 

to 8 generations of the butterfly may occur annually. P. xuthus and P. machaon has more than 

4 annual generations (Watanabe and Nozato 1986), P. helenus, P. bianor and P. protenor 

have 2 discrete generations in a year at Shikoku Island (Watanabe et al. 1984) and P. 

demoleus had less than 8 generations a year in Riyadh region in Saudi Arabia (Badawi 1981). 

P. xuthus, P. machaon P. helenus, P. bianor and P. protenor have fewer generations in a year 

when compared to P. demoleus possibly because of climate and temperature differences. The 

Japanese swallowtail butterflies are from temperate climate with four seasons and P. 

demoleus is from the tropical climate where the temperature is high and suitable for 

development for all life stages.  

 
P. schmeltzii are maintained at low densities because this species never breaks out in its 

natural environment and its population is usually maintained at a very low level in its diverse 

environment, unlike P. aegeus (Braby 2000) and P. demoleus (Badawi 1981) which are pests 

on Citrus.  

 

The mortality rate from egg to adult was generally high for all three generations however, the 

mortality rate increased through each generation (Table 3.2). This could be due to the 

changes in seasons as the first and second generations were reared in the dry season and the 

third generation was reared in the wet season or the restricted environment and smaller space 

was not suitable for the maintance of several generations of P. schmeltzii butterflies and 

subsequently each generation gave poor offspring.  

 

As shown in Table 3.2, the mortality of the larval instars was high and it was due to shortage 

of larval host plants in the cage that is could have led to starvation due to lack of food and 

cannibalism. In general, egg survival was high in all 3 generations. The highest mortality rate 

occurred in the third generation and most deaths were in the pupal stage. Some dead pupae 

were characterized by their dark black colour, disintegration and liquification of internal body 
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organs, while in others the adults completed development but failed to emerge in the 3rd 

generation (Figure 3. 51).  

 

Egg mortality was low in the cage and no egg predators were found. The larval host plant, M. 

minutum were badly damaged by the larvae stage and predation was low (Figure 3.52) 

because the predators in the cage was removed. Predation likely prevents defoliation of M. 

minutum in the wild. However, larval predation in nature is probably minimized by 

oviposition behaviour (one egg per leaf and few per food plant), bird dropping appearance of 

the larvae (as in other Papilio larvae), secretive behaviour of larvae, and bad-smelling scents 

from the osmeteria when larvae were disturbed (Vane-Wright and Ackery 1984). Ants and 

lizards were the most likely predators of the adult stage in the cage and only the broken wings 

were left on the floor of the cage (Figure 3.53). No mynah birds were seen around or near the 

cage. Heavy rain broke the silk girdle of some pupae so that death resulted for the adults that 

could not emerge and were vulnerable to ants that attacked the malformed pupae (Figure 

3.54). Larvae dislodged by wind or drowned by rain (i.e. death caused by weather) were 

observed for P. zelicaon during the summer generation (Tiritilli and Thompson 1988).  
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Figure 3.51: Third generation pupae of P. schmeltzii that did not make it to the adult stage in 

the cage. Brown (a) and green (b) pupae that did not make it through eclosion, a hole in the 

pupa and inside content missing (c) and adult butterfly could not completely emerge from the 

chrysalis (d). 

a b 

c d 
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Figure 3.52: M. minutum pot plants with leaves all eaten by the P. schmeltzii larvae in the 

cage. 

 

 

Figure 3.53: Wing remains of P. schmeltzii adult with body eaten in the cage. 
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Figure 3.54: Silken pad (a) and silk thread broken (b) of the P. schmeltzii pupae in the cage. 

 

3.6 CONCLUSION 
 

The biology of the Fiji’s endemic butterfly, P. schmeltzii was investigated in captivity. The 

numerous observations made during this study will provide better understanding of the 

biology and ecology of P. schmeltzii. This study focused on all the stages of P. schmeltzii life 

cycle. The morphological characteristics, biology and behaviour of each life stage were 

thoroughly noted. The study would have been more complete with observations and 

experiments on the predators, parasites and diapause stage.  

 
 
 
 

 

 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

a 

a b 
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CHAPTER 4 
INTERACTIONS OF Papilio schmeltzii LARVAE AND ADULTS WITH 

LARVAL HOST PLANTS AND NECTAR PLANTS, RESPECTIVELY:   

AN EXPERIMENTAL STUDY 
 

4.1 ABSTRACT 
 

Larval host plant suitability and oviposition preferences were investigated for P. schmeltzii 

larvae and adult respectively, using four Rutaceae plants, two of which are common plants in 

Sigatoka, i.e. M. minutum and C. reticulata, and two of which could be potential larval host 

plants, namely Murraya koenigii and Euodia hortensis. In experiments, ovipositing females 

only marginally accepted M. koenigii and completely rejected E. hortensis. Larval 

survivorship on these plant species was also compared as an estimate of fitness. Larvae 

performed very well on M. minutum and C. reticulata, whereas larval mortality was much 

higher on M. koenigii and E. hortensis, suggesting the presence of antifeedants or toxic 

substances in these plants.  In the absence of M. minutum, ovipositing females readily accept 

C. reticulata, although the oviposition response to the plant was a little lower (56 eggs) than 

that to M. minutum (86 eggs) and had similar mortality rate (M. minutum – 14% survival and 

C. reticulata – 13% survival). The 1st and 5th instar larval survival was 100% on M. 

minutum, 80% and 70% on C. reticulata and 0% on M. koenigii and E. hortensis. Judging 

from the larval mortality and oviposition response of the adult butterflies, a tentative 

hierarchy of host plant suitability was as follows: 1) Micromelum minutum, 2) Citrus 

reticulata, 3) Murraya koenigii and 4) Euodia hortensis.  

 

In the case of nectar source for adults, the acceptability of Stachytarpheta urticifolia (blue 

rat’s tail), and Pentas lanceolata and four other potential flowering plants, Ixora coccinea, 

Impatiens spp., Lantana camara and Tagetes erecta (marigold) plants were examined. The 

adult butterflies preferred Stachytarpheta urticifolia and Pentas lanceolata for nectar sources 

in this experiment, which are introduced species and both are in the family Verbenaceae. 

Ixora coccinea and Impatiens species were also visited but occasionally.  
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4.2 INTRODUCTION 

4.2.1 Larval Response of Genus Papilio to Larval Host Plant Quality  
 

Investigations into larval host plant suitability and larval host plant preferences have been 

conducted before for Papilio species (Wiklund 1973; Nakayama et al. 2002; Nakayama and 

Honda 2004). Geographic variation in herbivore growth on different host species from a 

particular region is due to geographic distribution of the target plant species. The restriction 

of local populations of an herbivore species may exceed that of any one of its host plants and 

may lead to divergence in behavioural or metabolic adaptation for more efficient exploitation 

of regional subsets of the total number of potential host species available. In addition, 

reduced gene flow between regions can also facilitate genetic differentiation in host use (Blau 

and Feeny 1983; Nitao et al. 1991). 

 

Four umbelliferous plants in Sweden were used to find the suitability of P. machaon larval 

host plants. The hierarchy of larval preferences of different larval host plants were; 

Peucedanum palustre, Angelica archangelica (both common host plants), Pastinaca sativa 

and Aegopodium podagraria (seldom fed upon in nature). Results from mortality, larval 

development rate and mean pupal weight illustrated that the newly hatched larvae showed no 

preferential discrimination between these four plant species, whereas 3rd instar larvae 

apparently preferred the plant species (older larvae develop a liking for their own larval host 

plant) which they had been reared on, irrespective of its suitability. Therefore, it is suggested 

that the young larvae of swallowtail butterflies have a wider genetically determined spectrum 

of potential larval host plants than the old larvae. Thus, the young larvae can survive on a 

larger number of plants than the old larvae, which have grown to prefer one specific larval 

host plant and in the process will have lost the ability to feed on all originally utilizable 

potential larval plants (Wiklund 1973). In nature, this condition is advantageous to 

swallowtail butterflies, since the first instar larvae have no opportunity to choose on which 

plant to live on and have very limited ability to move from tree to tree, as the larval host 

selection is largely determined by the ovipositing female (Wiklund 1973; Lederhouse et al. 

1992).  

 

A study conducted by Blau & Feeny (1983) in which P. polyxenes from two different 

localities (New York and Costa Rica) were reared on Daucus carota and Spananthe 

paniculata, the larval host plants most commonly used by the two populations, respectively. 



107 
 

Larvae from each population grew faster on the larval host plant species from their region of 

origin than did larvae from the other population, though S. paniculata was a superior larval 

host plant for larvae of both populations. Blau & Feeny (1983) also reported that the 

differences in response to this larval host plant were marked at the behavioural rather than 

metabolic level. Generally, the larvae of P. polyxenes refuse to eat apiaceous plants that do 

not belong to the subfamily Apioideae, but the ability of P. polyxenes to utilize S. paniculata, 

belonging to the subfamily Hydrocotyloideae, suggests that S. paniculata evidently contains 

no repellents or toxins that might pose a barrier to feeding by P. polyxenes.  

 

P. polytes utilizes few plant species of Rutaceae as larval host in nature, eight rutaceous 

plants examined are arrayed as follows in decreasing order of acceptability: Toddalia asiatica 

= Citrus depressa = Zanthoxulum ailanthoides > Phellodendron amurense > Evodia 

meliifolia >> Orixa japonica � Murraya paniculata = Melicope triphylla. Larvae performed 

very well on T. asiatica, P. amurense, and Z. ailanthoides whereas high larval mortality on 

M. paniculata and M. triphylla, suggests the involvement of antifeedant(s) or toxic 

substance(s) in these plants to which larvae were maladapted. Larval feeding experiments 

indicate that M. paniculata contains some antifeedant(s) as most larvae were strongly 

deterred from feeding, or may possibly have chemical(s) that cause significant loss of larval 

appetite. On the other hand, all of the larvae that fed on M. triphylla vomited and died within 

a few days, evidently indicating the presence of toxic substance(s) in the plant (Nakayama et 

al. 2002; Murakami et al. 2003). 

