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PHYLOGENY OF THE TROIDINE BUTTERFLIES (LEPIDOPTERA:
PAPILIONIDAE) REVISITED: ARE THE RED-BODIED
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Abstract

The phylogenetic relationships and biogeography of troidine butterflies are reassessed. The
subtribe Troidina is considered to comprise the following generic groups, representing vicariant
separation within western, central and eastern Gondwana respectively: Parides Hiibner +
Euryades C. & R. Felder; the ‘red-bodied swallowtails’® Atrophaneura Reakint + (Pachliopta
Reakirt + (Losaria Moore, stat. rev. + Cressida Swainson)); and the ‘birdwings® Trogonoptera
Rippon + (Troides Hiibner + Ornithoptera Boisduval). Pharmacophagus Haase, with its sole
species P antenor (Drury) from Madagascar, is retained as a subgenus of Pachliopta. The
suggestion that Pharmacophagus, Cressida and Ewrvades are relict taxa is rejected.

Introduction

Recent studies on the phylogeny and biogeography of troidine butterflies
have shown little agreement. For example, Hancock (1983, 1988), Miller
(1987) and Parsons (1996a, b) produced classifications which differed
markedly, particularly with regard to the placement of Atrophaneura Reakirt
and its allies. Until now, it has not been possible to reconcile these
differences. However, a recent study by Braby et al. (2005) has strongly
suggested that almost all previous phylogenies were based on a
misconception - that Cressida Swainson and Euryades C. & R. Felder were
sister genera. The suggestion by Braby et al. (2005) that this is not the case
enables several morphological characters, previously considered to be
homoplasious (e.g. the distinctive red abdomen seen in several genera,
including Cressida), to be reassessed and seen as potential synapomorphies.

Morphological relationships

Monophyly of the tribe Troidini and subtribes Battina and Troidina has been
recognised by most recent authors (e.g. Hancock 1983, Miller 1987, Braby et
al. 2005) and appears well established. Subtribe Battina contains the sole
genus Battus Scopoli, known only from North and South America. It is of
cither North American (Hancock 1983) or Gondwanan (Braby et al. 2005)
origin. Subtribe Troidina contains all the remaining genera in the tribe and is
of undoubted Gondwanan origin. Three distinct groups of genera are
recognisable on morphological grounds; these appear to be vicariant groups
originating in eastern, western and central Gondwana respectively. Genera in
this subtribe are united by numerous characters (Hancock 1983, Miller 1987),
including the presence of a basal seta on the subdorsal tubercles of the first
instar larva (Igarashi 1984) and red hairs on the head and thorax (and often
the abdomen) of the adult, a condition not seen elsewhere in the Papilionidae.
Larval food plants for the Troidini are all members of the family
Aristolochiaceac (Aristolochia, Pararistolochia, Thottea and Apama).
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Trogonoptera Rippon, Troides Hiibner and Ornithoptera Boisduval

Although disputed by Parsons (1996a, b), monophyly of this group of genera,
the ‘birdwings’, is well established. The relationship Trogonoptera +
(Troides + Ornithoptera) was suggested by Hancock (1983, 1991) and
supported by Miller (1987, as subordinate groups within Troides), Hancock
and Orr (1997) and Braby ef al. (2005). [Note that in Fig. 3 of Braby et al.
(2005), the names Troides and Troides (Ornithoptera) should be transposed].
The genera are restricted to the Indo-Australian region. They share the
following characters: abdomen without red hairs; juxta U-shaped:
pseuduncus generally long, apically pointed and with a basal suture
(secondarily reduced in Trogonoptera); acdeagus short; bursa large with
membranous ductus bursae and well developed appendix bursae; signum
comprised of concentric folds (all characters similar to those seen in Battus).
Defining characters were noted by Hancock (1983) and Miller (1987).

