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Author’s Note  
 

The Pipevine Swallowtail (Battus philenor) is normally a rare species in Ontario, 
with at most only a few individuals seen every year. However, in 2012 there was one of 
the largest migrations into southern Ontario on record. As a result, I had my first 
opportunity to raise ova and larvae to adulthood.   

I begin this monograph on B. philenor with a review of taxonomy, geographical 
distribution and foodplants. I then describe in detail all life cycle stages of this species 
from ova to adult, with photographic accompaniment wherever possible. Some of my 
observations are likely new to the literature, particularly the description of the 
fascinating processes surrounding pupation and emergence. My own life history 
research is supplemented with accounts of key findings on the biology, ecology, and 
behaviour of this species from several dozen works from the scientific literature.  

Much about this butterfly remains unknown. I hope that this monograph will 
generate new questions and inspire interest in some readers, who may then make 
noteworthy observations of their own. 

I would like to extend my deepest thanks to Ross A. Layberry, Alan 
Macnaughton, and an anonymous reviewer, who proofread this document and provided 
valuable feedback and guidance. I also wish to thank Laura Swystun, who has always 
encouraged me to pursue my passions to the fullest. 
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1. INTRODUCTION 
 

The Pipevine Swallowtail (Battus philenor [Linnaeus, 1771]) belongs to a tribe of 
the swallowtail family known as the Troidini. This group of species has worldwide 
distribution, but is mainly found in Central and South America, as well as the Indo-
Australian region (Braby 2000, p 251). In fact, the magnificent birdwing butterflies of 
South East Asia and adjacent regions are also of the Troidini tribe. In North America, two 
species from the Troidini tribe are regularly found, the Pipevine Swallowtail and the 
Polydamas Swallowtail (Battus polydamas [Linnaeus, 1758). B. polydamas has a more 
southern range and has never been recorded within Canadian borders. In contrast, B. 
philenor ranges from southern Canada to the Neotropics. Two subspecies are found in 
the US and Canada: subspecies hirsuta is found exclusively in northern California, while 
the rest of the populations are known as subspecies philenor (Fordyce 2000). Additional 
subspecies (orsua, insularis, acauda) are found in lowland tropical Mexico through to 
Guatamala and Costa Rica (Bauer and Frankenback 1999). 

The vast majority of B. philenor sightings in Canada are from southern Ontario, 
especially in the Carolinian zone. However, there are isolated records from Killarney, 
Manitoba in 1942 and in Val Marie, Saskatchewan (Layberry et al. 1998, p 81). Within 
Ontario, Toronto Entomologists’ Association (TEA) records show that strays have ranged 
far: Thunder Bay in 2001; Caribou Island in the middle of Lake Superior in 1979; and, in 
2012, Kingston, Ontario (Jones et al. 2012; pers comm John Poland).   

B. philenor is rare in southern Canada, although it can be observed in most years. 
TEA records show 108 observations of B. philenor in the past 30 years, or about 3-4 per 
year (Jones et al. 2012). The species is usually recorded in Ontario between mid-June 
and early October (Layberry et al. 1998, p 81), although reliable records exist from May 
6 to October 15 (Jones et al. 2012). One record from St. Thomas is dated March 7, 1956, 
but this date is artificial and was from a reared specimen (pers comm Alan 
Macnaughton). There is also a very late record from Toronto dated December 6, 1933, 
the voucher specimen for which was examined at the Royal Ontario Museum. This was 
also likely a reared specimen (pers comm Colin Jones), with an artificial eclosion date. 

Documented sightings of B. philenor ova and larvae prove that this species 
breeds in Ontario (Jones et al. 2012). However, the large changes in numbers of adult 
sightings from year to year suggest that most adults observed are migrants, probably 
from the second and third generations in the United States (Layberry et al. 1998). This 
species is believed to overwinter as a chrysalis, and one indication of overwintering in 
Canada is that of a “fairly fresh” adult observed at Point Pelee National Park on May 6, 
1999 (Jones et al. 2012). One would expect more such evidence if overwintering were a 
regular or common phenomenon.  

Even a few decades ago, it was apparent that there were permanent colonies as 
far north as Toronto that survived our winters (pers comm Glenn Richardson). The most 
probable explanation for the decline in overwintering colonies is that the foodplants, 
the non-native pipevines (genus Aristolochia), are not as popular among gardeners as 
they used to be. Before air conditioning became popular in the middle of the 20th 
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century (and especially in Victorian times), the large-leafed and rapidly-growing pipevine 
species were quite popular for their shade and aesthetic value.  

The migration of B. philenor into southern Ontario does not seem to follow any 
particular pattern. Some years, there are no observations, while in others, there may be 
several.  

Perhaps due to fortune and/or perhaps due to the extremely mild winter and 
unseasonably warm spring, 2012 turned out to be a banner year for B. philenor, with the 
most massive migration on record in recent history. Peter Hall (pers comm) estimates 
that this dwarfs any migrations recorded in the last five decades by 10 to 20 fold. 
Sightings of adults and ova were reported as early as May 28, and it is probably safe to 
say that the butterflies were here even earlier, but were not yet detected. On May 30th 
in Harrow, Ontario I observed 621 eggs on a colony of Woolly Pipevine spanning about 2 
meters (see discussion on foodplants and photographs below). Subsequently, more 
females were observed laying additional eggs, bringing the total count to approximately 
900 ova. In the next few weeks, multiple sightings of this butterfly were reported all 
across southern Ontario.  