 

4.3 OBJECTIVES 
 

� To investigate the ovipostion preference of the adult swallowtail and larval 

performance on four different plant species (Micromelum minutum, Citrus reticulata, 

Murraya koenigii and Euodia hortensis) of the Rutaceae family. 

� To investigate the food preference of adult swallowtails. 

 

4.4 METHODOLOGY  
 

All individuals used in the experiment were the offspring of a single female from the 

Vatukarasa population (first generation), inhabiting an inland coastal area in Sigatoka. The 

only observed natural larval host plant of this population is M. minutum, even though there 
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was C. reticulata of Rutaceae growing in that area. The camera used to take photos in the 

cage was FujiFilm (FinePix A820) with 8.3 Mega Pixel and 4X Optical Zoom. The cage used 

for captive breeding of P. schmeltzii as described in chapter 3 was also utilized in the 

oviposition preference, larval host plant preference and nectar preference experiments of P. 

schmeltzii. Potted plants were used for the study. M. koenigii and E. hortensis was used in 

this experiment as the potential larval host plant for P. schmeltzii larvae because they both are 

of Rutaceae family that occurs in Fiji and in Dharan, Nepal M. koenigii is the larval host plant 

for P. polytes (Watanabe 1979c).  

 

The big cage was divided into four portions and four set ups was made in each portion and 

the experiments were run simultaneously. The first set up had four Rutaceae plants (M. 

minutum, C. reticulata, M. koenigii and E. hortensis – Appendix N), the second set up had 

three Rutaceae plants (C. reticulata, M. koenigii and E. hortensis), the third set up had two 

Rutaceae plants (M. koenigii and E. hortensis) and the fourth set up had one Rutaceae plant 

(E. hortensis). One fertilized female was released in each of the four set ups in the cage and 

oviposition preference of P. schmeltzii was observed for 14 days.  

 

4.4.1 Oviposition Response 
 

The four set ups were established in the butterfly cage for the oviposition preference 

experiment, one female per set up. The female butterflies were released and the oviposition 

responses to the different plants species (M. minutum, C. reticulata, M. koenigii and E. 

hortensis) were observed (Figure 4.1) by allowing the four fertilized females to fly freely, 

with free access to the rutaceous plants species in the four set ups during 14 days. The 

oviposition preferences of the females were expressed in percentages of the number of eggs 

laid on each plant species. This experiment was run from June 08, 2008 until June 22, 2008. 

 

4.4.2 Larval Response 
 

Four Rutaceae plants were again used in this experiment, M. minutum, C. reticulata, M. 

koenigii and E. hortensis. Just before hatching, ten eggs were placed upon each of the four 

different Rutaceae plants, which were obtained from one female. In addition, ten 5th instar 

larvae were removed from the larval host plant, M. minutum and were reared on the four 

different species of the Rutaceae plants. The larvae were reared singly throughout the larval 
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period and by observing, the mortality on each species of Rutaceae plants determined the 

potential larval host plant range of the larvae. 

 

 

     
Figure 4.1: Picture of M. minutum seedling (a), M. koenigii plant (b), E. hortensis seedling 

(c) and young leaves of C. reticulata (d). 

 

Two simple criteria were used to estimate the suitability of the larval host plants. The first 

was the survival rate, or conversely the mortality, expressed as percentage of larvae that died 

during the experiment. The second criterion was the larval development rate, measured in 

days spent from the hatching of the egg until pupation. This experiment was run from June 

26, 2008 until July 30, 2008. 

 

 

 

 

a b 

c d 
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4.4.3 Adult Nectar Preference 
 

Eight P. schmeltzii butterflies were used to test the nectar preference for 6 different nectar 

flowers. The eight P. schmeltzii butterflies were placed in the butterfly cage with the six 

different nectar flowers for the nectar preference (Stachytarpheta urticifolia (blue rat’s tail), 

Lantana camara, Pentas lanceolata (wild flower), Tagetes erecta (marigold), Ixora coccinea 

and Impatiens species). The observation was made for a week from 8am to 12pm during the 

peak feeding time. It was observed how many times P. schmeltzii butterflies visited each of 

the different flowering plants for nectar. Predation was removed in the cage to reduce 

mortality by securing the cage from all sides, as described in chapter 3 methodology. This 

experiment was run from August 04, 2008 until August, 11 2008. 

 

4.5 RESULTS AND DISCUSSION 

4.5.1 Oviposition Response to the Foliage and Offspring Performance 
 

Acceptability of the four Rutaceae plant species for ovipositing females of P. schmeltzii was 

first tested to assess the profile of the host use in nature. In the first set up, the females 

exhibited positive responses to the foliage of M. minutum, a major larval host plant of the P. 

schmeltzii, whereas C. reticulata, M. koenigii and E. hortensis were completely rejected. 

Where M. minutum plant was absent in the second set up, ovipositing females readily accept 

C. reticulata, although the oviposition response to the plant was a little lower (49%) than that 

to M. minutum (32%) (Figure 4.2).  

 

These results strongly suggest that C. reticulata occurring in sympatry with M. minutum in 

the natural habitat of P. schmeltzii is not the major larval host plant of P. schmeltzii. With the 

removal of M. minutum and C. Reticulata in the third set up, the female P. schmeltzii 

butterfly did lay 34 eggs on the potted plants of M. koenigii (Figure 4.3) and 11 eggs did 

hatch but the larvae did not survive. Larval response to the four different Rutaceae plants is 

similar to the oviposition response of the adult P. schmeltzii. The 1st instar larvae that 

hatched in the first set up showed 61% of larvae on M. minutum plants and 39% of larvae on 

C. reticulata plants in the second set up. However, none of the larvae survived on the M. 

koenigii and E. hortensis plants (Figure 4.4). 
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Figure 4.2: The individual oviposition preferences of females of P. schmeltzii to the foliage 

of four rutaceous plant species. The percentage number of eggs laid on four different rutaceae 

plants (Appendix O).  

 
 

 
Figure 4.3: P. schmeltzii eggs on young; M. minutum leaves (a), C. reticulata leaf (b) and M. 
koenigii leaf (c). 
 

a b  

c 
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Figure 4.4: Larval host plant preferences of newly hatched P. schmeltzii larvae (Appendix 
O).  
 
In the absence of M. minutum, P. schmeltzii preferred C. reticulata (Appendix P). Even 

though the mortality rate is high in all stages of its life cycle, there was a very little difference 

between M. minutum (14% survival) and C. reticulata (13% survival) (Table 4.1). Thus a 

tentative hierarchy of oviposition preferences can be depicted as follows: 1) M. minutum, 2) 

C. reticulate and no preference for 3) M. koenigii and 4) E. hortensis. 

 

Table 4.1: The survival of P. schmeltzii immature stages on the four Rutaceous plant species.  
 

Percentage Survival and Mortality From Egg Till Adult 
Plant species  Total Egg Laid  Mortality % Survival % 
M. minutum 86 86 14 
C. reticulata 56 88 13 
M. koenigii 34 100 0 
E. hortensis 0 0 0 

 

From Chapter 2 and 3 it has been seen that oviposition usually took place on shaded and 

lower surface of the leaves of its larval host plants growing in the forest and in captivity. P. 

schmeltzii is a Rutaceae feeder specializing in M. minutum, but frequently utilizes another 

rutaceous plant, C. reticulata, in the absence of M. minutum. The larval mortality of P. 

schmeltzii from the cage population on the rutaceous species is shown in Table 4.2. With 
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regard to the various plant species, one can distinguish two different patterns of mortality as 

follows. Firstly, plant species on which all larvae refused to eat and died of starvation in the 

first instar (E. hortensis).  Secondly, plant species on which at least some larvae will eat, but 

always in very small quantities and that all larvae died in the 1st instar causing 100% 

mortality (M. koenigii), indicating that toxic substances maybe present in this plant 

(Nakayama et. al 2002). Hence, the two Rutaceae plant species on which the larval mortality 

was 100% are generally characterised by their lack of suitability for larvae to eat them, 

implying that the potential larval host plant range of the larvae is determined by the larval 

food preferences. However, M. koenigii is an important larval host plant of P. demoleus and 

P. polytes in Southeast Asia (Nakayama and Honda 2004).  From this, it can be concluded 

that the M. koenigii may lack suitable chemical oviposition stimulants or have deterrents that 

causes P. schmeltzii to reject M. koenigii plants.  

 

4.5.2 Larval Survivorship on the Four Rutaceous Plants 
 

The adaptations of insects to specific host plant species are determined primarily by a number 

of ecological, biochemical and historical factors, e.g. biogeographical and habitat requirement 

overlappings of insects and plants, phenological correlation between insects and plants, 

physiological suitability of various plants as food, abundance of plants, amount of predation, 

parasitism, intra- and interspecific competition on various plants (Wiklund 1974). Offspring 

performance based on growth and survival on larval host plants in the absence of natural 

enemies (in this study) may differ from performance in the presence of natural enemies in the 

field.    The larvae did well on and gravid females readily accepted M. minutum, indicating 

that P. schmeltzii is fully adapted to M. minutum. The results clearly indicate that among the 

plants tested, M. minutum is preferred by and more suitable for P. schmeltzii than C. 

reticulata and larvae of P. schmeltzii survived better on M. minutum. Two other rutaceous 

plants, M. koenigii and E. hortensis were used in the larval host plant preference experiment 

that appeared to be potentially suitable as larval host plant but the larval response was 

negative for these two plants. This conforms well to field observations in Vatukarasa study 

area. The larval host plant which P. schmeltzii larvae fed on significantly affected the larval 

length and growth rate. Larvae grew more rapidly and survived better on M. minutum than on 

C. reticulata as shown in Figure 4.5 and in Appendix Q (average: 26.4 days to reach pupa 

stage on M. minutum and 29.5 days to reach pupa stage on C. reticulata). 
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Figure 4.5: Larval development rate of P. schmeltzii larvae reared singly on four rutaceous 

plants species. The measurement of growth of larvae at five day interval until it reached the 

pre–pupa phase.  