Parides Hiibner and Euryades C. & R. Felder

Although their evidence was not well supported, Braby er al. (2005)
suggested that these two genera were sister groups. Significantly, they found
no evidence of a relationship between Euryades and Cressida. The genera
occur in Central and/or South America and share the following characters:
abdomen with red hairs, especially posteroventrally; juxta Y-shaped with
narrow anterolateral expansions; pseuduncus long, apically pointed and with
a basal suture; aedeagus short; female bursa with membranous ductus bursae
and no appendix bursae. Larvae with spinose setac on subdorsal tubercles
retained beyond the first instar [absent in other groups and Battus] (Parsons
1996a). In Parides the valvae are entire, the acdeagus broad, the bursa large
and the signum broadly C-shaped and transverse. In Euryades the valvac are
reduced, the aedeagus narrow, the juxta with long apodemes, the ovipositor
lobes melanised, the bursa small and the signum absent.

Atrophaneura Reakirt and allies

Monophyly of this group has not been recognised previously. Four Indo-
Australian genera and one Madagascan subgenus are included. All have
extensive red hairs and scales on the abdomen, much better developed than in
Parides and Euryades. The female bursa has no appendix bursae and the
signum, when present, is neither broadly C-shaped nor formed of concentric
folds. The first instar larva has the sclerotised, setose apex of the tubercles
rounded and dome-like [pinnacle or pagoda-like in other groups] and the
pupa has the head short and truncate in lateral view [distinctly produced
anterolaterally in other groups and Battus] (Igarashi 1984, Parsons 1996a).

Atrophaneura

This is an eastern and southeast Asian genus of some 27 species referred to
the latreillei and nox groups by Hancock (1980, 1988). Miller (1987)
regarded these two groups as subgenera included in an unresolved trichotomy
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with Parides. It differs from other genera in the group by the retention of a
well developed scent organ on the male hind wing, a distinct, apically pointed
pseuduncus with a basal suture, a short, broad aedeagus, and a large bursa
with membranous ductus bursae. The juxta appears to be a modification of
the Y-shape, while the signum is longitudinal, expanded anteriorly and
narrowly tapered posteriorly. On the hind wing the tail is broadly spatulate
(latreillei group) or absent (nox group) and white areas, when present, at
most weakly enter the discal cell. The valvae are entire or weakly emarginate.
Larva with a distinct supraspiracular tubercle on first abdominal segment and
pupa with distinct, apically pointed subdorsal projections on abdominal
segments 2-10 and a broad lateral flange on segment 4 (Igarashi 1984).

Losaria Moore, Cressida Swainson and Pachliopta Reakirt

These genera differ from Atrophaneura in the reduction of the scent organ
and shortened vein 1A+2A on the hind wing, elongate and narrow aedeagus,
and sclerotised posterior part of the ductus bursae [not evident in Cressidal.
They occur primarily in the Indo-Australian region, with a single species in
Madagascar. The tegumen and socni are frequently enlarged and the valvae
are usually reduced. Larva with supraspiracular tubercle on first abdominal
segment usually absent and pupa with apically rounded or truncate subdorsal
projections on abdominal segments 4-7 (and very weakly on segment 8) and
with lateral flange on segment 4 present or absent.

Losaria

This 1s a Southeast Asian genus of four species referred to the coon group by
Hancock (1983, 1988). An affimity with Pachliopta was recognised by
[garashi (1984), Hancock (1988) and Miller (1987), who placed it either as a
subgenus of the latter (Miller 1987) or as a synonym of it. Because of its
apparent sister-group relationship with Cressida, it is here raised to generic
status (stat. rev.), characterised by the elongate forewing discal cell, deeply
indented margin to cell Cu of the male hind wing, strongly petiolate and club-
shaped tail, posteriorly downcurved abdomen, Y-shaped juxta with broad
anterolateral expansions, often reduced but apically acute pseuduncus with a
basal suture, reduced valvae, and large bursa with a small, round signum. A
sphragis is present in one species and in two the ‘red’ abdominal markings
are yellow. When the hind wing has a white area that crosses the discal cell,
the apex of the cell is black. Larva with supraspiracular tubercle on first
abdominal scgment absent (Igarashi 1984) and subdorsal tubercles on
abdominal segments 2 and 3 conspicuously reduced (Weintraub 1995). Pupa
with subdorsal projections large and lateral flange present (Igarashi 1984).
Cressida

