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All species and subspecies of butterflies recorded from Sulawesi and neighbouring islands (the Sulawesi
Region) are listed. Notes are added on their general distribution and hostplants. References are given to
key works dealing with particular genera or higher taxa, and to descriptions and illustrations of early
stages. As a first step to help with identification, coloured pictures are given of exemplar adults of
almost all genera. General information is given on geological and ecological features of the area. Combi-
ned with the distributional information in the list and the little phylogenetic information available, ende-
micity, links with surrounding areas and the evolution of the butterfly fauna are discussed.
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Introduction

This paper presents an annotated checklist of the butterflies (Lepidoptera: Rho-
palocera) of the Sulawesi Region (see below), and was originally conceived in connec-
tion with the 1985 Royal Entomological Society of London Memorial Expedition Pro-
ject Wallace to Dumoga-Bone National Park, Sulawesi Utara. During this international
expedition, which extended over a full year, many members committed their field
notes on butterflies to large notebooks. These books, based on an illustrated version of
the original draft list that was made to aid field identifications, are deposited in The

1 Project Wallace Contribution 154.
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Natural History Museum, London, and form an as yet largely untapped source of bio-
logical information. The information included in the present checklist is based primar-
ily on publications, personal experience and unpublished information received from
various colleagues. Museum collections have been checked only in cases of uncertain-
ty of identification, and the distributional information contained in collections has
only been used to a limited extent. The following abbreviations have been used:
BMNH - The Natural History Museum, London, ZSBS — Zoologische Sammlung des
Bayerischen Staates, Miinchen; other museums have been printed in full. The main
purpose of this checklist is to make the butterfly fauna of Sulawesi more accessible, so
that future students can more easily fill in the gaps. We remain hopeful that this work
will also form the starting point for production of a much-needed field-guide. Such a
guide would give an opportunity to include information from the Project Wallace field
notes.

Since the work on this checklist started, numerous publications have appeared that
directly or indirectly relate to the butterfly fauna of Sulawesi. We have tried to include
them all, but inevitably we will have missed some. Additions are most welcome. Also, the
classification to be adopted has had our special attention. There are widely different
classifications in use. For instance, the number of butterfly families recognised ranges
from five in Papilionoidea and Hesperioidea together (as in Ackery et al., 1999) to four-
teen in Papilionoidea only (as in d”Abrera, 2001). Little or no rational explanation can be
offered for such inconsistency, other than personal whim. We consider this an undesir-
able situation. If we do not take ourselves seriously, why should politicians and other
decision-makers do so? We are therefore strong supporters of the idea of an authorita-
tive standardized classification (e.g. Vane-Wright, in press b) — although we would not
agree with all of the proposals made by Godfray (2002). In this checklist we have fol-
lowed the as yet unpublished higher classification of the Global Butterfly Information
System (GloBIS: Lamas et al., 2000). GloBIS will eventually provide an updateable stan-
dard list world-wide, to be made available through the internet (Lamas ef al., in prep.).
The current GloBIS higher classification is largely based on Ackery et al. (1999), the latest
comprehensive publication on the higher classification of butterflies, but also takes into
account a number of more recent works (e.g. Brower, 2000; Freitas & Brown, submitted).
Vernacular names in English have also been included. These are taken from a variety
of sources (e.g. Evans, Corbet & Pendlebury), and a few new ones have been coined
(e.g. Jordan’s Mormon for Papilio jordani, and Bedford-Russell’s Idea for Idea tambu-
sisiana). Lower case is used for common names applied to whole groups or genera
(e.g. awls), but the names are capitalised when they refer to a single species (e.g. Com-
mon Awl). Plant names largely follow Robinson et al. (2001).

The peculiar fauna of Sulawesi has attracted the attention of many collectors and
biogeographers, and continues to do so (e.g. Holloway, 2003). For a better under-
standing of the distribution and evolution of the fauna, exact knowledge of the distri-
bution of the species, their ecological requirements and phylogenetic relationships,
together with the geological history of the region, are all indispensable. We have used
available sources to assess the general distribution of the species. It would have been
beyond the scope of this paper to give exact localities on the island. We have restricted
ourselves to general indications like N, W, etc., as approximate estimations of the
known distributions across Sulawesi, and as a means to check whether the various
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“arms” (peninsulas) of the island have faunas of their own. Although we have a gen-
eral idea of the ecological requirements of most species, such as “restricted to under-
storey of primary forest”, “only above 1500 m”, or “open shrubs”, our knowledge is
still too fragmentary to allow a correlation between ecological requirements and dis-
tribution. As a first step to a better understanding of ecological requirements we have
listed foodplants as far as known at present, and we give (but not exhaustively) litera-
ture references to published figures and descriptions of early stages (with these food-
plants and early stages usually being based on material from outside Sulawesi; data
are thus available for only a few of the endemic species).