 
Suitability of the test plants for larval growth was evaluated by examining the survivorship of 

the 1st and 5th instar larvae on foliage of these plants. Larvae performed well on M. minutum 

(100% survival for both the 1st and 5th instar larvae). The survivorship of larvae fed with C. 

reticulata was quite good if not the same (80% and 70% survival for the first and fifth instar 

larvae, respectively) (Table 4.2). In marked contrast to M. minutum and C. reticulata, none of 

the larvae survived on M. koenigii and E. hortensis. P. schmeltzii larva feeding on the leaf of 

C. reticulata and M. minutum plants is shown in Figure 4.6.  
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Figure 4.6: P. schmeltzii larva on C. reticulata (a) and M. minutum plant (b). 

 

Table 4.2:  Survivorship of first and fifth instar larvae on four rutaceous plant species. The 

fifth instar larvae were transferred from M. minutum, immediately after 4th larval ecdysis, to 

the respective plants.  

Larval mortality on four rutaceae plants, ten fifth instar larvae on each plant species  
Name of Plants Total Number 

Dead 
Number 
Survived 

% Mortality % Survival 

M. minutum 10 0 10 0 100 
C. reticulata 10 3 7 30 70 
M. koenigii  10 10 0 100 0 
E. hortensis  10 10 0 100 0 
Larval mortality on four rutaceae plants, ten first instar larvae on each plant species  
Name of Plants Total Number 

Dead 
Number 
Survived 

% Mortality % Survival 

M. minutum 10 0 10 0 100 
C. reticulata 10 2 8 20 80 
M. koenigii  10 10 0 100 0 
E. hortensis  10 10 0 100 0 
 

Furthermore, all of the larvae fed with M. koenigii and E. hortensis died within 2 days. The 

larval mortality was 0% on M. minutum, 30% on C. reticulata and 100% on both M. koenigii 

and E. hortensis (Figure 4.7). A tentative hierarchy of suitability of the tested host plant for 

the larvae of the swallowtail butterfly can be depicted as follows: 1) M. minutum, 2) C. 

reticulata, 3) M. koenigii and 4) E. hortensis. 

 

a b 
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Figure 4.7: Mortality rate of first and fifth instar larvae in the cage on four different Rutaceae 

plants.  

 

Females oviposition responses and larval feeding tests reveal that P. schmeltzii is not adapted 

to M. koenigii and E. hortensis. In addition, larval feeding experiments indicate that E. 

hortensis may contain some kind of mechanical defence (toxin) against the larvae, because 

most larvae were strongly deterred from feeding, leading to a high mortality in the first instar 

or otherwise this plant may probably have chemicals that cause significant loss of larval 

appetite. This symptom has been seen in P. polytes larvae where toxins in Murraya 

paniculata plants contain some antifeedants against the larvae that were strongly deterred 

from feeding (Nakayama et. al 2002). By contrast, 1st and 5th instar larvae performed very 

well on C. reticulata and ovipositing females also accepted this plant. However, females will 

not lay eggs on these plants in the field, in the presence of M. minutum. This could be 

possibly due to a very weak oviposition deterrent as observed in Papilio protenor. P. 

protenor completes its immature stages on Phellodendron amurense plants but the female P. 

protenor rejects this plant for oviposition due to the oviposition deterrent (phellamurin) 

(Honda and Hayashi 1995b). Thus, the preference of the ovipositing females for a particular 

larval host plant is a result of natural selection, and they avoid plants on which egg and larval 

survival is low (Wiklund 1975).   
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These experiments showed that the four rutaceous plants form a hierarchy of larval host plant 

suitability as follows: 1) M. minutum, 2) C. reticulata, and no preference for M. koenigii and 

E. hortensis. Since the hierarchy of adult oviposition preferences was 1) M. minutum, 2) C. 

reticulata, 3) M. koenigii and no preference for E. hortensis, it is evident that these two larval 

host plant hierarchies are in close conformity. This plant preference difference might come 

from the historical differences of these plants, because M. minutum occurs naturally in Fiji, in 

contrast to the C. reticulata, M. koenigii and E. hortensis, which were introduced by people 

from other lands (Smith 1988).  

 

4.5.3 Adult Food Preference 
 

The P. schmeltzii butterflies except for T. erecta visited all the flowering plants in the cage. 

All eight butterflies visited both S. urticifolia and P. lanceolata plants as seen in Figure 4.8.  

 

 
Figure 4.8: The average number of butterflies visited the six different flowers in the butterfly 

cage. 

 

The bar graph in Figure 4.9 also shows that all the butterflies mostly preferred S. urticifolia 

(36%) and P. lanceolata (35%) as nectar source. I. coccinea (18%), Impatiens species (10%) 
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and L. camara (1%) were visited as well to lesser extent. P. schmeltzii butterflies feeding on 

the flowers of the different plants are shown in Figure 4.10. 

 

S. urticifolia flowers are purple, each flower embedded in the rachis. White and purple 

flowered P. lanceolata plants were also utilized. The flowers are arranged in terminal 

clusters, five–petaled flowers. S. urticifolia and P. lanceolata both belong to the family 

Verbenaceae. L. camara flowers were small, yellow to pink and held in clusters. For I. 

coccinea, the red flowers are arranged in dense rounded clusters. The Impatiens species used 

in this study had solitary pale pink flowers. T. erecta used had round orange flowers, the 

phyllaries were fused into a tube and ray and disk flowers barely extend beyond the 

phyllaries.  

 

 
Figure 4.9: The percentage number of times all eight butterflies visited the six different 

flowering plants (Appendix R). n = 8 

 

In the Vatukarasa study area P. schmeltzii butterflies feed only on S. urticifolia but in other 

localiltes in close proximty to the study area it has been seen feeding on P. lanceolata, L. 
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camara and I. coccinea, where S. urticifolia was not present. All the flowering plants used 

are introduced species in Fiji and these shrubs are mostly ornamental plants. A variety of 

different coloured flowers were used in the nectar prerference test and there seem to be no 

discrimination in colour choice.  As seen in nature, P. schmeltzii visited flowering plants that 

were present in their flight path and which were close to their larval host plant, regardless of 

the colour of the flowers. P. schmeltzii prefers bright coloured flowers to pale cloured ones.  

It can be suggested that P. schmeltzii butterflies mostly prefer flowers of S. urticifolia and P. 

lanceolata, due to more nectar produced all through out the day or the presence of flowers all 

year through. S. urticifolia, I. coccinea and L. camara blooms year round in the tropics 

(Whistler 1983; Smith 1988).   

 

  

                                  
Figure 4.10: P. schmeltzii butterflies feeding on P. lanceolata (purple flowers) (a), I. 

coccinea (red flowers) (b), P. lanceolata (white flowers) (c), S. urticifolia (purple flowers) 

(d) and Impatiens species (light pink flowers) (e). 

 

4.6 CONCLUSION 
 

P. schmeltzii utilizes only two plants species of Rutaceae as larval hosts in the field that is M. 

minutum and C. reticulata. A study was undertaken to investigation the oviposition 

preference and larval performance of P. schmeltzii in a cage to determine if the oviposition 

c 

(e) 

d 

a b 

e 
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preference of individual females on M. minutum, C. reticulata, M. koenigii and E. hortensis 

correlates with offspring performance on the leaves of the same larval host plants. The larval 

host plant preference hierarchy of females did correlate with their offspring performance. 

Apparently, female butterflies chose larval host plants that contributed more to their offspring 

fitness. However, like most laboratory experiments, our experimental design does not allow 

the evaluation of ecological factors (for example, natural enemies, host abundance, etc.) that 

can play an important role in larval performance in the field. The preferences of the food 

plants by adult P. schmeltzii are variable due to their availability in that area but the adult P. 

schmeltzii favoured S. urticifolia and P. lanceolata in the experiment conducted. 
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CHAPTER 5 
MOLECULAR SYSTEMATICS OF Papilio schmeltzii WITH RELATION 

TO OTHER TROPICAL PAPILIO OF THE INDO-AUSTRALIAN 

REGION 
 

5.1 ABSTRACT 
 

Relationship of P. schmeltzii with eight other Princeps (Menelaides) species from Zakharov 

et al. (2004) work were investigated using phylogenetic analyses of DNA sequences from the 

cytochrome oxidase I (COI) gene. A single phylogenetic tree was recovered using maximum 

parsimony. For the taxa present in both analyses, this tree suggests relationships that were 

similar to those found by Zakharov et al. (2004). In this tree, the position of Papilio 

schmeltzii differs from that suggested by the morphological analysis of Hancock (1983b). In 

the traditional classification Papilio schmeltzii is placed as sister to Papilio aegeus whereas in 

the molecular tree it is sister to Papilio hipponous but with less than 50% bootstrap support. 

To clarify the phylogenetic relationships of the fuscus, gambrisius and amynthor groups 

within Princeps (Menelaides) further studies are essential. 

 

5.2 INTRODUCTION 
 

The genus Papilio is relatively well documented both taxonomically and ecologically 

(Caterino and Sperling 1999). Munroe (1961) and Hancock (1983a) attempted 

comprehensive examinations of relationships within Papilio based on morphology and habit. 

Later, Igarashi (1984) provided a classification of the genus based on larval morphology; 

however, his work did not represent all of Hancock’s genera and later on Miller (1987) 

expanded upon Hancock’s (1983a) work.  

 
Munroe (1961) divided Papilio into five sections, without designating them as subgenera due 

to lack of any simple system of adult characters (Zakharov et al. 2004). However, Hancock 

(1983a) using a cladistic estimation segregated Papilio into six genera (Pterourus, 

Heraclides, Eleppone, Chilasa, Papilio and Princeps) based on morphological 

characteristics. Hancock (1983a) further divided genus Princeps into four subgeneric lineages 

(Princeps, Menelaides, Druryia and Achillides). Hancock (1983b and 1992) provided a 

phylogenetic framework (Caterino and Sperling 1999) of morphological data (including wing 
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colour patterns, male genitalia, larval pattern, colour and texture of pupa) for the subgenus 

Menelaides (Figure 5.1).  

 
Figure 5.1: The proposed phylogenetic relationships of the species of the Fuscus Group 

(Hancock 1983a), Gambrisius Group and Amynthor Group of Papilio (Hancock 1983a and 

1983b) based on morphological characteristics.  