This is a monotypic Australian genus previously placed with Euryades. It
differs from related genera in the absence of a tail, large precostal hindwing
cell, vestigial bursa and lack of a signum. It shares with Losaria the elongate
forewing discal cell, deeply indented margin to cell Cu of the male hind
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wing, black apex of the hindwing discal cell, posteriorly downcurved
abdomen, presence of a Y-shaped juxta with broad anterolateral expansions,
apically pointed pseuduncus with a basal suture, and similarly reduced
valvae. With both Euryades and L. palu (Martin) it shares a well-developed
sphragis but these appear to be independently acquired and not homologous
(Orr 1988, 1995). Larva with supraspiracular tubercle on first abdominal
segment absent and all other tubercles reduced; pupa with head truncated in
lateral view, subdorsal projections small and lateral flange absent (Igarashi
1984). The male valvae also resemble those of Euryades but other characters
of Euryades [including the socii, pinnacle-like apex of the first instar larval
tubercles and anterior projection of the pupal head in lateral view (Miller
1987, Parsons 1996a)] more closely resemble those of Parides than those of
Cressida. The distinctively red abdomen, dome-like apex of the first instar
larval tubercles and truncated pupa in Cressida provide the best evidence of
the affinity of this genus with others in the Atrophaneura complex.

Pachliopta

This genus contains 13 species in the Indo-Australian region and one in
Madagascar. They were referred to the polydorus, hector and antenor groups
by Hancock (1988). The genus is characterised by the spatulate tail [reduced
in P. polydorus (Linnaeus)], T-shaped juxta, short, blunt pseuduncus with
basal suture absent (at least medially), valvae either entire or vestigial, and
large bursa with an elongate signum of uniform width. When the hind wing
has a white area that crosses the discal cell, the apex of the cell is also white.
Larva with subdorsal tubercles not conspicuously reduced. Two subgencra
are recognised: Pachliopta Reakirt and Pharmacophagus Haase. In both the
pupa is strongly S-shaped in lateral view and has the lateral flange on
abdominal segment 4 present; the anal segments and cremaster, viewed
ventrally, are also very similar (Igarashi 1984, Parsons 1996¢).

Subgenus Pachliopta

This subgenus contains all the Indo-Australian species. Braby et al. (2005)
noted that P. hector (Linnaeus) was more closely related to species in the
polydorus group than to P. antenor, with which it was associated by Hancock
(1988). This is supported by the wide separation between tergite 8 and the
hypertrophied tegumen and socii, and by the vestigial valvae (see Miller
1987); thus P. hector is here subsumed into the polydorus group. Larva with
the supraspiracular tubercle on the first abdominal segment reduced to a spot
in P. hector (Woodhouse and Henry 1942), absent in other species
(Woodhouse and Henry 1942, Igarashi 1984). Pupa with subdorsal
projections large and lateral flange well developed (Igarashi 1984).

Subgenus Pharmacophagus

The sole species [P. antenor (Drury)] occurs in Madagascar. It differs from
subgenus Pachliopta in the presence of normal (not vestigial) valvae, a well
developed supraspiracular tubercle on the first abdominal segment and
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reduced subdorsal tubercles on abdominal segments 3 and 4 of the larva, and
small subdorsal projections and lateral flange on the pupa (Parsons 1996a, c).
The tail 1s relatively narrow, similar to that of P. hector. Often regarded as a
distinct genus, the form of the juxta, pseuduncus and signum, and the
presence of blue-green hindwing scales in a rare form of P. hector
(Woodhouse and Henry 1942), support a close relationship with Pachliopta.
[t was regarded as a subgenus of the latter by Hancock (1993).

Discussion

Pharmacophagus was regarded as a distinct genus by Igarashi (1984), Miller
(1987), Parsons (1996a, b, ¢) and Braby et al. (2005). Igarashi (1984)
considered it to be ‘closely related to Pachliopta but highly specialised’.
Miller (1987) placed it at the base of the subtribe, i.e. as the most primitive
genus. However, he identified only one character that unambiguously
separated it from Pachliopta - the 3-segmented palpi with a ‘basal fleck’
present. All other genera in the Troidina have 2-segmented palpi [which
appear to have formed by fusion of segments 1 and 2: see illustrations in
Miller 1987] and no ‘basal fleck’. Hancock (1989) suggested that the 3-
segmented palpi of P. antenor resulted from a secondary loss of this fusion
(character reversal) and that the ‘basal fleck’ was also secondarily acquired,
with neither homologous to the condition seen in Bartus. Its placement as
sister genus to Ornithoptera (Parsons 1996a, b) was disputed by both
Hancock and Orr (1997) and Braby et al. (2005) and is not sustainable.