Interest in the butterflies of SE Asia has been mainly descriptive: distributional
data, faunal surveys, description of early stages and new taxa. These studies have
brought a wealth of information. Little attention has, however, been given to phyloge-
netic systematics. This is disappointing, since the evaluation of phylogenetic relation-
ships gives a relative time frame for historical events. We have tried to assemble all
relevant information.

In recent years much progress has been made in reconstructing the complicated
geological history of the island. On the basis of recent geological information, the dis-
tributional information contained in the present checklist and, where available, phylo-
genetic analyses, our current understanding of the biogeography of the butterflies of
Sulawesi is reviewed.
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Fig. 1. Sulawesi lies at the heart of the Malayan Archipelago. The pecked line encloses the Sulawesi
Region, the area covered in this publication.

Sulawesi and its place in the Malay Archipelago

Topography

Sulawesi, eleventh largest island in the world, lies almost literally at the heart of
the great Malay Archipelago (fig. 1). Immediately to its west is Borneo, the world’s
third largest island, four times the area of Sulawesi, the two being divided by about
120 km of open sea at the northern end of the Makassar Strait. To the north is Min-
danao, main island of the southern Philippines, a little over half the area of Sulawesi.
Although the two are separated by 400 km of the eastern Celebes Sea, an oceanic ridge
with scattered islands lies between. Notably, the Sangihe Archipelago occurs at the
half way point, and the largest uninterrupted sea gap in this whole chain is about 80
km (although many of the intermediate islands are very small). Some 700 km to the
east is New Guinea, largest tropical island in the world, well over four times Sulawesi
in area. Almost filling the Moluccan and Seram seas between the two, however, are
the extensive islands of northern and central Maluku (the “Moluccas”), as well as the
Banggai and Sula archipelagoes which together extend over 300 km to the east from
Sulawesi. As a result the largest uninterrupted sea gap between Sulawesi and New
Guinea is no more than 120 km. Approximately 600 km to the south-west lies Java,
two-thirds the size of Sulawesi and fifth largest island in the Archipelago. The unin-
terrupted distance between southern Sulawesi and eastern Java is probably no more
than 110 km, by way of the substantial Lesser Sunda islands of Flores, Sumbawa,
Lombok and Bali, and the many smaller islands of the Flores Sea.
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Fig. 2. The Sulawesi Region. All names of islands of this region mentioned in this publication can be
found here, with the spelling adopted (mainly after Whitten et al., 2002). The thick lines are the
approximate boundaries of the areas used here; they do not coincide with provincial boundaries.

The Sulawesi Region
In addition to the main island of Sulawesi, the Sulawesi Region (sensu Vane-

Wright, 1991) covers the Sangihe and Talaud archipelagoes to the north, the Banggai
and Sula archipelagoes to the east, Buton and nearby islands, and the Tukangbesi
archipelago to the south east, and islands to the south including Salayar and Kalao
(fig. 2)2. This is essentially the region described by Whitten et al. (1987, 2002), except
that Kep. Sula is politically part of Maluku province.

2 In the rest of the paper we shall use the Indonesian word kepulauan for archipelago, abbreviated to Kep.
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Outline of present-day ecology

A detailed treatment of the ecology of Sulawesi, with extensive literature referen-
ces, is presented by Whitten et al. (1987, 2002). For the present purpose we are mainly
interested in surface relief, climate and vegetation.

Sulawesi is a mountainous island, reaching its highest point in the Latimojong
Mountains (Gunung Rantemario, 3440 m) in southern Torajaland (northern part of the
southwest arm), with a number of other peaks over 3000 m in C Sulawesi. Going
north, east and south the mountains are generally lower, but in the extreme south of
the southwest arm Gunung Lompobatang still reaches 2871 m, and peaks of over 2000
m are also found in the other arms. There are 10 volcanoes, mainly in the northeast tip
of the north arm and in the Sangihe Archipelago that have erupted in historical time.
In addition there are a number of mountains with volcanic activity, like fumaroles.
Extensive land below 1000 m is mainly found in the various arms and less so in the
central part of the island.