 

Most of the structured relationships of the genus Papilio are based on the cladistic analysis 

using morphological and habitual characteristics of adult or immature stages (Munroe 1961; 

Hancock 1983a; Igarashi 1984; Miller 1987), but the phylogeny of Papilio is not fully 

resolved yet. Using systematic analysis to classify relationships solely based on 

morphological and behavioural characters has a high risk of not reflecting phylogenetic 

relationships (Caterino et al. 2001). 
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More recently molecular phylogenetic analyses have been used to investigate relationships 

within the Papilioninae, mostly at the subfamilial and tribal levels (Aubert et al.1999; 

Caterino and Sperling 1999; Caterino et al. 2001). Zakharov et al. 2004 used a phylogenetic 

analysis of mitochondrial genes cytochrome oxidase (COI-COII) and nuclear protein-coding 

gene elongation factor 1 alpha (EF-1α) to investigate the relationships of 52 Papilio species. 

Phylogenetic trees constructed using maximum parsimony, maximum likelihood, and 

Bayesian analyses all recover relationships similar to those suggested by Hancock (1983a). 

Zakharov et al. (2004) demonstrated that at least five of previously recognized major 

subdivisions within Papilio were well supported, specifically Heraclides, Pterourus, Chilasa, 

Papilio, and Eleppone. In contrast, the molecular data conflicted with the traditional 

classification of Princeps. Hancock (1983a) had divided Princeps into four subgeneric 

lineages and only one, subgenus Menelaides, was strongly supported as monophyletic by the 

molecular data. These results suggest that for Princeps adult and immature morphological 

characters are labile both within and among species (Zakharov et al. 2004). 

 

While molecular phylogenetic analyses have impacted upon our understanding of the broader 

relationships within Papilio, the Pacific Island taxa have received much less attention. 

Zakharov et al. (2004) included nine species of Menelaides with P. hipponous representing 

the Fuscus group and P. aegeus the Gambrisius group; no representative of the Amynthor 

group was included. 

 

5.3 OBJECTIVES 
 

The aim of the present study was to determine the position of P. schmeltzii within the 

molecular phylogeny of Papilio and to determine whether this matches with its 

morphological placement. 

 

5.4 METHODOLOGY 
 

Tissue sampling and DNA extraction: DNA of two P. schmeltzii was extracted from 

individuals reared in captivity at University of the South Pacific, Laucala Bay Campus, Suva. 

Total genomic DNA was extracted from single legs using the DNeasy blood and tissue kit 

(Qiagen Corporation) following manufacturers instructions. 
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PCR Amplification: An approximately 700 bp fragment of the cytochrome oxidase I (COI) 

gene was amplified in 30�L reaction volumes that contained 2�L of MgCl2, 1x reaction 

buffer, 3�L of dNTPs, 5% BSA, 1�L of the primer LCO1490 (Folmer et al. 1994), 1�L of 

the primer Cl–N–2191 (Simon et al. 1994), and 1�L of Taq. Amplification sets consisted of 

three tubes, a control (i.e., without DNA) and one for each of the extracted samples, these 

contained 1ul of the appropriate DNA solution. Reaction mixtures were thermocycled as 

shown in Table 5.1. 

 
Table 5.1: Procedure used for the PCR amplification. 

 
 Temperature  Time  

Initial  95˚C 2 minutes  

Denature 95˚C 1 minute 

Anneal 55˚C 1 minute  

Extension 72˚C 2 minutes  

Repeat denature-anneal-extend for 34 cycles 

Final 72˚C 5 minutes 

 

Agarose Electrophersis: Amplification products were examined by gel electrophoresis on 1% 

(w/v) agarose TAE gels containing 0.00001% (v/v) SyberSafe. Aliquots of 3�L from each 

reaction tube were electrophoresed along with 5 ul of Hyperladder I (100-20ng per band) 

(Odegrip et al. 2004) at 100 V for 30 minutes. DNA fragments were visualized using a UV 

light source and the result captured using a gel documentation system. 

 

DNA Sequencing and Sequence Assembly: PCR products were sent to Massey University 

(New Zealand) for DNA sequencing. Amplification products were purified using SAP-

exonuclease treatment (USB Corporation). Automated sequencing reactions used the ABI 

PRISM BigDye Terminator Cycle Sequencing Ready Reaction kit and were analyzed on an 

ABI 3100 Genetic Analyzer. Fragments were sequenced using amplification primers 

(Appendix S). 

 

Data sets and Phylogenetic Analysis: Multiple sequence alignments were prepared ClustalX 

(Thompson et al. 1997), with subsequent visual inspection. Alignments included the two P. 

schmeltzii sequences plus COI for the eight representatives of the fuscus and gambrisius 
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groups (Table 5.2).  

 

Table 5.2: List of species used with localities and GenBank accession numbers. 

Name Locality GENBANK numbers References 

P. polytes Malaysia: Penang AY457580 Zakharov et al. 2004 

P. protenor Japan: Aichi Pref. AY457581 Zakharov et al. 2004 

P. macilentus Japan: Mt. Takao AY457577 Zakharov et al. 2004 

P. memnon Japan: Gifu Pref. AY457578 Zakharov et al. 2004 

P. rumanzovia Philippines AY457582 Zakharov et al. 2004 

P. aegeus Australia: Queensland AY457583 Zakharov et al. 2004 

P. hipponous Philippines: Marinduque AY457576 Zakharov et al. 2004 

P. helenus Japan: Gifu Pref. AY457575 Zakharov et al. 2004 

 

We inferred phylogenetic relationships using parsimony (MP). Heuristic MP tree searches 

were conducted in PAUP* 4.0b10. Analyses used 100 RANDOM ADDITION replicates with 

all characters equally weighted, tree-bisection-reconnection (TBR) branch swapping, and 

zero-length branches collapsed. Parsimony bootstrapping used 100 replicates and TBR 

branch swapping. 

 

5.5 RESULTS AND DISCUSSION 
 

Multiple sequence alignment for the nine Papilio accessions resulted in an aligned data 

matrix of 717 nucleotides positions that contained no gaps or ambiguous positions. The 

alignment included 132 varied positions, of which 78 were parsimony informative. 

 

A maximum parsimony analysis recovered a single tree, 214 steps long with a consistency 

index (CI) of 0.701 and a retention index (RI) of 0.610. These show low values and are 

weakly supported by other species. Bootstrapping also indicated weak (i.e., only 4 clades 

have value greater than 50%) support for this phylogenetic tree.  

 

The two P. schmeltzii individuals were strongly supported (100% bootstrap support) as sister 

in this analysis. The P. schmeltzii lineage is placed sister to P. hipponous albeit poorly 

supported (Figure 5.2). 
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Figure 5.2: Single optimal maximum parsimony tree obtained from the analysis of CO1 

sequences, with bootstrap values over 50% indicated. 

 

P. schmeltzii data anaylsis from this study and data on eight other Papilio species from 

Zakharov et al. (2004) were used to investigate phylogenetic relationships within the groups 

of Princeps (Menelaides). The recovered molecular phylogeny is largely consistent with 

previous morphological (Hancock, 1983b; 1992) and molecular (Zakharov et al. 2004) 

analyses. With respect to P. schmeltzii the molecular phylogeny suggests that this species is 

closer to P. hipponous, a representative of the fuscus group (although this is only weakly 

supported). This is in contrast to Hancock’s (1983b, 1992) analyses that imply P. schmeltzii 

is more closely related to the gambrisius group (represented by P. aegeus). 

 

Generally, our phylogenetic tree is broadly similar to that reported by Zakharov et al. (2004) 

but the support is not as strong, most of the clades in the current tree receiving less than 50% 

bootstrap support. Weak bootstrap support may reflect several factors, but in this case it 

seems likely that sequence length is particularly important. The lower support values relative 
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to those reported by Zakharov et al. (2004) likely reflect the fact that their study included the 

mitochondrial cytochrome oxidase I and cytochrome oxidase II genes and the nuclear 

elongation factor-1a (EF-1a) gene whereas the current study used only part of the 

cytochrome oxidase I gene. While the present analyses place P. schmeltzii in what appears to 

be the right part of the tree, more sequence data is needed to better resolve the relationships 

among the fuscus, amynthor and gambrisius groups. 

 

Given the apparent conflict between morphological and molecular data the placement of P. 

schmeltzii as sister to P. hipponous in the current tree needs to be more carefully investigated. 

As mentioned above, this will require more sequence data, preferably from both the 

mitochondrial and nuclear genomes. In addition, a much more comprehensive sample of taxa 

from the three groups (fuscus, amynthor and gambrisius groups) will be needed. In particular, 

representatives of species from the Solomon Islands, Vanuatu, New Caledonia and Samoa as 

well as additional sequences from P. schmeltzii are needed to establish the monophyly of the 

groups and the exact relationship within and among them. 

 

More comprehensive studies (with additional sampling of species and markers) are needed if 

we are to better understand the taxonomy of Papilio. Such studies would also allow us to 

investigate the evolutionary history of Pacific Island Papilio. Consistent with the 

morphological similarity of the Pacific Island species it is thought that the genus colonised 

the region relatively recently by transoceanic dispersal. A more comprehensive phylogeny 

would allow us to explicitly test this idea as well as the details of any such movements (e.g., 

the path of dispersal, whether it was unidirectional, stepwise dispersal or multiple dispersals 

from a source). 