In their molecular study, Braby et al. (2005) also regarded Pharmacophagus
as basal to all other genera in the subtribe. However, only one of the three
genes studied (EF-1a) supported that arrangement. The NDJ5 gene produced a
trichotomy of (i) Pharmacophagus, (i1) Cressida, and (iii) all other genera,
whereas the COI-COII gene produced an unresolved polytomy of all genera
plus Battus. Their combined analysis also produced a clade with
Pharmacophagus at its base, but the placement of Papilio Linnaeus as sister
to the Parnassiinae in the combined clade, and the placement of the
Baroniinae and Parnassiinae between Graphium Scopoli and the Troidini (or
Papilio + Troidini) in all of them, suggest that the use of these genes in
resolving higher-level groupings requires considerable caution. Unreliability
of the ND3 gene at higher levels was also noted by Braby et al. (2005).

At lower taxonomic levels, recognition of the generic groupings Parides +
Euryades, [Trogonoptera +) Ornithoptera + Troides, and Atrophaneura +
Pachliopta (including Losaria) by Braby et al. (2005) appears to be well
founded, although they were unable to effectively place the seemingly
isolated genera Pharmacophagus and Cressida. Resolution in these cases is
best done using morphological characters that, although subject to various
interpretations,  strongly suggest a sister-group relationship between
Pharmacophagus and Pachliopita in the first case and between Cressida and
Losaria in the other.
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An Indo-Australian plus Madagascan pattern of distribution, as shown by
subgenera Pachliopta and Pharmacophagus, also occurs in pitcher plants
(Nepenthes: Nepenthaceae) (Heywood 1978) and the fruit fly genus Dacus
Fabricius (Diptera: Tephritidae), where the largely Indo-Australian subgenus
Neodacus Perkins is represented in Madagascar by the relatively primitive
xanthaspis group (Hancock and Drew 2006, White 2006). Furthermore, the
largely Indo-Australian butterfly genus Euploea Fabricius (Nymphalidae)
[and which, like Pachliopta hector, 1s known to be migratory] is represented
in the Malagasy region by apparently unrelated endemic species in the
Mascarenes and Seychelles, but not in Africa or Madagascar (Holloway and
Nielsen 1999). Under the above classification, there is no need to invoke an
ancient (pre break-up Gondwana) origin for P. antenor, which appears to
have differentiated much more recently. Its only confirmed food plant,
Aristolochia acuminata (= A. indica; = A. tagala) [also utilised by P. hector,
P. polydorus and P. aristolochiae (Fabricius)], is widespread throughout the
[ndo-Australian region (Sands 2002) and is the only Aristolochia species
known from Madagascar (Parsons 1996¢). Ar. acuminata is also likely to be a
relatively recent arrival from India and there is no evidence that a suitable
host existed in Madagascar [or in Africa] prior to its arrival,

The association of Cressida with Losaria suggests it is not the Gondwanan
relict previously believed but a relatively recent arrival to Australia from a
Southeast Asian, Losaria-like ancestor. As in the case of Pharmacophagus,
its dispersal as a small founder population into a new environment might
have accentuated its genetic differentiation. In both cases, the modified pupa
is likely to reflect a need for crypsis rather than an ancestral state. The
various specialisations seen in Euryades suggest that it, too, is of relatively
recent derivation. Sphragis development in Cressida, Euryades and Losaria
palu appears to reflect their dispersal into open habitats, as has been
demonstrated in the nymphalid genus Acraea Fabricius (Orr 1988).

Phylogenetic relationships of the genera and subgenera, as proposed here, are
shown in Fig. 1.