B. philenor, like all species of the Troidini tribe, use only plants of the family 
Aristolochiaceae as larval hosts, and specifically the genus Aristolochia (Papaj 1986). In 
Canada, the Aristolochia host plants upon which this species depends are rare, and 
found in isolated areas, usually as an ornamental plant around homes and gardens 
(Layberry et al. 1998, p 81). These host plants do not naturally occur in Canada. The 
most common foodplant is now Woolly Pipevine (Aristolochia tomentosa [Sims, 1811]).  

Many sources will state that the host plant is usually Dutchman’s Pipevine 
(Aristolochia macrophylla [Lamarck, 1783]), but I have only rarely come across this 
species in Ontario. Some older texts will also use the name Aristolochia durior, which is a 
synonym for A. macrophylla. It is possible that what was previous recorded as A. 
macrophylla was misidentified in some or most instances, or this may reflect a 
gardening trend where A. tomentosa is actually more commonly planted today. Another 
possibility is that because A. tomentosa is sometimes referred to as Woolly Dutchman’s 
Pipevine, perhaps what some individuals meant to identify as A. tomentosa was 
abbreviated as Dutchman’s Pipevine, and then subsequent authors assumed this meant 
A. macrophylla. This illustrates the utility of scientific names in avoiding confusion.  

Records of host plant usage in Canada by B. philenor are scarce and mostly 
historical, and are thus difficult to verify with absolute certainty (pers comm Peter W 
Hall). In other parts of this butterfly species’ range, different species of Aristolochia may 
be preferred, for example A. californica for subspecies Battus philenor hirsuta (Fordyce 
2000), A. serpentaria in the south eastern USA, and A. reticulata in Texas (Rausher and 
Feeny 1980). 

The main differentiating feature is that the flowers and underside of leaves of A. 
tomentosa are hairy, whereas the flowers of A. macrophylla are smooth (Figures 1 & 2). 
The flowers of A. tomentosa have a fine fuzzy texture to touch. Furthermore, the leaves 
of A. macrophylla are usually much larger than that of A. tomentosa, often spanning 
more than 20 cm. The leaves of A. tomentosa rarely reach this size. These plants grow 
quickly and can cover a trellis in one or two seasons with elegant and lush cascading 
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heart-shaped foliage. The underground rhizomes often send out new growths several 
feet away from the mother plant, sometimes causing a bit of grief for the unsuspecting 
gardener.  
 

  
     Figure 1. Smooth flower of A. macrophylla. Figure 2. Flower of A. tomentosa with fine hairs 

(arrows). 
          Photo courtesy Missouri Botanical Garden.          Photo courtesy Missouri Botanical Garden. 
 

There are also sporadic reports of B. philenor utilizing Canada wild ginger 
(Asarum canadense [Linnaeus, 1753]). A. canadense, also known as Canada wildginger 
or Canadian snakeroot, is a perennial understory clonal plant, commonly found across 
southern Ontario, southern Quebec, southern New Brunswick, and southern Manitoba 
(Cain et al. 1998; Carleton 2003). It is not botanically related to true ginger (Zingiber 
officinale [Roscoe, 1807]), but is a relative of the genus Aristolochia, and does belong to 
the Aristolochiaceae family of plants. However, reports of its suitability as a host plant 
are highly suspect (Papaj 1986). We clearly do not see widespread colonization of 
southern Ontario by B. philenor despite the abundance of A. canadense and the ability 
of this butterfly to survive our winters. Furthermore, early reports of knotweed (family 
Polygonaceae) and morning glory (family Convolvulaceae) being suitable host plants are 
also dubious (Cech and Tudor 2005). 
 

2. ADULTS 
 

Males tend to eclose (emerge from their pupa) a bit earlier than females (Sims 
and Shapiro 1983c) - no doubt an evolutionary adaptation to ensure that females do not 
emerge unable to find mates. Males patrol areas where females may be found, usually 
near host food plant. When not locating females, males are often found ‘puddling’ at 
areas containing moist sand or dirt. The males do so to extract sodium ions not provided 
in substantial quantities by nectar. This has been demonstrated in other butterfly 
species to be important for mating success and fertility (Lederhouse et al. 1990). 

The book “Butterflies of Canada” by Layberry et al. reports the wingspan of this 
butterfly as 58-83 mm (Layberry et al. 1998, p 81). However, I have reared specimens 
which reached 98 mm in wingspan (male wingspan 87-89 mm, female wingspan 88-98 
mm). The females are generally slightly larger than the males in terms of wingspan, and 
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the abdomens are also more distended than that of the male, as the female is carrying 
eggs.  

The upper surface for both sexes is black suffused with iridescent blue sheen 
which is more extensive on the hind wings. On the forewings, this sheen is seen mainly 
along the lateral margins of the wings. At certain angles, there is even a hint of violet. 
This sheen is duller and less blue in the female, and is more a bluish-black colour. On the 
upper side of both wings, both sexes also have two rows of ivory to cream spots along 
the outer margins. The outermost row is right along the edge of the wings, while an 
inner row of chevron-shaped spots is several millimetres inward. These spots are more 
prominent in female butterflies. On the underside, the forewings look fairly similar to 
the upper side in both sexes. The underside of the hind wings contains seven bright 
orange spots several millimetres in diameter, surrounded by a halo of violet-black. 
Contained within this halo are small areas of white, usually at the superior and inferior 
aspects of the central orange areas, and usually larger in the female. These areas are in 
turn surrounded by beautiful iridescent colouration, which may range from blue to 
green. These form a contiguous crescent-shaped area of iridescence filling the outer half 
of the hind wings. Iridescent blue is also found on the abdomen of the butterflies, which 
is more extensive in the male. Along the very edge of the hind wings there is another 
row of ivory to cream spots, which is larger in females (Figure 3).  