 

5.6 CONCLUSION  
 

Papilio is a small but an important genus for research in ecology, genetics, and evolutionary 

and conservation biology in the tropical Pacific Islands. Mitochondrial (COI) sequence data 

have provided considerable new resolution for the phylogeny of P. schmeltzii. This 

phylogeny provides insight into the evolutionary history of P. schmeltzii. In this study, P. 

schmeltzii and data on Papilio species from Zakharov et al. (2004) were used to investigate 

phylogenetic relationships within the groups of Princeps (Menelaides), and the results 

supported previous morphological (Hancock, 1983b; 1992) and molecular (Zakharov et al. 
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(2004) analyses. However, the phyogenetic tree is not well supported due to usage of short 

COI gene. Therefore, further studies are required to clarify the phylogenetic relationships 

within the groups of Princeps (Menelaides) with relation to other groups of Papilio.  
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CHAPTER 6 

CONSERVATION IMPLICATION AND RECOMMENDATIONS FOR 

FUTURE RESEARCH 
 

6.1 Implications for Conservation of the Endemic Papilio schmeltzii of Fiji. 
 

P. schmeltzii butterflies are generally found in forested areas even though they occur in 

secondary vegetation and gardens. P. schmeltzii is widely spread throughout Fiji, mostly in 

larger islands and it has been noted that it has a close association with the rivers, creeks and 

streams. Robinson (1975) described P. schmeltzii adults as being “common”, but this study 

suggests that population numbers are low in their natural environment and the immature 

stages are rarely sighted in the field.  At present, P. schmeltzii is not classified as an 

endangered species by the IUCN (Collins and Morris 1985). However, this study shows that 

they are vulnerable, because even though they are widely distributed in Fiji Islands, they have 

a restricted range, is very sensitive to land use changes, and possibly, affected by predators 

and diseases or parasites, which were not studied in detail here.  

 

The greatest threat to P. schmeltzii decline at present is probably the destruction of their 

habitat. This is the result of clearance of forests for residential and commercial construction, 

construction of infrastructure, agriculture, the drainage of wetlands, introduction of pesticides 

and other hazardous chemicals in their environment, extreme climatic conditions, such as 

hurricanes and droughts; and death by predators, parasites, diseases and collectors. As 

discussed in Chapter 2 the forest at the Vatukarasa study site was cleared to maintain the 

power lines in September 2008 and all the life stages of P. schmetlzii declined at an alarming 

rate in this area, as their habitat was changed and their larval host plants and nectar sources 

were destroyed.  

 

Loss of habitat with the high mortality of immature life stages, suggests that without human 

intervention and a conservation plan the size of the population will continue to decline. This 

study shows that there are less than eight flying adults at a particular time in the Vatukarasa 

study site. This study confirms that if the size of the remaining populations continues to 

decline then a genetic bottleneck is possible which could lead to a nearly homozygotic 



130 
 

population that would be increasingly vulnerable to disease and other hazardous 

environmental factors (Lehnert 2008). 

 

Community education and awareness programs regarding the endemic P. schmeltzii are an 

essential tool for the butterfly’s survival in the future through the involvement of locals to 

protect the larval host plant, nectar plants and the swallowtail butterflies habitat. In addition, 

further knowledge should be imparted to the local communities about destructive farming 

practices, invasive species, diseases and the need for biosecurity to improve the conservation 

management of the butterflies in the study area and in Fiji. Educational resources such as 

books and informational pamphlets about the P. schmeltzii butterflies can be published and 

made available to the general public. This can be a valuable way to disseminate information 

and enhance awareness about the ecology and conservation needs for the P. schmeltzii 

butterflies to ensure its long-term survival.  

 

The minimum area of tropical forest required for a successful P. schmeltzii population is not 

known. Similarly, the optimum density of primary and secondary larval food plants is not 

known. Therefore, appropriate conservation plans cannot be established. Fortunately, P. 

schmeltzii butterflies can live and grow in greenhouses, as shown in Chapter 3. This makes it 

possible for preservation of this butterfly species. However, in the natural environment new 

habitats need to be created, existing habitats need to be managed for butterflies, and habitats 

need to be linked by a network of natural corridors. Furthermore, the technical knowledge 

gained from the research will be a useful tool for studying the status of several other 

endangered, endemic and native butterflies. 

 

6.2 Recommendations for Future Research  
 
This section provides a list of recommendations for future research: 

 

� It is suggested that there is a need for cross breeding experiments of P. schmeltzii 

butterflies to determine if natural selection is acting on colour pattern in P. schmeltzii to 

adjust the appearance of the final instar larvae (polymorphic) to match its background 

and is inconspicuous to its enemies. In addition, genetic investigations in the two forms 

of larval colour pattern to establish which type is dominant are important. 
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� Future study should be on the metabolic responses of P. schmeltzii through a range of 

temperatures, to determine the developmental threshold, minimum and maximum 

temperatures for larval growth so that accumulated thermal units could be calculated. 

This will facilitate distinction between larval host plant quality and temperature as 

causes for the differences in larval duration and to understand diapause periods in P. 

schmeltzii stages (Scriber and Lederhouse 1983).  

 

� A study done by Janz and Nylin (2008) showed the oscillation hypothesis for speciation 

and adaptive radiation (from specialists to generalists and back) of herbivorous insects 

and this has received support from assays of ancient angiosperm specialists including 

Rutaceae specialists (Scriber et al. 2008). P. schmeltzii is an isolated island species that 

may have diverged evolutionarily as a Rutaceae specialist; however, whether it retains 

abilities to feed on other families of plants is not known. It would help to conduct an 

experiment on finding the different families of plants P. schmeltzii would accept and to 

find out its evolutionary lineage.  

 

� Badawi (1981) reported that the leaf area consumed by larvae increases sharply and 

abruptly as larvae grows. There is a need to quantify the amount of leaf consumed by 

different larval instars of P. schmeltzii butterflies, to know the extent of defoliation of 

the larval host plants.  

 

� Butterflies are subjected to attack by a wide range of invasive species, parasites and 

pathogens, such as fungi, bacteria, viruses, protozoa, nematodes and mites (Vane-

Wright and Ackery 1984).  When compared, the number or abundance of P. schmeltzii 

in field and in cage, there is a vast difference, not much is known about parasites of this 

species, and no information is available regarding diseases of the P. schmeltzii 

butterfly. The presence of pathogens, parasites and predators in nature can cause 

decline in the number of P. schmeltzii butterflies and further investigations in this 

direction seem to be necessary.   

 

� Data should be collected on the longevity of the adult, recapture rate, dispersal and 

natural population size of adult P. schmeltzii by the mark-and-recapture method in its 

natural environment, as they occur in low incidence and difficult to catch, this will give 

us an insight into their ecology in their natural environment.  
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� All of the plants observed as nectar source by P. schmeltzii in this study are introduced 

plants, thus it would be useful to find out what the native plants might have been among 

the indigenous sources of nectar.  

 

� Studies should be conducted to find out the number of eggs in the ovaries of the female 

P. schmeltzii, counting by dissection and estimating the fecundity and the number of 

eggs actually deposited by each female during her life span. To determine the egg 

density of P. schmeltzii and if the egg density is high then what causes the low numbers 

of egg laid.  

 

� The molecular work on swallowtail butterflies is valuable and significant to the work of 

conservation. It helps us to understand the evolutionary biology of swallowtail 

butterflies. However, not a great deal has been done in the Pacific Islands. Additional 

molecular studies with full COI, COII, and EF-1α as seen in Zakharov et al. 2004 will 

help resolve the systematic status of P. schmeltzii especially as the preliminary 

molecular studies placed P. schmeltzii closer to P. hipponous (fuscus group) than to 

gambrisius (P. aegeus) as suggested by morphology (Hancock 1983b; 1992). A 

molecular study on butterflies specifically like the swallowtails that presents within 

itself a range of variations would prove to be most useful to butterfly studies and 

interests in the Pacific.  

 

� While this study shows that there is a seasonal variation in the abundance of the study 

species, a longer term study will need to be conducted to clarify this issue, as this study 

was only conducted over a 12 month period. Conduct periodic surveys, survey based on 

the population-size estimate program, local mapping by GIS, usually to a country 

boundary. This will help in pinpointing sites, which may need protection. It will detect 

any serious changes in status such as decline in species. Map the population size, 

location and boundary (Vane Wright and Ackery 1984).  

 
� In addition, the findings on the ethnobiological component could help in implication of 

conservation strategies. Conduct a questionnaire survey on the local communities, both 

Fijian and Indian to know the cultural significance of P. schmeltzii.  
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This research work will underpin effective captive management protocols and also update the 

current scientific knowledge on P. schmeltzii butterflies. With the current limitations in local 

expertise in this species, hopefully, the findings from this research will contribute to the 

growing knowledge of the species’ ecology and therefore stimulate development and 

implementation of a plan for its conservation.  
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APPENDICES  
 

Appendix A: Plants at the Vatukarasa study area.  
 

Canopy Scientific Name Fijian Name 

Understory Capsicum annuum Chilli plant 

Upperstory Alibizia lebbeck 
Rain tree – Vaivai 

Ni Vavalagi 

Upper Alphitonia franguloides 
Africn tulip – Doi 

Damu 
Understory and Middle Urena lobata Qatima 

Understory  Blue Rat’s Tail 
Understory Piper timothianum Yaqoyaqona 
Understory Pometia pinnata Dawa 

Upper Terminalia catappa Tavola 
Middle Gonystylus punctatus Mavota 

Understory Alocasia indica 
Viadidi or 
Viagaga 

Understory Dillenia biflora Kukulava 
Understory Athyrium melanocaulan Otalau 

Climber Operclina turpethum Wa Buco 
Understory and Middle Citrus reticulata Mandarin – 
Understory and Middle Micromelum minutum Wiriwiri 

Understory – Shrub Clidemia hirta Roinisiga 

Middle Dysoxylum quercifolium 
Tarawa Ka 

Rakaka 
Middle Caesalpinia bonduc Soni 

Parasitic to Raintrees   
Middle Cananga odorata Makosoi 
Middle Aleurites moluccana Lauci 

Understory Syzgium malaccense Kavika 
Understory – Fern Dicksonia brackenridgei Balabala 

Understory to Upper Intsia bijuga Vesi 
Climber Mikania micrantha Mile a minute 
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Appendix B: Humidity meter used to measure the relative humidity (%) at Vatukarasa study 

site.  

 

 
 
 
 
 
Appendix C: Simple thermometer meter used to measure the air temperature at Vatukarasa 

study site.  
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Appendix D: Paired T-Test for larval host plant in shady and sunny area where immature 

stages are found for 12 months.  