Biogeography

Based on the above morphological evidence, the following biogeographical
scenario for the subtribe Troidina is proposed. [For dating see Braby ef al.
2005 and references therein]. During the continental drifting phase following
the break-up of Gondwana, the three main lincages within the subtribe
Troidina (Fig. 1) appear to have been confined to the Southeast Asian (or
Australian), South American and Greater Indian plates respectively.
Assuming Africa had already separated, this dates the fragmentation of the
ancestral population at ca 90-80 Mya [84-80 Mya if Madagascar is also
excluded]. The present restriction of both Parides and Euryades to Central
and/or South America strongly supports the suggestion that these two genera
now represent the western lineage of the original Gondwanan ancestor.
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Subtribe BATTINA

Battus
Subtribe TROIDINA
(Eastern lineage)
Trogonoptera
== Troides

—— Ornithoptera

(Western lineage)
— Parides

—— Euryades
(Central lineage)

Atrophaneura

— Losaria

L Cressida

Pachliopta
(Pachliopta)

Pachliopta
(Pharmacophagus)

Fig. 1. Suggested phylogenetic relationships of the genera and subgenera of tribe
Troidini. See text for discussion of defining character states.
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Similarly, the present distributions of Trogonoptera, Ornithoptera and
Troides support the suggestion that they represent the castern lineage of the
Gondwanan ancestor. It remains unclear whether the lincage radiated directly
from the Southeast Asian (Sundaland) block (sce Hancock 1988) into the
Papuan subregion via Wallacea [twice, first as Ornithoptera via a Sulawesian
Troides ancestor similar to T. hypolitus (Cramer) then, more recently, as
Troides oblongomaculatus (Goeze)], or (see Braby et al. 2005) from
Australia into southeast Asia [Trogonoptera and Troides, leaving
Ornithoptera in Australia] and, in the case of 7. oblongomaculatus, back
again [with subsequent extinction of the Trogonoptera and Troides ancestors
in Australia]. The former scenario does not require extinctions and seems the
more likely. Based on molecular dating, Braby et al. (2005) suggested that
the Ornithoptera-Troides split occurred around 42 + 8 Mya but this is
doubtful and the split is likely to be significantly younger. The Southcast
Asian and Australian plates did not make contact until 25 Mya (Braby et al.
2005) and whether suitable host plants reached Australia prior to the break-up
of Gondwana, or only after contact with Southeast Asia, is uncertain.

Biogeography of the central lineage, the red-bodied Amrophaneura and its
allies, is more complex. Due to the reassessment of genera such as
Pharmacophagus, Losaria and Cressida, the scenario proposed here differs
in some details from those suggested by Hancock (1988) and Braby er al.
(2005). This lineage appears to have been associated with the Indian plate as
it broke free from the rest of Gondwana (ca 80 Mya), dispersing into Asia as
Atrophaneura [with increased pupal projections] once contact with it was
possible (50-45 Mya). An ability to utilise Thottea and Apama as host plants
might have assisted this dispersal. The suggestion of an Indian origin is
supported by the presence of the relatively unspecialised latreillei group in
castern Asia, which subsequently appears to have dispersed into Southeast
Asia as the more specialised nox group (Hancock 1988).

A second dispersal of the Indian ancestor, now differentiated into a
Pachliopta-like taxon following major climatic, tectonic and environmental
changes within the subcontinent, appears to have brought a Losaria-like
ancestor into Southeast Asia - Sundaland. This dispersal, and that of the nox
group, possibly accompanied the southward spread of Thottea and Apama
following contact between the Sundaland block and the rest of Asia.
Subsequent dispersal and differentiation has brought Cressida to Australia,
Timor to Tanimbar Is and southern Papua New Guinea, and Pachliopta
(Pharmacophagus) to Madagascar, leaving Losaria in southeast Asia and
subgenus Pachliopta (as P. hector) in India. Dispersal to Madagascar
possibly took place via the Laccadive-Maldive-Chagos archipelago during a
period of lowered sea level. Unlike the condition in Losaria and Cressida,
none of the distinguishing characters of Pharmacophagus appear to be
distinctive enough to recognise it at generic level; most are homoplasious.
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A second major radiation within subgenus Pachliopta then appears to have
occurred, dispersing again (as the polydorus group minus P. hector) to
Southeast Asia - Sundaland and leaving P. hector in India. In these species
the wing pattern appears to mimic that of Losaria, supporting the suggestion
that they radiated first to southeast Asia and from there back to India and Sri
Lanka (twice, first as P. pandiyana (Moore) + P. jophon (Gray), then more
recently as P. aristolochiae). Subsequent radiations within southeast Asia
appear to have resulted in the differentiation of: (1), P. mariae (Semper), P.
polyphontes (Boisduval) and P. oreon (Doherty) + P. liris (Godart) in the
Philippines, Sulawesi and northern Moluccas, and the Lesser Sunda Islands +
Timor and neighbouring islands, respectively; (2), the elongate-tailed and
largely allopatric P. schadenbergi (Semper), P. leytensis Muruyama [=
phegeus (Hopffer)], P. phlegon (C. & R. Felder) [= annae (C. & R. Felder)]
and P. atropos (Staudinger) in the Philippines; and (3), P. polydorus from the
Moluccas to Australia and the Solomon Islands, leaving the widespread P.