 
 

 

 
Figure 3. Photographs of male upper side (top left), male underside (bottom left), female upper side (top 

right), female underside (bottom right). Male wingspan 89 mm. Female wingspan 93 mm. 
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The blue colour in these butterflies is interesting because it is not produced by 
pigmentation in the scales. Instead, much like the Morpho butterflies of Central and 
South America, the iridescent colour is generated by coherent scattering, and is due to 
the microstructure of the scale surface (Prum et al. 2006). These structures are so small, 
on the nanometer scale (e.g. wavelength range of visible light), that they can only be 
revealed with electron microscopes. The microscopic patterns on the wing scales are 
such that when light hits the surface, only certain specific wavelength ranges are 
reflected back. Unfortunately, the brilliance and depth of the colour cannot be 
reproduced well in photographs. The iridescent colour also changes depending on the 
angle at which the wings are viewed. With extremely few exceptions, blue and green 
colours in butterflies are produced by this structural mechanism (Prum et al. 2006). 

The bold ventral (underside) colouring has been hypothesized to warn predators 
of the unpalatable nature of these butterflies. In contrast, evidence suggests that the 
dorsal (upper side) iridescent coloration is used for sexual signalling rather than warning 
predators. During aerial courtship dances, the male butterfly will repeat a series of 
manoeuvres whereby he positions himself beneath the female, and then flies forward 
and upward in front of her, displaying his dorsal colours (Rutowski et al. 1989; Rutowski 
et al. 2010). 

B. philenor are unpalatable because of their Aristolochia larval host plants. These 
plants contain a family of secondary compounds known as aristolochic acids, of which 
there are several types. Adult butterflies primarily contain aristolochic acid I (Fordyce 
2000). These acids are consumed by the larvae and sequestered in their tissues, making 
the adults unpalatable to vertebrate predators (Pinheiro 1996). The larvae also gain 
protection from these chemicals, as do the ova laid by the females. Aristolochic acids 
have also been shown to be toxic to humans (De Broe 2012), as well as other butterfly 
larvae. 

Several other North American butterfly species have evolved in a convergent 
fashion to look similar to B. philenor, gaining some protection in the process (known as 
Batesian mimicry) even though they themselves are likely palatable to predators. This 
protective phenomenon has been demonstrated both in the laboratory and in the field 
(Fordyce 2000). Examples of species which are part of this mimicry complex include the 
Spicebush Swallowtail (Papilio troilus), Eastern Black Swallowtail (Papilio polyxenes), 
Eastern Tiger Swallowtail (Papilio glaucus), Red Spotted Purple (Limenitis arthemis 
astyanax), and Diana Fritillary (Speyeria diana).  

In P. glaucus, the females are dimorphic, with a yellow form which looks similar 
to the male, and a melanic form which looks like B. philenor. There is a direct correlation 
between the frequency with which the melanic form is found in a given population, and 
the density of B. philenor in that region. The melanic form is almost never found outside 
the flight range of B. philenor, as no survival advantage exists in that situation. Dark 
females of P. glaucus can rarely be found in southern Ontario, especially Point Pelee 
National Park and Pelee Island.  

Limenitis arthemis astyanax is an even more extreme and interesting mimic.  It is 
the same species as the White Admiral (Limenitis arthemis arthemis), but the two 
subspecies look so different that they were once thought to be two different species. 
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However, the fact that they are the same species is supported by the fact that they 
freely interbreed where their flight ranges overlap, a band across central Ontario south 
of the Canadian Shield (Layberry et al. 1998, p 208-209). Limenitis arthemis astyanax is 
only found in regions where B. philenor fly. In the rest of its Ontario range, we see the 
non-mimetic Limenitis arthemis arthemis. The fact that these two subspecies are so 
strikingly different phenotypically is a testament to the survival advantage conferred by 
mimicking the distasteful B. philenor.  

Examination of B. philenor populations in California has revealed that over the 
course of the flight season, the concentration of aristolochic acids in males remains 
fairly constant, while levels decline in females. It has been hypothesized that females 
transfer these compounds to the eggs, explaining the drop in concentration over time. It 
is possible that females at the end of the flight season are auto-mimics of males, thus 
mitigating the loss of this chemical defense (Fordyce et al. 2005). 

Another way in which B. philenor, and indeed other aposematic (being 
conspicuous and serving to warn) lepidopterans, signal their unpalatability to predators 
may be through aggregate perching at night. B. philenor usually begins perching close to 
sunset, when their iridescent ventral warning colours are still effective. A conspicuous 
location is usually employed. In butterflies studied in the field and enclosures, 
aggregates perched with the plane of their wings parallel to each other. This has been 
hypothesized to effectively increase the size of the warning signal. These behaviours 
may facilitate warning signal detection, learning, and recognition by naïve predators 
(Pegram et al. 2012). Aggregate perching is likely difficult to observe in Ontario, where 
this species rarely occurs in large enough numbers to congregate.  
 

3. OVA 
 

After mating, females lay eggs in clusters ranging from two to many dozens - I 
have counted up to 69. The average is approximately 16. The eggs are almost spherical, 
approximately 0.8 mm in diameter, and are an orange rust colour. Against a green 
background, they are quite noticeable. If one takes a closer look, it will be apparent that 
the eggs are not smooth. Instead, the egg surface is covered with irregular raised 
plaques of orange. Occasionally, the eggs are a lighter yellowish orange colour. The 
female butterfly will typically lay these egg clusters on young plant tendrils, or the 
petioles (leafstalk) of young leaves. The newly hatched caterpillars are too small to 
tackle the larger tougher leaves. On occasion, eggs will be laid directly on the underside 
of a leaf, usually near the edge (Figures 4-6). 