Rainfall is not evenly distributed over the island. In November-December cool
northwesterly winds bring moisture to the west coast, but the central part of this coast
is sheltered from these winds by Borneo. Around February humid winds blow from
the southeast. The eastern part of Sulawesi receives most rain between April and June.
When Australia cools down (winter) the southeasterly winds become stronger and
dryer, particularly influencing the climate on the southern tips, where the dry season
may last from April until November.

The general rainfall scheme is locally modified by mountain ranges. While Maros,
on the west side of the southwest arm, receives over 500 mm per month during the
rainy season, towns on the other side of the peninsula are in the rain shadow and
receive little. The effect of mountains is even more strongly expressed in the Palu Val-
ley, sheltered as it is by north-south mountain ridges. While the surroundings receive
2500-3000 mm rain per year (and the mountains even more), the Palu valley has an
annual rainfall of less than 600 mm.

In addition to altitude and climate, exposure, soil chemistry, soil quality and struc-
ture are important factors affecting the vegetation. Much of the eastern and southeas-
tern arms consist of ultramafic and mafic rocks, with Neogene and Quaternary sedi-
ments in large parts of the southeastern arm (and on the islands of Muna and Buton).
There is continental basement in the Banggai-Sula block and the opposite part of the
eastern arm, largely covered with carbonates. Much of the western part of the island
and the northern arm consists of Cenozoic volcanics and volcaniclastics, interspersed
with Tertiary sediments. Extensive areas of Quaternary sediments are found in the
central part of the southwestern arm, and along the west coast northwards. Tertiary
carbonates, once covered by volcanics, but exposed again due to erosion of the volca-
nic upper layer, are mainly found in the southern half of the southwestern arm and
locally in the northern part of the southwestern arm. One such area, east of Maros
(north of Makassar, for many years known as Ujung Pandang), is famous among col-
lectors for the numerous butterflies found along the river (fig. 5). Near the village of
Bantimurung the river empties from the Eocene and Miocene coral limestone hills
onto the plains. The locality is not only attractive to butterflies, it is also a popular
weekend resort for the people of Makassar who seek cooling in the river under the
waterfall. The waterfall is part of a nature reserve.
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Fig. 3. Lowland forest along the Sungai Tumpah, Dumoga-Bone National Park, Sulawesi Utara, near
Project Wallace Base Camp, 225 m, 25th April 1985.

Fig. 4. Appias zarinda (left) and four species of Graphium (androcles, rhesus, eurypylus, anthedon) along
Sungai Tumpah, 225 m, Dumoga-Bone National Park, Sulawesi Utara, near Project Wallace Base
Camp, 10th May 1985.
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Outline of present-day vegetation

The island must once have been almost entirely covered with lowland and monta-
ne primary rain forest, varying in composition according to soil type and variation in
rainfall (figs 3, 6-9). Forests on limestone mainly occur in the southwest and southeast
arms. Forests on ultrabasic soils are mainly found in the northern part of the southeast
arm. Much of central Sulawesi and the northern part of the southwest arm, stretches
in the north arm, and mountain ridges elsewhere, are clad in montane forest (figs 6-9).
In the southern part of the southeast arm, where the climate is more pronouncedly
seasonal, lowland monsoon forest occurs. Much of the lowland forest, particularly in
areas with high population pressure like the southwest arm, the southern part of the
southeast arm and the tip of the north arm, is disturbed, degraded, or completely
gone. The disturbance may go quite high into the mountains. Around West Toraja, for
instance, hardly any forest is left up to 1600 m (fig. 8). A number of rather extensive
forest areas are protected, like Dumoga-Bone in the north arm (the main site of Project
Wallace; fig. 3), Lore Lindu in the central part, and Morowali at the base of the eastern
arm (see Collins et al., 1991: map 19.5).