  Shady Sunny  

Mean 0.5 11.33333333  

Variance 0.818181818 156.3787879  

Observations 12 12  

Pearson Correlation 0.020092477   

Hypothesized Mean 

Difference 0   

df 11   

t Stat 

-

2.997501779   t test 

P(T<=t) one-tail 0.006066949   

t Critical one-tail 1.795884814   

P(T<=t) two-tail 0.012133898   chance 

t Critical two-tail 2.200985159    
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Appendix E: Preferred exposure to the sun by immature stages of P. schmeltzii on its larval 

host plants at Vatukarasa study site. 

Date Sunny Area  Shaded Area 
15-Jan-08 0 6 
29-Jan-08 0 11 
12-Feb-08 0 3 
26-Feb-08 0 8 
12-Mar-08 0 7 
23-Mar-08 0 4 
10-Apr-08 1 12 
24-Apr-08 0 6 

15-May-08 0 9 
29-May-08 0 25 

3-Jun-08 0 20 
17-Jun-08 2 46 

8-Jul-08 0 48 
22-Jul-08 0 30 

12-Aug-08 0 15 
26-Aug-08 2 6 

9-Sep-08 2 4 
23-Sep-08 3 8 

7-Oct-08 0 3 
21-Oct-08 0 0 
4-Nov-08 0 1 

18-Nov-08 0 0 
4-Dec-08 0 0 

16-Dec-08 0 0 
Total 10 272 

 

 

Appendix F: Adult P. schmeltzii butterfly activities in a year (average). 

Time Chasing  Visiting Flowers  Oviposition   Temperature (°C) 
6 -- 7 2 5 2 26.7 
10 -- 11  5 7 5 28.8 
14 -- 15   4 3 4 30.4 
17 -- 18 3 4 3 28.2 

 

 

 

 

 



153 
 

Appendix G: Seasonality of P. schmeltzii stages based on observations at the Vatukarasa 

study site for the year 2008.  

 Adult     Larvae   
Months Mean SD SE  Months Mean SD SE 
Jan 1.5 2.1 1.5  Jan 7.5 3.5 2.5 
Feb 1.5 0.7 0.5  Feb 1.5 2.1 1.5 
Mar 2.5 2.1 1.5  Mar 3.5 3.5 2.5 
Apr 4 2.8 2.0  Apr 4.5 0.7 0.5 
May 3 0.0 0.0  May 10.5 4.9 3.5 
Jun 3.5 0.7 0.5  Jun 28 14.1 10.0 
Jul 2.5 0.7 0.5  Jul 29.5 17.7 12.5 
Aug 3.5 2.1 1.5  Aug 5.5 4.9 3.5 
Sep 6 1.4 1.0  Sep 2.5 2.1 1.5 
Oct 2.5 2.1 1.5  Oct 0.5 0.7 0.5 
Nov 0.5 0.7 0.5  Nov 0 0.0 0.0 
Dec 0.5 0.7 0.5  Dec 0 0.0 0.0 
         
 Egg     Pupa   
Months Mean SD SE  Months Mean SD SE 
Jan 0.5 0.7 0.5  Jan 0.5 0.7 0.5 
Feb 1.5 2.1 1.5  Feb 2.5 0.7 0.5 
Mar 0.5 0.7 0.5  Mar 1.5 0.7 0.5 
Apr 2 2.8 2.0  Apr 3 1.4 1.0 
May 2 2.8 2.0  May 4.5 3.5 2.5 
Jun 4.5 4.9 3.5  Jun 1.5 0.7 0.5 
Jul 3.5 4.9 3.5  Jul 6 0.0 0.0 
Aug 3 1.4 1.0  Aug 3 1.4 1.0 
Sep 3.5 3.5 2.5  Sep 2.5 2.1 1.5 
Oct 1 1.4 1.0  Oct 0 0.0 0.0 
Nov 0.5 0.7 0.5  Nov 0 0.0 0.0 
Dec 0 0.0 0.0  Dec 0 0.0 0.0 
 

Appendix H: Average data for the field survey in Vatukarasa study area for 2008. 

 Temperature 
(°C) 

Humidity 
(%) 

Rainfall 
(mm) Adults Egg Larvae Pupa 

Jan-08 26.5 88.0 24.6 2 1 8 1 
Feb-08 29.5 78.5  2 2 2 3 
Mar-08 29.0 86.0 0.75 3 1 4 2 
Apr-08 26.5 80.5 2.05 4 2 5 3 
May-08 24.5 71.0 3.3 3 2 11 5 
Jun-08 28.0 72.5 17.6 4 5 28 2 
Jul-08 24.3 70.0 0 3 4 30 6 

Aug-08 26.0 75.0 0.05 4 3 6 3 
Sep-08 27.5 76.5 1.3 6 4 3 3 
Oct-08 29.5 66.0 7.5 3 1 1 0 
Nov-08 29.2 68.1 0 2 1 0 0 
Dec-08 31.8 65.5 0.5 1 0 0 0 
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Appendix I: Calculation of Day Degrees of five P. schmeltzii at different stages of its life 

cycle. 

     1    

Day  Date 
Max. 
Temp Min. Temp 

Average 
Temp 

Length 
(mm) Moulting Instar Day Degrees 

1 12-Apr-08 26.9 23.5 25.2  Egg Laid   
2 13-Apr-08 28.4 22.6 25.5     
3 14-Apr-08 30.9 23.1 27.0     
4 15-Apr-08 31.4 23.8 27.6     
5 16-Apr-08 30.4 23.6 27.0    132.3 
6 17-Apr-08 30.6 22.7 26.7 4.5 Hatched 1  
7 18-Apr-08 29.9 24.5 27.2 6.2  1  
8 19-Apr-08 28 24.5 26.3 6.5  1  
9 20-Apr-08 32 23.4 27.7 6.8  1 107.8 

10 21-Apr-08 32.9 23 28.0 8.5 Moulted 2  
11 22-Apr-08 31.3 23.5 27.4 8.8  2  
12 23-Apr-08 31.9 22.9 27.4 8.8  2  
13 24-Apr-08 31.6 23.9 27.8 9  2  
14 25-Apr-08 31.6 25.4 28.5 13.2  2  
15 26-Apr-08 31 24.3 27.7 15 Moulted 3 139.0 
16 27-Apr-08 30.3 24.1 27.2 18.1  3  
17 28-Apr-08 31.6 23.6 27.6 20.1  3  
18 29-Apr-08 32.2 23.4 27.8 20.1  3  
19 30-Apr-08 31.9 23.9 27.9 20.6  3  
20 1-May-08 30.9 23.6 27.3 23.1 Moulted 4 138.2 
21 2-May-08 30.3 22.7 26.5 25  4  
22 3-May-08 30.6 22.3 26.5 26.3  4  
23 4-May-08 30.2 23.1 26.7 28.7  4  
24 5-May-08 27.7 24.4 26.1 29.6  4  
25 6-May-08 27.6 25 26.3 34.4 Moulted 5 132.9 
26 7-May-08 30.4 22.4 26.4 36.7  5  
27 8-May-08 26.9 23.9 25.4 38.1  5  
28 9-May-08 25.9 22.9 24.4 38.4  5  
29 10-May-08 28.6 23 25.8 39.5  5  
30 11-May-08 28.4 22.1 25.3 40.7  5  
31 12-May-08 27.7 22.5 25.1 40.7  5  
32 13-May-08 27.1 20.9 24.0 41.2  5  
33 14-May-08 26.5 22.4 24.5 41.8  5  
34 15-May-08 30.1 22.7 26.4 42.5  5  
35 16-May-08 27.4 23.4 25.4 42.5  5  
36 17-May-08 26.9 21.4 24.2 42.5  5  
37 18-May-08 25.3 22.4 23.9  Pupated  303.1 
38 19-May-08 24.7 22.9 23.8     
39 20-May-08 25.9 22.4 24.2     
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40 21-May-08 28.7 21.8 25.3     
41 22-May-08 29.1 20.4 24.8     
42 23-May-08 28.1 20.1 24.1     
43 24-May-08 28.3 20.5 24.4     
44 25-May-08 28 23.1 25.6     
45 26-May-08 28.9 23 26.0     
46 27-May-08 25.5 21 23.3     
47 28-May-08 29 22.5 25.8     
48 29-May-08 29.3 22 25.7     
49 30-May-08 26.1 22.4 24.3     
50 31-May-08 28.2 23 25.6     
51 1-Jun-08 28.3 21.6 25.0     
52 2-Jun-08 25 21.5 23.3     
53 3-Jun-08 25.1 22 23.6     
54 4-Jun-08 26 23 24.5  Emerged  418.1 

         
Total         1371.3 

 
 
     2    

Day  Date 
Max. 
Temp Min. Temp 

Average 
Temp 

Length 
(mm) Moulting Instar Day Degrees 

1 13-Apr-08 28.4 22.6 25.5  Egg Laid   
2 14-Apr-08 30.9 23.1 27.0     
3 15-Apr-08 31.4 23.8 27.6     
4 16-Apr-08 30.4 23.6 27.0     
5 17-Apr-08 30.6 22.7 26.7    133.8 
6 18-Apr-08 29.9 24.5 27.2 4.2 Hatched 1  
7 19-Apr-08 28 24.5 26.3 6  1  
8 20-Apr-08 32 23.4 27.7 6.2  1  
9 21-Apr-08 32.9 23 28.0 6.2  1  