Depending on temperature, the eggs will hatch 5-11 days later, and over the 
course of these days, one will notice the centre of the egg turning darker, corresponding 
to the developing head capsule of the larva inside. At room temperature, eggs under my 
care usually hatch within 5-6 days. The timing of the hatching process and development 
are remarkably consistent within each clutch of eggs, and larvae often emerge within a 
few hours of each other (Figures 7 & 8). 
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Figure 4. Female B. philenor ovipositing a cluster of eggs on A. tomentosa. 

 

 
Figure 5. Eggs are laid on new tendrils or petioles of young leaves, and are an orange rust colour. 
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Figure 6. Sometimes, the eggs are laid on the underside of a lead, near the edge. 

 

 
Figure 7. Empty eggshells, some of which were partially consumed by newly hatched larvae. 
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Figure 8. Newly hatched larvae of B. philenor. 

 
Research shows that the selection process for site of oviposition is surprisingly 

complex. Initially, a suitable host species is located visually, by leaf size and shape 
(Rausher 1978). Thereafter, there is considerable selection as to exactly which plant, 
and what part of that plant on which she will oviposit. Females will often be seen 
alighting briefly and repeatedly on different parts of the host plant, assessing its 
nutritional status and various morphologic characteristics such as leaf surface area, 
height, and tendril length (Rausher and Papaj 1983). There is also a chemical aspect to 
this assessment of plant suitability. It has been shown that oviposition is stimulated by a 
synergistic mixture of chemicals, including methyl inositols (D-(+)-pinitol and 
sequoyitol), aristolochic acids (I and II), and 1,2-di-α-linolenoyl-3-galactosyl-sn-glycerol 
(Papaj et al. 1992; Sachdev-Gupta et al. 1993). Larval survival rates are higher on the 
accepted host plants compared to those which the female rejected (Rausher and Papaj 
1983).  

Female B. philenor are also able to recognize plants on which there already exists 
conspecific (same-species) ova or larvae (Papaj and Newsom 2005; Rausher 1979; 
Fordyce 2006). This factor is a strong deterrent to further oviposition regardless of host 
plant size and quality - a strategy which has also been shown to benefit larval 
performance. This may be especially important in regions in the United States where the 
preferred larval food plant is A. reticulata, A. erecta, or A. serpentaria. These are small 
plants which grow low to the ground, and are usually incapable of sustaining even one 
larva to maturity. The larvae often eat the entire plant to the ground, and are then 
forced to disperse in search of additional host plants. One can hypothesize there is 
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selection pressure for the females to minimize competition amongst the larvae for food 
in such cases. Larvae which are small during this time of dispersion are at greater risk of 
predation, compared to larvae which had less competition for food and were able to 
grow to a larger mass before dispersing. However, when host plant is scarce, or if the 
females are carrying a large quantity of eggs, she will be less selective of plants and 
oviposition sites, and will search more intensely (Odenaal and Rausher 1990). 
 

4. LARVAE 
 

Under indoor rearing conditions, the larval stage may be completed in as little as 
12-13 days (my observations) or as long as 39 days (Brown 1980). No similar 
observations for natural conditions are available.  

Shortly after hatching, the caterpillars will often eat what is left of the eggshells, 
and then move on to eat young new growths, which are preferred over older tougher 
leaves. The newly hatched larvae have smaller mandibles and likely find the younger 
leaves easier to consume. Additionally, younger foliage is also nutritionally superior to 
older leaves (Fordyce 2006). On A. tomentosa, which have fine hairs on the foliage, the 
young larvae will consume the flesh of the leaves and leave behind a characteristic 
tangle of fine hairs. Older larvae can tackle full-grown leaves as well as stems of the 
vine.  

Readers who wish to rear this species indoors should provide the larvae with 
fresh leaves daily. If the host plant is difficult to obtain, the succulence of the leaves may 
be maintained by putting the stem in a small vial of water and putting the food and 
larvae in a container to minimize moisture loss. One must ensure that the rest of the vial 
is covered up so as to prevent young larvae from wandering into the vial and drowning. 
In this manner, leaves may last 2-3 days. Larvae reared on food with poor water and 
nutrient content will be stunted; neither the larvae nor the butterflies will reach their 
full size. Some fear that a container with no holes may suffocate the larvae, but I have 
never found this to be a problem. Even large larvae do not consume enough oxygen to 
deplete what is in a reasonably sized container. In additional, the uneaten leaves will 
still produce some quantity of oxygen. 

There are reports of larval and pupal cannibalism for this species when food is 
scarce (Dethier 1937), but I am uncertain regarding larvae consuming ova. It is also 
uncertain whether larger larvae eat smaller larvae or pupae intentionally, or if they are 
only following instinct, being guided by chemical or olfactory cues and are simply unable 
to distinguish foliage from kin. The latter is more likely (de Niceville 1901; pers comm 
Glenn Richardson). Cannibalism between larvae is not usually a problem unless the 
larvae are extremely different in size, i.e. are separated by three instars or more. Similar 
size larvae do not display cannibalism even in the absence of food. For butterflies in 
general, cannibalism is taxonomically widespread (Brues 1936; Moore 1912). It may 
sound gruesome, but cannibalism under appropriate circumstances is adaptive and can 
improve growth rate, survivorship, vigor, longevity, and fecundity. It may also be 
integral in population density regulation, suppressing population outbreaks, stabilizing 



 

 11 

host plant-insect relationships, and mitigating rates of parasitism (Richardson et al. 
2010). 