Although not contributing much to the butterfly fauna, large stretches of inland
swamp must be mentioned. They are mainly found near the west coast of Central
Sulawesi, and in the north and the south of the southeast arm. The last area, the
Aopa swamp, about 100 km west of Kendari, is the only major area of peat swamp
in Sulawesi. It forms part of the Rawa Aopa-Watumohae National Park. Another
type of vegetation that does not contribute much to the butterfly fauna is mangrove
(although populations of the very variable species Danaus affinis should be sought
there). Most mangrove is found along the northern part of the Bone Bay (between
the southwest and southeast arms) and along the coast of the southeast arm. Most of
the west and north coast of Sulawesi is devoid of mangrove vegetation.

Outline of geological evolution

The region is of very great interest to geologists, and access to much of the older
geological literature, together with valuable accounts of current ideas on the geolo-
gical history of the area, can be found in Hall & Blundell (1996), Hall & Holloway
(1998) and Hall (2002). A good review of recent findings and conclusions with
regard to Sulawesi was presented by Moss & Wilson (1998). Sulawesi originated
from a number of tectonic provinces that during the Cretaceous and Tertiary accre-
ted onto Sundaland. The following areas will be discussed: west, central, and part of
southeast Sulawesi; east and part of southeast Sulawesi; north Sulawesi; south Sula-
wesi; Banggai-Sula block; Buton-Tukangbesi block. In addition, a few words will be
said on the evolution of the Moluccas and the Philippines, since these islands may
have played a part in the colonisation of Sulawesi (cf. Mey, 2003).

By the late Cretaceous west Sulawesi had been accreted to Borneo and there was
continuous land. West, central, and parts of the SE arm of Sulawesi are thought to
have formed a contiguous land area during the early Paleogene, and at least west
Sulawesi, connected to Borneo, appears to have been emergent up to the early Eoce-
ne. In the middle of the Eocene, approximately 42 Ma, the land connection between
Borneo and Sulawesi was severed and the Makassar Strait formed. Much of the land
of proto-Sulawesi disappeared below sea-level, and only a number of small islands
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may have been in existence until the middle Miocene. There was, however, a volca-
nic arc, part of which may have been emergent, extending down the east side of
western Sulawesi into southern Java. Probably land areas became emergent in centr-
al Sulawesi as a result of the late Oligocene collision of the east and part of southeast
arm onto west Sulawesi. In late Miocene and Pliocene there were extensive low
lying land areas in west, central and east Sulawesi. Pliocene collisions and subduc-
tion east of Sulawesi resulted in uplift of extensive areas in Sulawesi, and rapid
uplift of high mountain areas, particularly in central Sulawesi.

The east arm and part of the southeast arm, drifting from the edge of the Austra-
lian plate, remained submerged until after they had accreted onto Sulawesi in late
Oligocene (ca 18 Ma). Since Miocene times (ca 20 Ma) there has been extensive low
lying stretches of emergent land.

The north arm is composed of thick Tertiary sedimentary and volcanic deposits.
There was a volcanic arc in Miocene and Pliocene, related to the south-dipping sub-
duction of the Celebes Sea oceanic crust under the north arm. Some of the volcanoes
may have been emergent. The Quaternary to Recent arc of active volcanoes running
from the eastern part of the north arm through the Sangihe Islands, is related to west-
dipping subduction under this area. During the early Pliocene most of the north arm
was submerged. Similarly, the south arm was below sea level for much of the Tertia-
ry, except for emergent volcanoes. Probably only in the Pliocene did the island areas
of the south arm become connected with the land area in central Sulawesi.

During the Miocene or earliest Pliocene two microcontinental blocks, Banggai-
Sula and Buton-Tukangbesi, accreted onto east Sulawesi, undoubtedly resulting in
the formation of emergent land areas. These blocks rifted from the margins of the
Australian continent in the late Mesozoic. After rifting they submerged and only
became emergent in the Tertiary. Consequently, no Australian fauna or flora could
have been rafted on these microcontinental blocks. On the other hand, the emergen-
ce of areas of dry land between Sulawesi and the steadily northwards-drifting Aus-
tralian continent may have facilitated island hopping.