10 22-Apr-08 31.3 23.5 27.4 7.4  1  
11 23-Apr-08 31.9 22.9 27.4 8.1 Moulted 2 136.5 
12 24-Apr-08 31.6 23.9 27.8 8.5  2  
13 25-Apr-08 31.6 25.4 28.5 9  2  
14 26-Apr-08 31 24.3 27.7 9  2  
15 27-Apr-08 30.3 24.1 27.2 9.8  2  
16 28-Apr-08 31.6 23.6 27.6 11.8  2  
17 29-Apr-08 32.2 23.4 27.8 13.2 Moulted 3 166.1 
18 30-Apr-08 31.9 23.9 27.9 14.1  3  
19 1-May-08 30.9 23.6 27.3 15.6  3  
20 2-May-08 30.3 22.7 26.5 17.5  3  
21 3-May-08 30.6 22.3 26.5 19.8  3  
22 4-May-08 30.2 23.1 26.7 21.5 Moulted 4 135.9 
23 5-May-08 27.7 24.4 26.1 23.8  4  
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24 6-May-08 27.6 25 26.3 26.1  4  
25 7-May-08 30.4 22.4 26.4 28.4  4  
26 8-May-08 26.9 23.9 25.4 30.6 Moulted 5 105.4 
27 9-May-08 25.9 22.9 24.4 32.3  5  
28 10-May-08 28.6 23 25.8 33.7  5  
29 11-May-08 28.4 22.1 25.3 34.2  5  
30 12-May-08 27.7 22.5 25.1 35.6  5  
31 13-May-08 27.1 20.9 24.0 35.9  5  
32 14-May-08 26.5 22.4 24.5 36.3  5  
33 15-May-08 30.1 22.7 26.4 36.3  5  
34 16-May-08 27.4 23.4 25.4 37.2  5  
35 17-May-08 26.9 21.4 24.2 38.7  5  
36 18-May-08 25.3 22.4 23.9 38.8  5  
37 19-May-08 24.7 22.9 23.8  Pupated  274.2 
38 20-May-08 25.9 22.4 24.2     
39 21-May-08 28.7 21.8 25.3     
40 22-May-08 29.1 20.4 24.8     
41 23-May-08 28.1 20.1 24.1     
42 24-May-08 28.3 20.5 24.4     
43 25-May-08 28 23.1 25.6     
44 26-May-08 28.9 23 26.0     
45 27-May-08 25.5 21 23.3     
46 28-May-08 29 22.5 25.8     
47 29-May-08 29.3 22 25.7     
48 30-May-08 26.1 22.4 24.3     
49 31-May-08 28.2 23 25.6     
50 1-Jun-08 28.3 21.6 25.0     
51 2-Jun-08 25 21.5 23.3     
52 3-Jun-08 25.1 22 23.6     
53 4-Jun-08 26 23 24.5  Emerged  394.2 

         
Total         1346.1 

 
 
     3    

Day  Date 
Max. 
Temp Min. Temp 

Average 
Temp 

Length 
(mm) Moulting Instar Day Degrees 

1 15-Apr-08 31.4 23.8 27.6  Egg Laid   
2 16-Apr-08 30.4 23.6 27.0     
3 17-Apr-08 30.6 22.7 26.7     
4 18-Apr-08 29.9 24.5 27.2     
5 19-Apr-08 28 24.5 26.3    134.7 
6 20-Apr-08 32 23.4 27.7 3.3 Hatched 1  
7 21-Apr-08 32.9 23 28.0 4.4  1  
8 22-Apr-08 31.3 23.5 27.4 6.7  1  
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9 23-Apr-08 31.9 22.9 27.4 7.9 Moulted 2 83.1 
10 24-Apr-08 31.6 23.9 27.8 8.2  2  
11 25-Apr-08 31.6 25.4 28.5 9.6  2  
12 26-Apr-08 31 24.3 27.7 10.8  2  
13 27-Apr-08 30.3 24.1 27.2 11.3  2  
14 28-Apr-08 31.6 23.6 27.6 13.1 Moulted 3 138.5 
15 29-Apr-08 32.2 23.4 27.8 14.8  3  
16 30-Apr-08 31.9 23.9 27.9 16.2  3  
17 1-May-08 30.9 23.6 27.3 18.5  3  
18 2-May-08 30.3 22.7 26.5 19.9  3  
19 3-May-08 30.6 22.3 26.5 21.7 Moulted 4 137.1 
20 4-May-08 30.2 23.1 26.7 23.2  4  
21 5-May-08 27.7 24.4 26.1 25.7  4  
22 6-May-08 27.6 25 26.3 28.3  4  
23 7-May-08 30.4 22.4 26.4 30 Moulted 5 105.5 
24 8-May-08 26.9 23.9 25.4 33.1  5  
25 9-May-08 25.9 22.9 24.4 36.7  5  

26 
10-May-

08 28.6 23 25.8 38.3  5  

27 
11-May-

08 28.4 22.1 25.3 39.8  5  

28 
12-May-

08 27.7 22.5 25.1 41.1  5  

29 
13-May-

08 27.1 20.9 24.0  Pupated  152.4 

30 
14-May-

08 26.5 22.4 24.5     

31 
15-May-

08 30.1 22.7 26.4     

32 
16-May-

08 27.4 23.4 25.4     

33 
17-May-

08 26.9 21.4 24.2     

34 
18-May-

08 25.3 22.4 23.9     

35 
19-May-

08 24.7 22.9 23.8     

36 
20-May-

08 25.9 22.4 24.2     

37 
21-May-

08 28.7 21.8 25.3     

38 
22-May-

08 29.1 20.4 24.8     

39 
23-May-

08 28.1 20.1 24.1     

40 
24-May-

08 28.3 20.5 24.4     

41 
25-May-

08 28 23.1 25.6     

42 
26-May-

08 28.9 23 26.0     

43 
27-May-

08 25.5 21 23.3     
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44 
28-May-

08 29 22.5 25.8  Emerged  369.5 
         
Total         1120.6 

 
 

     4    

Day  Date 
Max. 
Temp Min. Temp 

Average 
Temp 

Length 
(mm) Moulting Instar Day Degrees 

1 16-Apr-08 30.4 23.6 27.0  Egg Laid   

2 17-Apr-08 30.6 22.7 26.7     

3 18-Apr-08 29.9 24.5 27.2     

4 19-Apr-08 28 24.5 26.3     

5 20-Apr-08 32 23.4 27.7     

6 21-Apr-08 32.9 23 28.0 3.9 Hatched 1 134.8 

7 22-Apr-08 31.3 23.5 27.4 4.6  1  

8 23-Apr-08 31.9 22.9 27.4 6  1  

9 24-Apr-08 31.6 23.9 27.8 8 Moulted 2 82.8 

10 25-Apr-08 31.6 25.4 28.5 9.4  2  

11 26-Apr-08 31 24.3 27.7 10.6  2  

12 27-Apr-08 30.3 24.1 27.2 11.8  2  

13 28-Apr-08 31.6 23.6 27.6 13.2 Moulted 3 111.1 

14 29-Apr-08 32.2 23.4 27.8 15.3  3  

15 30-Apr-08 31.9 23.9 27.9 16.8  3  

16 1-May-08 30.9 23.6 27.3 17.7  3  

17 2-May-08 30.3 22.7 26.5 18.9  3  

18 3-May-08 30.6 22.3 26.5 19  3  

19 4-May-08 30.2 23.1 26.7 21.3 Moulted 4 163.5 

20 5-May-08 27.7 24.4 26.1 22.7  4  

21 6-May-08 27.6 25 26.3 24.6  4  

22 7-May-08 30.4 22.4 26.4 26.8  4  

23 8-May-08 26.9 23.9 25.4 28.4  4  

24 9-May-08 25.9 22.9 24.4 29.8 Moulted 5 130.8 

25 10-May-08 28.6 23 25.8 31.4  5  

26 11-May-08 28.4 22.1 25.3 33.6  5  

27 12-May-08 27.7 22.5 25.1 35.5  5  

28 13-May-08 27.1 20.9 24.0 38.4  5  

29 14-May-08 26.5 22.4 24.5  Pupated  124.6 

30 15-May-08 30.1 22.7 26.4     

31 16-May-08 27.4 23.4 25.4     

32 17-May-08 26.9 21.4 24.2     

33 18-May-08 25.3 22.4 23.9     



159 
 

34 19-May-08 24.7 22.9 23.8     

35 20-May-08 25.9 22.4 24.2     

36 21-May-08 28.7 21.8 25.3     

37 22-May-08 29.1 20.4 24.8     

38 23-May-08 28.1 20.1 24.1     

39 24-May-08 28.3 20.5 24.4     

40 25-May-08 28 23.1 25.6     

41 26-May-08 28.9 23 26.0     

42 27-May-08 25.5 21 23.3     

43 28-May-08 29 22.5 25.8     

44 29-May-08 29.3 22 25.7     

45 30-May-08 26.1 22.4 24.3     

46 31-May-08 28.2 23 25.6     

47 1-Jun-08 28.3 21.6 25.0     

48 2-Jun-08 25 21.5 23.3  Emerged  471.7 

         

Total         1219.2 
 
 
     5    

Day  Date 
Max. 
Temp Min. Temp 

Average 
Temp 

Length 
(mm) Moulting Instar Day Degrees 

1 17-Apr-08 30.6 22.7 26.7  Egg Laid   
2 18-Apr-08 29.9 24.5 27.2     
3 19-Apr-08 28 24.5 26.3     
4 20-Apr-08 32 23.4 27.7     
5 21-Apr-08 32.9 23 28.0     
6 22-Apr-08 31.3 23.5 27.4     
7 23-Apr-08 31.9 22.9 27.4 3.8 Hatched 1 163.2 
8 24-Apr-08 31.6 23.9 27.8 4.3  1  
9 25-Apr-08 31.6 25.4 28.5 4.7  1  