The newly hatched larvae will moult 5 times, and the stage between each of 
these moults is known as an instar. The last moult of course leads to the pupal stage. 
Within each instar, as the caterpillar is about to moult, it stops eating and will rest on a 
flimsy silk network while the new larval skin develops underneath the old skin that is 
about to be shed. Careful observation will reveal the new, larger, head developing just 
posterior to the old head capsule as a conspicuous and slightly translucent bump (Figure 
9). This whole process usually takes about a day. After moulting, the head capsule and 
three pairs of thoracic legs will turn from transparent to black as they harden. After a 
period of rest of several hours, the larva is ready to resume feeding. 
 

 
Figure 9. Fourth instar larva about to moult. Notice the slightly translucent bump behind the current head 

capsule, which represents the larger head developing for the next instar. 
 

After hatching, the larvae are about 2 mm in length, reaching to about 5 mm 
before the first moult (Figure 10). After the moult the larvae do not eat their exuvia 
(shed skins, the singular is exuvium) initially, but do consume the exuvia starting from 
the third or fourth instar (Figure 11). During the first instar, not much detail can be seen 
with the unaided eye. The caterpillars are an orange brown colour with rows of small 
bumps along its back. During the first two to three instars, the larvae are gregarious, and 
will often line up parallel to each other and feed along the leaf edge while hiding from 
predators underneath (Figure 12). From above the leaf, one often only sees a small row 
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of larval heads moving rhythmically during leaf consumption. At this stage, even periods 
of feeding and resting are synchronized.  

 
Many possible explanations, which are all likely correct to some degree, have 

been put forth to explain aggregative feeding behaviour in general. One theory which 
has garnered much support is that group feeding may afford the young larvae some 
degree of protection from predators. By acting as a single coordinated mass, some 
predators may be confused or think the mass of caterpillars is one entity, thus making 
them appear larger than in actuality (Stamp 1980). Another hypothesis is that group 
feeding helps larvae maintain body temperature and decrease moisture loss (Klok and 
Chown 1999). More recent work from Fordyce et al. indicates that aggregate feeding 
induces a host plant response whereby following leaf damage, the host plant goes 
through a temporary period of increased suitability. First instar larvae feeding in groups 
were observed to grow faster than first instar larvae in isolation, independent of direct 
interaction among larvae. The mechanism underlying this increased host suitability is 
unknown, but the advantage of faster larval growth is clear. Larvae are most susceptible 
to predation during the early instars when they are smallest. Faster growth translates 
into a reduction in the amount of time they remain in these most vulnerable stages of 
development (Fordyce 2003). Furthermore, the concentration of aristolochic acids 
increases substantially (approximately doubles) in the plant following leaf damage for 
nearly a week. The larvae feeding on this higher level of plant toxin show no physiologic 
cost or increased mortality compared to larvae reared on leaves with normal levels of 
aristolochic acids. On the contrary, the larvae gain additional protection from predators, 
presumably because of their higher levels of sequestered toxins (Fordyce 2001). 
However, the benefits of group feeding only extend so far, since a female will tend to 
avoid ovipositing on plants with previously laid clutches (Fordyce 2006).  
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Figure 10. First instar larva, preparing to enter the second instar. 

 

 
Figure 11. Shed skin from a later instar larva. Again, notice the hairy flowers of A. tomentosa. 
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Figure 12. Second instar larva, which remain gregarious. They typically hide on the underside of leaves. 

 
Starting from the third instar, the larvae become less gregarious and will begin to 

start feeding on their own. Perhaps at this stage gregarious feeding no longer affords 
sufficient additional benefit, or perhaps they are eating leaves so quickly at this stage 
that a dozen larvae sharing a single leaf becomes disadvantageous. When raised in 
captivity, even late instar larvae tend to feed in synchrony, despite not feeding 
gregariously. I am uncertain if this behaviour is found in nature, or whether in captivity, 
this synchronization is maintained by tactile or chemical cues.  

At this third instar, one can see a hint of what the caterpillars will look like during 
their final instar. They are brown black with two dorsal rows of tubercles, the central 
ones being tipped with orange. Behind the head, there is a pair of long filaments, which 
are not just decorative, but are likely being used as feelers, moving independently from 
movements of the head. Behind the head are three more pairs of filaments, about one 
third the length of the long filaments right behind the head. Three more pairs of similar 
filaments are seen on the dorsal aspect of the last three abdominal segments. There are 
also small tubercles on the sides of the abdominal prolegs.  

At the end of the third instar, larvae are approximately 16 mm. The subsequent 
moults do not lead to significant alterations of this general morphology - the larvae 
simply become larger and the filaments a bit longer. At the start of the fifth instar, 
larvae are typically 24-26 mm long. B. philenor larvae are usually brownish black with 
the dorsal tubercles being orange (Figures 13 & 14). One may also occasionally 
encounter larvae which have a bright rust orange ground colour. 
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When fully grown, the caterpillar may reach up to 5 cm in length at rest, and the 
amount of foliage it consumes during its fifth instar is on par with that of the Monarch 
(Danaus plexippus) or perhaps the Giant Swallowtail (Papilio cresphontes).   

 
 

 
 

Figure 13. Fourth instar 
B. philenor larva. 
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Figure 14. Final instar larva of the B. philenor. 