Similarly, although there was no dry land between Sulawesi and the coast of
Australia-New Guinea before the Miocene emergence (Audley-Charles, 1986, 1993),
the emergence of (part of) the Moluccas must have made the distance between Sula-
wesi and New Guinea considerably shorter. Fortuin & de Smet (1991) estimate the
time of emergence of Seram at 5 Ma, and a similar figure may apply to other islands
of the Moluccas. Halmahera in the northern Moluccas, however, itself of composite
origin, has a very different history (for a summary, see Hall ef al., 1995). It was part
of an island arc that also comprised the east Philippine islands, as well as Waigeo,
Biak, Yapen and parts of present-day northern New Guinea. At 10 Ma Halmahera
still lay approximately 800 km southeast of its present position (Rangin et al., 1990).
Probably it was mainly submerged for much of its life. The younger, volcanic wes-
tern part and the much older (Cretaceous or older) eastern part collided only
between 3 and 1 Ma. The island reached its present position only recently and is still
moving westward. Thus it has never been closer to Sulawesi than nowadays, and
faunal exchange has never been so easy. However, there is still a relatively long
stretch of sea between the islands.

Not only the Philippine archipelago as a whole, but also several of its compo-
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Fig. 5. Gate to the Bantimurung waterfall, near Maros, Sulawesi Selatan, 50 m, 10th June 1985. In later
years the butterfly gate was replaced by a gate with a huge monkey, but the butterflies still abound
along the water.

Fig. 6. Lower montane forest in Dumoga-Bone National Park, Sulawesi Utara, Edward’s subcamp,
Project Wallace, 780 m, 30th April 1985.
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Fig. 7. View from top of Gunung Sampapolulu, 1590 m, Pulau Kabaena, Sulawesi Tenggara, 3rd
November 1989; monsoon forest and natural grassland.

Fig. 8. Practically all forest up to c. 1600 m has been cleared in West Toraja; vicinity of Mamasa, 1650
m, Sulawesi Selatan, 10th April 1991.
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nent islands (including Mindanao, the main Philippine island closest to Sulawesi)
are of a composite nature (Rammlmair, 1993; Hall, 1998). Much of the eastern
islands once belonged to an island arc of which Halmahera and, at an earlier stage,
the north arm of Sulawesi also formed parts. Although there must have been areas
of dry land (e.g. emergent volcanoes), their extent is unclear and it seems unlikely
that possible similarities between the faunas of Sulawesi, Halmahera and the Philip-
pines are due to their once having belonged to the same island arc. We are of the
opinion that butterfly exchange between Sulawesi and the Philippines has been lar-
gely dependent on the dispersive powers of the insects. Substantial exchange (which
may still be going on) only became possible in the Pliocene, when north Sulawesi
emerged from the sea and the Philippine islands reached their present position.

The repeated drop in sea level during the Pleistocene as a consequence of glacia-
tions in the northern hemisphere did not bring the Moluccas or the Philippines much
closer to Sulawesi, but the southeastern coast-line of Borneo extended considerably
eastward to Sulawesi. Even during the last 17000 years sea level was 100 m below pre-
sent level for about 4000 years (Voris, 2000), bringing Borneo within about 50 km from
Sulawesi. Based on distance alone faunal exchange between these islands cannot have
been more difficult than between Sulawesi and the Moluccas or the Philippines.

Biogeography of Sulawesi butterflies

Ever since Alfred Russel Wallace (in a letter to Henry Bates in 1858, and in a series
of later publications) proposed the idea of a line (the so-called Wallace Line, Huxley,
1868) dividing the Asian and Australian faunas, the region has been of exceptional
interest to biogeographers (for reviews, see Whitmore, 1981, 1987; Holloway, 1997;
Turner et al., 2001). Wallace’s views on the exact position of the line changed with
time, from between Borneo and Sulawesi (Celebes) to east of Sulawesi. This had to do
with the enigmatic nature of the fauna of Sulawesi. Later authors proposed still other
demarcation lines, depending on the group of animals studied. The easternmost of
these lines (Lydekker’s Line and part of Weber’s Line) followed the 180 m line of the
Sahul shelf between New Guinea and the Moluccas, while the original Wallace Line to
the west of Sulawesi more or less followed the 180 m line of the Sunda shelf. Debate
and discussion of these supposed lines continues to this day (e.g. Atkins ef al., 2001)
but, as Williams ef al. (1999) have demonstrated for African birds, it is not realistic to
look for simple “lines”, but rather investigate transitions in terms of species richness
and species turnover (cf. Holloway & Jardine, 1968). Such methods have yet to be
applied to the Malay Archipelago.