aristolochiae in much of south and southeast Asia, including Sundaland,
Sulawesi and the Philippines.

The centre of origin of the tribe Troidini remains unresolved. Braby et al.
(2005) objected to the suggestion of a North American origin (Hancock
1983) on the grounds that it ‘does not explain the absence of the Troidini in
Europe and Africa’. However, such absence might merely reflect a lack of
suitable host plants or habitat, either now or in the past, or the tribe’s failure
to disperse there. Within the Troidina the red abdominal hairs, shape of the
juxta and loss of the appendix bursae suggest that the Atrophaneura group is
more closely related to Parides + Euryades than to the Troides group and that
the latter is the most primitive. If so, then Battus (subtribe Battina) likely is of
South American origin, with subtribe Troidina evolving in eastern Gondwana
and subsequently dispersing back to South America as the ancestor of
Parides + Euryades. Any original North American ancestor, if such existed,
presumably become extinct due to subsequent climatic changes (ice ages)
and/or competition from reinvading Batfus.

Acknowledgement

[ thank Bert Orr for helpful comments on the manuscript.

References

BRABY, M.F., TRUEMAN, J.W.H. and EASTWOOD, R. 2005. When and where did troidine
butterflies (Lepidoptera: Papilionidae) evolve? Phylogenetic and biogeographical evidence
suggests an origin in remnant Gondwana in the Late Cretaceous. Invertebrate Systematics 19:
113-143.

HANCOCK, D.L. 1980. The status of the genera Atrophancura Reakirt and Pachliopta Reakirt
(Lepidoptera: Papilionidae). Australian Entomological Magazine 7(2): 27-32.

HANCOCK, D.L. 1983. Classification of the Papilionidae (Lepidoptera): a phylogenetic
approach. Smithersia 2: 1-48.

HANCOCK, D.L. 1988. A revised classification of the genus Atrophaneura Reakirt
(Lepidoptera: Papilionidae). Australian Entomological Magazine 15(1): 7-16.



42 Australian Entomologist, 2007, 34 (2)

HANCOCK, D.L. 1989. The relationships of Meandrusa Moore. Papilio International 6: 460-
470.

HANCOCK, D.L. 1991. Notes on the phylogeny and biogeography of Ornithoptera Boisduval
(Lepidoptera: Papilionidae). v to Ga 42(1): 17-36.

HANCOCK, D.L. 1993. Origins and evolution of the Afrotropical Papilionidae (Lepidoptera).
Arnoldia Zimbabwe 9(40): 557-583.

HANCOCK, D.L. and DREW, R.A.L. 2000. A revised classification of subgenera and species
groups in Dacus Fabricius (Diptera, Tephritidae). Pp 167-205, in: Merz, B. (ed.), Phylogeny,
taxonomy, and biology of tephritoid flies (Diptera, Tephritoidea). Instrumenta Biodiversitatis
Vol. VII. Natural History Museum, Geneva; 274 pp.

HANCOCK, D.L. and ORR, A.G. 1997. Ornithoptera euphorion (Gray) (Lepidoptera:
Papilionidae): species or subspecies? Australian Entomologist 24(4): 165-168.

HEYWOOD, V.H. (ed.). 1978. Flowering plants of the world. Oxford University Press, Oxford;
336 pp.