 
Like all swallowtail species, B. philenor larvae possess a V-shaped organ called 

the osmeterium. This is everted from a small horizontal slit located on the prothorax, 
just behind the head capsule (Figure 15), in response to perceived threats. When 
extruded, the osmeterium releases pungent chemicals which deter predators. In 
swallowtail butterflies, the osmeterial chemicals are typically butyric acid or 
monoterpene/sesquiterpene derivatives (Eisner et al. 1970; Eisner et al. 1971; Honda 
1980; Honda and Hayashi 1995). In B. philenor, aristolochic acid can also be found in the 
osmeterial secretions (Sime 2002). The osmeterium is of variable colour depending on 
the species, but in B. philenor, is usually a yellow or yellowish orange colour. The 
osmeterium is most often displayed in response to threats when the caterpillar is not 
very mobile, that is, before pupation or moulting. Otherwise, the caterpillars may 
temporarily hold still and stop feeding, or sometimes may drop to the ground when 
disturbed, to avoid predation (Stamp 1986). 
 



 

 17 

 
Figure 15. When threatened, a larva may evert its osmeterium, releasing foul smelling chemicals to deter 

predators. 
 

5. THE PUPATION PROCESS 
 

As the larva is getting ready to pupate, it will stop eating and evacuate its 
intestinal system not with the usual pellet of frass, but with a loose watery stool. This 
signals that the caterpillar will no longer require a food supply. Sometimes, it will expel 
one additional smaller pellet of frass after the loose stool. The larva will now wander off 
and away from its host plant in search of a suitable pupation site. This wandering may 
last approximately 12 hours (range 9.5-14 hours), during which the larva has probably 
travelled several dozen meters.  

Initially, during this wandering phase, if the larva encounters the end of a twig or 
ledge, it will often allow itself to drop down and continue searching. Toward the end, 
when it is getting ready to settle down on a location, it will no longer do this, but will 
double back along its search path should it come to an end. Once it has found a location, 
it will reach around with the forward half of its body and filaments to ensure there are 
no obstacles in the immediate area, before resting. I have observed a larva once actively 
moving a soft branch out of the way with its head, in order to ensure the pupation site it 
has chosen is clear. After this, it will rest for a period before laying down a fine network 
of silk, before turning around and building a raised silk pad (Figure 16), to which it will 
ultimately attach its anal prolegs. This process takes about an hour. After this silk pad is 
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complete, the larva will proceed to build a silk girdle which will eventually support the 
pupa across its midsection. 
 

 
Figure 16. Fully grown larva building a silk pad, on which it will attach its anal prolegs. Notice the fine 

meshwork of silk on the rest of the twig, aiding the caterpillar’s foothold. 
 

This is a most fascinating process, and takes anywhere between 30-45 minutes, 
utilizing 19-26 individual strands of silk. The caterpillar begins by attaching a single 
strand of silk to the twig (or whatever substrate it has settled upon) either on its left or 
right side, just above the level of the first abdominal prolegs. The strand is so thin that it 
is barely perceptible, and most easily identified by the way it reflects a bright light 
source. It is amazing that this strand of silk remains intact throughout the initial 
manipulations by the larva.  

The silk is extruded by a small spinneret located just below the mandible. After 
the first strand of silk is attached, the larva moves its body in a characteristic arc pulling 
silk from the spinneret and using the first pair of thoracic legs and upper body to 
support the thin strand. The arc motion ends on the other side of the twig at the same 
level as the initial attachment of the silk; now the silk is attached on both sides of the 
twig, forming the loop of the silk girdle (Figure 17). The caterpillar repeats this process 
back and forth, and after enough silk has been collimated into a single filament strong 
enough to support the future pupa, the larva pushes its head through the loop and 
manoeuvres its body so that the silk girdle slides downward. It catches a natural 
constriction just above the body segment containing the first pair of abdominal prolegs. 
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Figure 17. B. philenor larva in the process of spinning its silk girdle. A thin strand of silk can be seen 

emanating from the spinneret, just below the mandible. 
 

The larva now enters a period of quiescence (lasting approximately 23-28.5 
hours), though it can still wiggle around if disturbed. During this period, a series of 
changes occur, and the larva becomes more compact, measuring about 3 cm in length. 
The colour of the pupal shell starts to develop and can be seen through the skin. The 
fluid and tissues in the prolegs and various filaments are resorbed, and they are seen to 
become flaccid and lose their cylindrical shape. The fluid resorption occurs in a stepwise 
fashion from head through to the lower abdominal segments, regardless of the larva’s 
position. Once the last bit of fluid around the last abdominal segment has been 
resorbed (Figure 18), pupation is imminent, and usually occurs in the next hour or so.  

Pupation starts with a series of rhythmic contractions beginning at the most 
caudal aspect of the caterpillar. The overlying skin retracts toward the end of the 
caterpillar, and eventually a vertical split in the skin occurs in the mesothorax once the 
skin has been sufficiently stressed (Figure 19). Presumably there is a natural weak point 
at this location. The skin undulates past the underlying pupa, and as it does so, a series 
of white stripes are seen along the sides of the body. These stripes represent the lining 
of the numerous spiracles which are also being shed and remain attached to the outer 
skin (Figure 20).  
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Figure 18. On the left, the larva is seen attached by the silk pad and girdle. The filaments remain turgid. 
The same larva on the right, approximately 24 hours later, is seen to be less rounded, and the filaments 

have lost their fluid and become flaccid. Pupation is imminent. 
 