The sea between the Sunda shelf and the Sahul shelf is deep. The islands in this
area were called Wallacea by Dickerson (1928), suggesting that they have much in
common, but actually the faunas of the included islands may differ considerably, par-
ticularly on Sulawesi, where endemism is high.

The first major account of the butterflies of Sulawesi was in a series of papers by
Martin (1914-1920, 1920-1924, 1929; see also Rober, 1940). The biogeography of Sula-
wesi butterflies has been discussed by a number of authors, including Toxopeus
(1930), Rober (1940), Holloway & Jardine (1968), de Jong (1990), Vane-Wright (1991),
Holloway (1991, 2003) and Vane-Wright & Peggie (1994). See also Otsuka (1996), who
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concludes that there is almost no influence of Sulawesi on the butterflies of Borneo.

The composition and distribution of the butterfly fauna of Sulawesi were discus-
sed at length by Vane-Wright (1991) in relation to the known or assumed geological
evolution of the area. He concluded that “the original terrestrial biota of Sulawesi was
Asian, and that collision with the Australian Plate 15 [Ma] brought few (if any) Austr-
alian Region butterflies directly to Sulawesi.” and a “significant increase in the land
area of Sulawesi over the last 15 [Ma] could offer an explanation for the island’s relati-
vely low number of species.” To reach these conclusions he analysed the links
between the butterfly faunas of Sulawesi and surrounding islands at species and
genus level, and also used the few relevant cladistic analyses available. While general-
ly still supporting these conclusions, we present an update of the analysis.

As already described, Sulawesi is a composite island that originated from the
accretion of several land areas which were islands since the early Tertiary. It implies
that most, if not all, butterflies on Sulawesi are progeny of species that crossed water
gaps. Success of colonization is dependent on finding the right habitat and, most
importantly for Lepidoptera, the right foodplants. Apart from geological evolution,
ecological evolution must have played a major role in the distribution of the butter-
flies. Similarly, present-day ecology is important in the distribution within the island.
Unfortunately, as stated above, the ecological requirements of most of the species are
poorly known in detail. There is some general knowledge of foodplants and broad
habitat preferences (like open grassy areas, open forest, closed forest, etc.), but altitu-
dinal ranges, for instance, are poorly documented. This lack of knowledge hampers
the analysis of a possible correlation between distribution and ecology.

High endemism, low richness: basic puzzle of the Sulawesi butterfly fauna

All of the major islands and island groups surrounding Sulawesi, together with a few
others such as Palawan (850 km to the nor-nor-west), are areas of endemism. Given the
central position of Sulawesi, it is surprising that its butterfly fauna is relatively more
endemic than any of the immediately surrounding islands. Equally, given its large size as
well as centrality, the smaller absolute size of its butterfly fauna in comparison to the
smaller and seemingly peripheral islands of Mindanao and Java is also surprising. Note-
worthy also is the comparison with Borneo: only 120 km away, it has more than twice the
number of butterfly species found on Sulawesi, a magnitude of difference not readily
explicable by its greater size alone. The basic figures per family are given in table 1.

Table 1. Number of endemic and non-endemic species in the Sulawesi Region per family. SR = ende-
mic to (some part of ) the Sulawesi Region, Sul = restricted to the island of Sulawesi, si = restricted to
satellite islands.

total non-end SR Sul si
Hesperiidae 87 63 24 15 0
Papilionidae 40 25 15 7 4
Pieridae 52 26 26 14 4
Lycaenidae 183 106 77 50 11
Riodinidae 4 4 0 0 0
Nymphalidae 191 94 97 47 9

total 557 318 239 133 28
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Fig. 9. Montane forest at top of Gunung Muajat, 1780 m, east of Kotamobagu, Sulawesi Utara, 31st
May 1985.
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Non-endemic faunal elements