HOLLOWAY, J.D. and NIELSEN, E.S. 1999. Biogeography of the Lepidoptera. Pp 423-462,
in: Kristensen, N.P. (ed.), Lepidoptera, moths and butterflies. Vol. 1: Evolution, systematics, and
biogeography. Handbook of Zoology, Vol. IV, Part 35. De Gruyter, Berlin; 491 pp.

IGARASHI, S. 1984. The classification of the Papilionidae mainly based on the morphology of
their immature stages. 7vo to Ga 34(2): 41-96.

MILLER, J.S. 1987. Phylogenetic studies in the Papilioninae (Lepidoptera: Papilionidae).
Bulletin of the American Museum of Natural History 186(4): 365-512.

ORR, A.G. 1988. Mate conflict and the evolution of the sphragis in butterflies. PhD thesis,
Griffith University, Brisbane.

ORR, A.G. 1995. The evolution of the sphragis in the Papilionidae and other butterflies. Pp 155-
164, in: Scriber, J.M., Tsubaki, Y. and Lederhouse, R.C. (eds), Swallowtail butterflies: their
ecology and evolutionary biology. Scientific Publishers, Gainesville.

PARSONS, M.J. 1996a. Gondwanan evolution of the troidine swallowtails (Lepidoptera:
Papilionidae: Troidini): cladistic reappraisals using mainly immature stage characters, with focus
on the birdwings Ornithoptera Boisduval. Bulletin of the Kitakyushu Museum of Natural History
15:43-118.

PARSONS, M.J. 1996b. A phylogenetic reappraisal of the birdwing genus Ormithoptera
(Lepidoptera: Papilionidae: Troidini) and a new theory of its evolution in relation to Gondwanan
vicariance biogeography. Journal of Natural History 30: 1707-1736.

PARSONS, M.J. 1996c. The immature stages of Pharmacophagus antenor (Drury)
(Papilionidae: Troidini) from Madagascar. Journal of the Lepidopterists ' Society 50(4): 337-344.
SANDS, D. 2002. The food plants of the birdwing larvae. Pp 14-17, in Sands, D. and Scott, S.
(eds), Conservation of birdwing butterflies. SciComEd and THECA, Brisbane; 48 pp.
WEINTRAUB, 1.D. 1995. Host plant association patterns and phylogeny in the tribe Troidini
(Lepidoptera: Papilionidae). Pp 251-252 [figs], 307-316, in: Scriber, J.M., Tsubaki, Y. and
Lederhouse, R.C. (eds), Swallowtail butterflies: their ecology and evolutionary biology.
Scientific Publishers, Gainesville.

WHITE, LM. 2006. Taxonomy of the Dacina (Diptera: Tephritidae) of Africa and the Middle
East. African Entomology Memoir 2: [i-v], 1-156, cd-rom.

WOODHOUSE, L.G.O. and HENRY, G.M.R. 1942. The butterfly fauna of Ceylon. Ceylon
Journal of Science, Colombo; 172 pp.



ImEE BHL

Biodiversity Heritage Library

Hancock, D L. 2007. "Phylogeny of the Troidine butterflies (Lepidoptera:
Papilionidae) revisited: Are the red-bodied swallowtails monophyletic?" The
Australian Entomologist 34(2), 33-42.

View This Item Online: https://www.biodiversitylibrary.org/item/310349
Permalink: https://www.biodiversitylibrary.ora/partpdf/344057

Holding Institution
Entomological Society of Queensland

Sponsored by
Atlas of Living Australia

Copyright & Reuse

Copyright Status: In copyright. Digitized with the permission of the rights holder.
Rights Holder: Entomological Society of Queensland

License: http://creativecommons.org/licenses/by-nc-sa/4.0/

Rights: http://biodiversitylibrary.org/permissions

This document was created from content at the Biodiversity Heritage Library, the world's
largest open access digital library for biodiversity literature and archives. Visit BHL at
https://www.biodiversitylibrary.org.

This file was generated 13 November 2023 at 03:52 UTC


https://www.biodiversitylibrary.org/item/310349
https://www.biodiversitylibrary.org/partpdf/344057
http://creativecommons.org/licenses/by-nc-sa/4.0/
http://biodiversitylibrary.org/permissions
https://www.biodiversitylibrary.org