10 26-Apr-08 31 24.3 27.7 5.2  1  
11 27-Apr-08 30.3 24.1 27.2 6.6  1  
12 28-Apr-08 31.6 23.6 27.6 7.9 Moulted 2 138.5 
13 29-Apr-08 32.2 23.4 27.8 8.9  2  
14 30-Apr-08 31.9 23.9 27.9 10.1  2  
15 1-May-08 30.9 23.6 27.3 11.9  2  
16 2-May-08 30.3 22.7 26.5 12.9 Moulted 3 110.6 
17 3-May-08 30.6 22.3 26.5 14.1  3  
18 4-May-08 30.2 23.1 26.7 15.8  3  
19 5-May-08 27.7 24.4 26.1 17.3  3  
20 6-May-08 27.6 25 26.3 19.2  3  
21 7-May-08 30.4 22.4 26.4 21.9 Moulted 4 132.0 
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22 8-May-08 26.9 23.9 25.4 23.4  4  
23 9-May-08 25.9 22.9 24.4 25.8  4  
24 10-May-08 28.6 23 25.8 26.7  4  
25 11-May-08 28.4 22.1 25.3 27.4  4  
26 12-May-08 27.7 22.5 25.1 28.7  4  
27 13-May-08 27.1 20.9 24.0 30.1 Moulted 5 152.4 
28 14-May-08 26.5 22.4 24.5 33.2  5  
29 15-May-08 30.1 22.7 26.4 35.7  5  
30 16-May-08 27.4 23.4 25.4 36.6  5  
31 17-May-08 26.9 21.4 24.2 38.3  5  
32 18-May-08 25.3 22.4 23.9 40.2  5  
33 19-May-08 24.7 22.9 23.8 42.4  5  
34 20-May-08 25.9 22.4 24.2 45  5  
35 21-May-08 28.7 21.8 25.3  Pupated  196.2 
36 22-May-08 29.1 20.4 24.8     
37 23-May-08 28.1 20.1 24.1     
38 24-May-08 28.3 20.5 24.4     
39 25-May-08 28 23.1 25.6     
40 26-May-08 28.9 23 26.0     
41 27-May-08 25.5 21 23.3     
42 28-May-08 29 22.5 25.8     
43 29-May-08 29.3 22 25.7     
44 30-May-08 26.1 22.4 24.3     
45 31-May-08 28.2 23 25.6     
46 1-Jun-08 28.3 21.6 25.0     
47 2-Jun-08 25 21.5 23.3     
48 3-Jun-08 25.1 22 23.6     
49 4-Jun-08 26 23 24.5     
50 5-Jun-08 25.1 23.4 24.3     
51 6-Jun-08 28.3 21.4 24.9     
52 7-Jun-08 30.1 21 25.6     
53 8-Jun-08 29.3 20.3 24.8     
54 9-Jun-08 28.9 22.4 25.7     
55 10-Jun-08 29.9 22.9 26.4  Emerged  495.9 

         
Total        1388.6 
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Appendix K: Activities of seventeen adult P. schmeltzii at different hours in a day in relation 

to temperature in the cage.  

 
Hours Feeding Pairs Mating Female Ovipositing Chasing Temperature 
6am 11 0 0 2 27 
7am 17 0 0 5 27 
8am 17 3 2 9 28 
9am 12 4 2 9 29 
10am 12 1 2 8 29 
11am 9 0 3 7 30 
12pm 5 2 3 5 30 
1pm 6 0 2 6 31 
2pm 8 1 3 4 31 
3pm 8 1 3 4 30 
4pm 14 1 2 3 29 
5pm 16 0 2 2 29 
6pm 9 0 0 0 28 
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Appendix M: Number of immature stages of P. schmeltzii found per larval host plant in the 

cage.  

 
 One per plant Same plant but 

different branches 
Same branch but different 
leaves 

Same leaf 

Egg 0 101 94 72 
Larvae 0 76 88 33 
Pupa 12 33 13 0 
 
 
Appendix N: Description of the four Rutaceae plants  

 
Murraya koenigii is a shrub or a small tree 2 –5m high, occurring near sea level and also 

naturalized along roadsides and in open field. The leaflet blades are ovate to oblong, 1.5–7 x 

1–3cm, the leaves on the tip of the branch are close together and conspicuously reduced in 

size; the fragrant flowers have linear petals that are greenish white; and the fruits turn from 

pink to black at maturity. Flowers and fruits have been noted between April and November. 

The leaves are used as a flavoring in curries (Smith 1988). This plant is very important herb 

for people in South area of Republic of India, so migrated Indian people might introduce this 

plant from those areas.  

 

Euodia hortensis is a shrub or a tree 1 – 6m high, occurring from near sea level to around 

600m, cultivated in towns and villages and now also naturalized in various types of forest and 

in thickets. The foliage and inflorescences have a strong, pungent fragrance; the calyx is pale 

green to white, the petals are white or yellowish, and the stamens are white; the fruit turns 

from green to pale brown at maturity. Flowers and fruits are to be found throughout the year. 

The leaves are chewed as a remedy for toothache or stomach pains, used to prepare a tea said 

to reduce fever, or crushed to prepare a remedial bath (Smith 1988). This plant is also thought 

to introduced from other South Pacific Islands 

 

Citrus reticulata occurs in Fiji in cultivation only at elevations up to 250m, as a spiny tree 4 – 

9m high. The leaves have petioles 5 – 15 mm long, narrowly winged or margined; the blades 

are ovate to lanceolate, 4–8 x 1.5–5.5 cm, and usually crenate. The petals are white, the fruits 

depressed-globose or subglobose, 5 – 8 cm in diameter, with thin, loose peel easily separating 

from the segments, bright orange or scarlet-orange when fully ripe but in some forms 
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greenish with yellow patches, with sweet, juicy, orange pulp. Fruits seem best in Fiji between 

February and May. Fruit is edible (Smith 1988). 

 

Micromelum minutum is a shrub or a small tree 1 – 5m high, usually slender, freely branched, 

occurring at elevations from near sea level to 900 m and often locally abundant in dense, dry, 

or open forest, in thickets, and along rocky coasts. The fragrant flowers have five petals and 

filaments white to pale yellow, the anthers greenish white, and the stigma white; the fruits 

turn from green to orange and at length to red. Flowers and fruits occur throughout the year. 

Leaves are usually used to cure coughs and sore tongues (Smith 1988). 

 

Appendix O: The oviposition preference of female P. schmeltzii for four rutaceae plants. The 

number of individuals survived through the different stages.  

  

     

 

 

 

 

 Set Up 1          
Number of 
Plants 

Name of Plants Eggs 
Laid 

Hatched 1st 
Instar 

2nd 
Instar  

3rd 
Instar 

4th 
Instar 

5th 
Instar 

Pupa Adult 

2 M. minutum 86 84 63 51 39 28 21 17 12 
2 C. reticulata 0 0 0 0 0 0 0 0 0 
2 M. koenigii  0 0 0 0 0 0 0 0 0 
2 E. hortensis  0 0 0 0 0 0 0 0 0 

           
 Set Up 2          
Number of 
Plants 

Name of Plants Eggs 
Laid 

Hatched 1st 
Instar 

2nd 
Instar  

3rd 
Instar 

4th 
Instar 

5th 
Instar 

Pupa Adult 

2 C. reticulata 56 49 40 32 27 21 19 12 7 
2 M. koenigii  0 0 0 0 0 0 0 0 0 
2 E. hortensis  0 0 0 0 0 0 0 0 0 

           
 Set Up 3          
Number of 
Plants 

Name of Plants Eggs 
Laid 

Hatched 1st 
Instar 

2nd 
Instar  

3rd 
Instar 

4th 
Instar 

5th 
Instar 

Pupa Adult 

2 M. koenigii  34 11 0 0 0 0 0 0 0 
2 E. hortensis  0 0 0 0 0 0 0 0 0 

           
 Set Up 4          
Number of 
Plants 

Name of Plants Eggs 
Laid 

Hatched 1st 
Instar 

2nd 
Instar  

3rd 
Instar 

4th 
Instar 

5th 
Instar 

Pupa Adult 

2 E. hortensis  0 0 0 0 0 0 0 0 0 
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Appendix P:  Pre-pupa and adult emergence on the Citrus reticulata plant.  
 

 
 

Appendix Q: Number of days it took for ten first instar larvae to reach pupa stage.  
 

Larvae Micromelum 
minutum 

Citrus 
reticulata 

Murraya 
koenigii 

Euodia 
hortensis  

1 25 33 0 0 
2 28 30 0 0 
3 23 25 0 0 
4 27 28 0 0 
5 30 32 0 0 
6 26 30 0 0 
7 21 27 0 0 
8 24 29 0 0 
9 29 26 0 0 

10 31 35 0 0 
Average  26.4 29.5 0 0 
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Appendix R: Eight P. schmeltzii butterflies were observed visiting different flowers every 

hour for a week and the average was calculated.   

Scientific Name  Common Name Average Number 

of Butterflies 

Visited 

Average 

Frequency 

Visited 

Percentage 

(%) 

Stachytarpheta 

urticifolia 

Blue Rat's Tail 8 56 36 

Lantana camara  Lanatana 1 2 1 

Pentas lanceolata (Purple and White 

Flowers) 

8 54 35 

Tagetes erecta Marigold 0 0 0 

Ixora coccinea Red Ixora 5 28 18 

Impatiens species  Pink Flower 3 16 10 

 

 

Appendix S: Nucleotide sequence of the mitochondrial DNA of P. schmeltzii. 
 

CATAAAGATATTGGAACATTATATTTTATTTTTGGCATCTGAGCAAGTATACTAG

GAACTTCATTAAGTTTATTAATCCGAACTGAATTAGGAACTCCAGGTTCTCTAAT

TGGAGACGATCAAATTTACAATACTATTGTTACAGCTCATGCTTTTATTATAATTT

TTTTTATAGTTATACCTATTATAATTGGAGGATTTGGAAATTGATTAATCCCATTA

ATATTAGGAGCCCCTGATATAGCTTTTCCACGAATAAATAATATAAGATTTTGAC

TACTCCCCCCATCATTAACCTTATTAATTTCCAGAATAATTGTAGAAAATGGAGC

TGGAACTGGTTGAACTGTTTATCCCCCTCTTTCTTCTAATGTAGCTCACGGAAGA

AGATCTATTGACTTAGTTATTTTTTCTCTCCATTTAGCAGGAATTTCATCAATTTT

AGGAGCAATTAACTTTATTACAACAATTATTAATATACGTATTAATAAAATATCA

TTAGATCAAATATCTCTATTTGTGTGAGCTGTGGGAATTACTGCTTATTACTTCTT

CTTTCTTTACCTGTATTAGCTGGAGCTATTACTATATTATTAACAGATCGTAACTT

AAATACTTCCTTTTTTGATCCTGCAGGTGGGGGAGACCCTATTTTATATCAACATT

TATTCTGATTTTTTGGACATCCAGAAGTTTATATTTTAATTTTTACCGGG 

 
 
 
 
 