As noted above, Vane-Wright (1991), based on the original version of this checklist
prepared for Project Wallace, analysed the distribution patterns of the non-endemic
Sulawesi butterfly fauna in an attempt to understand this problem. He enumerated
and tabulated the Sulawesi species and genera shared with seven surrounding areas
of endemism, singly and in any of the 120 possible combinations of these areas. Those
taxa found in all seven surrounding areas were considered uninformative, as were the
endemic taxa, which can only be made informative in the light of cladistic analyses (as
already indicated, still lacking for more than a fraction of the taxa). Vane-Wright con-
cluded that two general patterns could be observed. First, an ‘older” pattern, based on
the analysis of genera, which linked Sulawesi to Asia, but with no special links to Bor-
neo. Not a single, currently recognised butterfly genus is restricted to Sulawesi + Bor-
neo — although the rare and rather widespread Artipe appears to hold that distinction
when looking at just the seven areas and Sulawesi. Second, a set of “younger’ patterns,
based on the analysis of non-endemic species, links Sulawesi to Maluku, the Philippi-
nes and the Lesser Sunda islands, in addition to the Asian pattern, also strongly evi-
dent in the species distributions. Of these so-called younger patterns, Vane-Wright
(1991) concluded that the link to the Moluccas was the “most pronounced.”

Faunal analysis revisited

Since 1991, the number of species recorded in our Sulawesi list has increased
modestly, from 470 to 488 for the island of Sulawesi only (to 557 for the Sulawesi
Region), and the number of genera likewise, from 183 to 191 (194 for the Sulawesi
Region). Some of these changes are due to new discoveries, others to changing taxo-
nomy. However, in terms of the distribution of non-endemics, other changes also
involve refinement in our documentation and knowledge of the surrounding areas,
and in particular the fauna of northern and central Maluku. Vane-Wright & Peggie
(1994) demonstrated that these two areas were indeed separate areas of endemism,
and that Obi (treated as “ambiguous” by Vane-Wright, 1991) clearly belonged, on the
basis of its faunal composition, to northern Maluku. Their work depended on still lar-
gely unpublished lists (Peggie et al., 1995, is the exception) documenting the entire
Maluku butterfly fauna, and we have drawn on these compilations to refine our esti-
mates of the ranges of the non-endemic Sulawesi genera and species. The publications
of Seki et al. (1991), Corbet & Pendlebury (1992), de Jong & Treadaway (1993c), Tre-
adaway (1995), and Parsons (1999) have also been of great help in this general faunal
documentation, together with a host of scattered papers by many different authors,
often dealing with discoveries of individual new populations and subspecies.

Although quite a lot of details have thus changed, and the tabulated numbers and
percentages now differ as a result, the overall conclusions of Vane-Wright (1991)
remain broadly valid — at least, in terms of any analysis along the same lines. Rather
than duplicate the entire discussion and argumentation presented in Vane-Wright
(1991), we present here just the basic information about the areas used in the analyses,
together with four tables: one for genera and one for species, corresponding to tables 2
and 3 in Vane-Wright (1991), a third concerning within-Sulawesi distributions, and a
fourth dealing with endemism. Given the descriptive distributional account presented
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for each taxon, together with the codes indicating distribution in the seven surroun-
ding areas, all the data are explicit in the checklist, and available to anyone who might
wish to make their own analyses.

The areas and codes
Sulawesi is defined here as the main island bounded by its sea shore.

(E) Known distribution entirely within the island. Butterfly taxa found widely but
apparently never beyond the shoreline include Aoa, Bletogona, and the subgenus
Pseudamathusia.

Sulawesi Region includes numerous offshore islands, extending to Talaud to the
north, Sula to the east, Buton, Tukangbesi to the south-east, and Salayar, Tanah-
jampea, Kalao and other islands to the south (fig. 2).

(R) Taxon with known distribution entirely bounded by the Sulawesi Region, inclu-
ding records for at least one of its off-shore islands in addition to confirmation for
the main island. Such regional endemics include Lohora, Papilio gigon and Neptis ida.

(L) Taxon with distribution bounded by Sulawesi Region, but no records from the
main island. Such local endemics include Troides dohertyi, found only in the Sangi-
he and Talaud archipelagos.

(P) Taxon occurring both within and beyond the Sulawesi Region, but without any
records from the main island. Such peripheral butterflies include Papilio rumanzo-
via, likewise found in Sangihe and Talaud, but also beyond, in the Philippines.

(1) Palawan. Palawan island and its close “satellites”. Endemics include Trogonoptera
trojana and Elymnias parce.

(2) Mindanao. The southern Philippines: Mindanao, Basilan, Bohol, Leyte and Samar.
Endemics include Papilio antonio and Discophora philippina.

(3) Northern Maluku (as defined by Vane-Wright & Peggie, 1994). Halmahera, Moro-
tai, Ternate, Batjan and Obi. Hypochrysops siren is endemic to this area.