 
 

 

 
Figure 19. The same larva as Figure 18. Pupation has begun. As the old skin is shed toward the posterior 

aspect of the larva, it splits over the mesothorax. 
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Figure 20. The same larva as Figure 18. As the skin continues to shed, a series of white stripes (arrows) are 

seen, which represent the lining of the spiracles which are contiguous with the outer skin. 
 

Eventually, the skin forms a clump near the end of the pupa on the ventral 
aspect of the abdomen. At this point, the thorax of the pupa is supported by the silk 
girdle, while the caudal aspect is supported by the silk pad. This silk pad is attached to 
where the anal prolegs used to be on the clump of larval skin. The skin is in turn 
attached to the last few segments of the abdomen ventrally. The pupa then manoeuvres 
its cremaster (the most caudal tip of the pupa which bears many tiny crochets or hooks) 
out of the clump of skin to hook on to the posterior silk pad, while the ventral 
abdominal segments remain attached to the skin (Figure 21). A series of gyrations 
ensure that the microscopic hooks in the cremaster attach securely to the loops of silk 
on the surface of the pad. This series of motions also then detaches the skin. Pupation is 
now complete after approximately 6-8 minutes. Over the next several hours, the newly 
formed pupa will mould itself into its final shape. The pupal shell will require about 24 
hours to harden (Figure 22). 
 



 

 22 

 
Figure 21. The same larva as Figure 18. Before the last abdominal segments detach fully from the clump of 

skin, the pupa manoeuvres its cremaster (arrow) to hook on to the silk pad posteriorly. 
 

 
Figure 22. A newly formed pupa, which will form into its final shape over the next several hours. The pupal 

skin at this stage is soft and delicate. 
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6. PUPAE 

 
The pupa of B. philenor is dimorphic; that is, there are two colour forms. Rarely, 

there may be intermediate forms (Sims and Shapiro 1983a). The pupa may be green or 
purplish brown (Figures 23 & 24), with bright yellow accents on its dorsal surface. The 
colour is determined by a number of factors including the roughness or smoothness of 
the pupation site, as well as the colour of surrounding structures. Rough substrates 
favour the formation of brown pupae, while smooth surfaces tend to favour green 
pupae. If the larva is surrounded by substrate that is yellow, green, or red, pupae again 
tend to be green. This response is presumably an adaptation to ensure that the pupae 
develop the best camouflage for its surroundings. In nature, pupae tend to be brown, as 
larvae prefer to pupate on rough exposed surfaces above ground level such as tree 
trunks. Green pupae are typically seen on slender twigs hidden within foliage (Sims and 
Shapiro 1983b). 

The pupa contains a number of angular projections, and the surface is marked by 
a fine venation to help it camouflage with surrounding leaves, twigs, or other structures. 
A typical pupa is 33-35 mm in height. Careful examination of the pupa will reveal the sex 
of the future adult butterfly. The ventral surface of abdominal segment 8 of pupae 
containing a female butterfly will have a small vertical depression, which is not present 
in the male counterpart (Figure 25) (Braby 2000, page 9). 
 

 
Figure 23. The green form of the B. philenor pupa. 
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Figure 24. The brown form of the B. philenor pupa. 

 

 
Figure 25. Empty pupal cases of male (left) and female (right) B. philenor. Notice that for the female, there 

is a small vertical depression on abdominal segment 8 (arrow), which is not found in the male. 
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For most North American butterflies, the pupa may do one of two things. It may 

proceed to the formation of a butterfly in the next few weeks, or it may enter a period 
of quiescence known as diapause. The factors which determine this are mainly 
photoperiod (hours of daylight per day) and temperature. These are indicators of 
season, and if the caterpillar perceives, based on photoperiod and temperature, that fall 
is far away and there is time for another brood, the pupa will develop directly into an 
adult, which will continue the next generation. If however, the perception is that days 
are getting shorter and temperature is decreasing, then the pupa will enter diapause in 
preparation for the winter. During diapause, the metabolism of the pupa slows 
dramatically, and chemical changes also occur to help the pupa survive the winter. 
Chemicals are built up in the tissues which prevent the pupa from freezing and forming 
ice crystals, which irreversibly damage cells leading to pupal demise. 

Diapause induction for B. philenor, however, does not depend on photoperiod at 
any temperature (Sims and Shapiro 1983c). It has been hypothesized that this is because 
B. philenor is essentially a tropical species, which has only recently (in terms of geologic 
time) expanded its range to more northern climates. This idiosyncrasy is essentially a 
throwback to earlier evolutionary times. What exactly determines whether a pupa 
develops directly or goes into diapause has been extensively studied and is quite 
complex (Sims and Shapiro 1983c; Sims and Shapiro 1983d), including temperature, and 
plant nutrient content. Within any brood, there is always a fraction of pupae which 
diapause. Sometimes, a pupa will aestivate (the equivalent of diapause, but for the 
summer season) to escape especially hot or arid summer conditions, only to emerge as 
an adult later in the summer of the same year. Rarely, a pupa may diapause for more 
than year, emerging not the next spring, but the subsequent one. Thus, it is impossible 
to state exactly how many broods there are in a year. Sims et al suggest that each 
generation may be a mixture of individuals which developed directly from pupae, and 
individuals which have undergone an aestivo-hibernal pupal diapause (Sims and Shapiro 
1983d).  

About halfway through pupal development, if one holds the chrysalis up against 
a bright light, one will be able to see dark eye spots beginning to develop within, against 
a background of light green. This is a sure sign that the pupa will not diapause, and will 
emerge in an equal amount of time as has already passed since pupation. For direct 
developers, the pupal stage may last anywhere from 8-23 days depending on 
temperature (Sims and Shapiro 1983c). Indoors, pupae under my care emerge between 
10.5 and 11.5 days after pupation. 
 

7. EMERGENCE 
 

Even though a multitude of changes are happening throughout the pupa during 
the entire pupal period, the most dramatic visible changes occur toward the end, near 
the time of eclosion (emergence of the adult butterfly). Toward the end, regardless of 
initial colour of the pupa, the casing will become transparent, and one will be able to 
see the butterfly underneath. The abdominal segments can be seen, along with several 
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rows of white spots running ventrally and laterally. As well, the upper surface of the 
forewings will also be apparent. They are difficult to see, because the forewings are 
inherently dark, but wing development is announced by the appearance of the 
cream/ivory spots that run along the lateral wing margins. When the spots on the lateral 
margins of the forewings and hind wings can be seen clearly through the pupa casing, 
eclosion will occur within the next 24 hours.  

Close observation during this period reveals many interesting visible changes. 
Initially, although the butterfly has developed within, its body surface remains attached 
to the inner surface of the pupal casing. In order for the butterfly to emerge, it must 
separate itself from the pupal shell. Air slowly accumulates inside the pupa, and a thin 
layer of air will slowly begin to separate all the body surfaces from the pupal casing. 
When this happens, the colour of the butterfly underneath will appear less vibrant and 
saturated, as the air gap between the pupa and butterfly surface creates another layer 
of refraction. The air accumulates initially along the most prominent aspects of the 
butterfly such as the eyes and thorax, and the base of the wings where they attach to 
the thorax. Slowly, the air accumulates along the veins of the forewings, eventually over 
the entire surface of both forewings, and finally over the segments of the abdomen. This 
is a good indication that eclosion will take place within the next hour or so (Figures 26 & 
27). 
 

 
Figure 26. An air gap partially separates the butterfly from the inner surface of the pupal casing. The areas 

on the forewing that are still black indicate areas where the air has yet to permeate. 
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Figure 27. A ventral view of the same pupa as in Figure 26 reveals the striated pattern of air gaps, which 

follow the pattern of veins on the forewings. 
 

At this time, if one observes the back of the butterfly, along the midline 
abdomen, one can see a series of pulsations, corresponding to cardiac activity and 
pulsation of hemolymph (the insect equivalent of blood). I have timed to pulsations to 
about 94 beats per minute, and curiously, this starts to slow the closer the butterfly 
approaches emergence, to a low of about 60 beats per minute.  

Moments prior to eclosion, a series of wave-like contractions will occur 
throughout the abdomen. One final contraction will also coincide with movement of the 
legs forward, which pushes open the pupal casing (Figure 28). A triangular piece of the 
chrysalis that covers the eyes, proboscis, antennae, and legs breaks and hinges forward 
at the apex. At the same time, splits occur along either side of the thorax. The butterfly 
frantically moves its legs in an attempt to grab on to a branch or other suitable 
substrate, and upon doing so, pulls itself out of the pupal casing. As it leaves, meconium 
(waste product accumulated during the pupal stage) is expelled into the bottom of the 
old pupal casing, which has a rust red colour (Figure 29).  
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Figure 28. A newly formed B. philenor starting to eclose. 

 

 
Figure 29. Empty pupal casing after the butterfly has emerged. Meconium is seen just to the left. 
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Figure 30. Newly emerged female B. philenor expanding her wings. 

 

 
Figure 31. The same individual as in Figure 30, with the wings fully expanded. The process takes about 10-

15 minutes, but it will be a few hours before the wings are hard enough to support flight. 
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The butterfly crawls several centimetres to locate a suitable resting place, and proceeds 
to pump hemolymph into the veins of the wings, causing them to expand. Initially, the 
upper abdomen can be seen to contract rhythmically during this period. It now hangs 
vertically so that the wings will remain straight and flat, with the aid of gravity. 
Otherwise, the wings may form in a deformed fashion. The wings are fully expanded in 
10-15 minutes but will take a couple of hours to harden thoroughly before the insect is 
capable of flight (Figures 30 & 31). During this time, it will periodically flap its wings, 
perhaps as an attempt to test them. It will also display this behaviour if disturbed, 
possibly as a defense mechanism to startle would-be predators. The butterfly will also 
continue to discharge small quantities of fluid from the abdomen, spontaneously but 
also when disturbed, which is turbid pale red unlike the vividly coloured meconium. 

 
8. FINAL REMARKS 

 
With the massive migration of 2012 providing an ample supply of ova and larvae, 

it has been extremely rewarding to rear this species and observe its natural history in 
full from oviposition to eclosion. I am hopeful that this migration will spawn some 
persistent colonies, which may survive to the following spring. 

Butterfly enthusiasts across southern Ontario are encouraged to cultivate 
suitable Aristolochia species, which is critically important if this species is to establish a 
more permanent presence in southern Ontario. As well, the rearing of ova or larvae 
would also be helpful, as in the wild, only 1-2% of butterfly ova survive to adulthood.  

In Ontario, the Ministry of Natural Resources recognizes “specially protected 
invertebrates” and imposes limitations on their trade, transportation, rearing, and 
collection. All Ontario swallowtail species fall under this category, and a permit is 
required (with few exceptions) to raise these species. Due to the overwhelming influx of 
B. philenor into southern Ontario this year, the Ministry has approved an increase in the 
TEA permit’s rearing and collecting limits for this species to 25 and 5 respectively. It is 
uncertain if this increase shall remain permanent. For more information, the reader is 
referred to the Toronto Entomologists’ Association website (www.ontarioinsects.org). 
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