(4) Central Maluku (as defined by Vane-Wright & Peggie, 1994). Buru, Seram,
Ambon, Saparua and various smaller islands. Delias dorimene and Hypolimnas pan-
darus are among those species restricted to this area.

(5) Lesser Sunda Islands (with Bali as ambiguous). The great chain of small islands,
from Bali and Lombok east through Flores to Timor and Tanimbar. Endemics to
this area include Melanitis belinda and Delias sambawana.

(6) Java (with Bali as ambiguous). Java, Bali and some minor offshore islands. Species
restricted to this area include Ypthima nigricans and Cyrestis lutea.

(7) Borneo. The main islands and its close “satellites”, including Laut. Endemics
include Troides andromache and Chersonesia excellens.

Combination codes are used to specify the distribution of Sulawesi taxa on two
or more of the seven surrounding islands or island groups. Thus, if there were a
butterfly known only from Sulawesi, Palawan and Flores, it would be coded (1+5).
No such taxon has been found - and indeed, of the 120 possible combinations invol-
ving 2, 3, 4, 5, 6 or 7 islands at a time, less than half (52) are supported by empirical
evidence and, of these, no less than 19 are represented by just single examples. The
most common combinatorial pattern of all involves all of the surrounding islands
(1+2+3+4+5+6+7), coded more simply as widespread (W) in the checklist: a total of
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Table 2. Principal, repeated, potentially informative distribution patterns amongst non-endemic but-
terfly genera found on Sulawesi (all totally widespread and Sulawesi Region endemic genera exclu-
ded, together with patterns exhibited by only one genus). The eight repeated patterns not tabulated
here were supported by just two or three examples each. The top 4 of the 14 repeated patterns account
for 65% of the 89 genera covered by the table, and represent all of the surrounding areas except nort-
hern and central Maluku. This is the ‘older’, Asian pattern discussed in the text.

The coded areas are 1: Palawan, 2: Mindanao region, 3: northern Maluku, 4: central Maluku, 5: Lesser
Sunda Islands, 6: Java, 7: Borneo.

pattern percent no. of examples
142+ 5+6+7 28.1% (25)
1+2  + 6+7 20.2% (18)
1 + 5+6+7 9.0% 8)
2+ 6+7 7.9% (7)
142 +4+5+6+7 6.7% (6)
142+3+4  +6+7 5.6% ®)
Eight others 22.5% (20)
100.0% (89)

Table 3. The ten most strongly supported biogeographic patterns shown by native, non-endemic
Sulawesi butterfly species, as subsets of the seven surrounding areas of endemism. Endemic, perip-
heral and totally widespread species have been disregarded. Two major classes of these ‘younger’
patterns are evident: Asian links involving combinations of areas 1, 2, 5, 6 and 7, very similar to those
seen in the generic analysis, and an eastern linking of Sulawesi with the Moluccas. Components lin-
king to the north (Mindanao) and to the south (Lesser Sundas + Java) are also apparent, and are
stronger than any pattern linking exclusively to Borneo (just five species exhibit this pattern, not
shown here as it lies outside this ‘top ten’).

For area codes, see table 2.

pattern percent no. of examples
2 7.4% ()]
3 10.1% (11)
3+4 12.0% (13)
5+6 11.1% (12)
1+ 647 7.4% ®)
5+6+7 7.4% 8
1+2  + 6+7 17.6% (19)
1 + 5+6+7 2.7% 3)
142+ 5+6+7 19.4% (21)
142+  445+6+7 3.7% 4)
100.0% (107)

130 genera and species found on Sulawesi show this uninformative pattern. The
second most common pattern involves five areas (1+2+5+6+7); a total of 45 species
and genera found on Sulawesi have this pattern, equivalent to widespread other
than in N and C Maluku. The distributions of all but one of the total of 751 genera
and species recorded here from the Sulawesi Region can be encoded by this system -
the distinctive nymphalid genus Pseudergolis being the lone exception. Represented
on Sulawesi by a single endemic species, this disjunct genus is not recorded from
any of the surrounding islands, but recurs only on the Asian mainland; in our list
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this single exception is coded (D). Finally, it should be noted that a few species are
listed that are considered very uncertain with respect to their genuine presence in
Sulawesi, and no distribution code is given for any of these. Likewise, if a species is
known, for example, from Sulawesi, Borneo and Java, but only tentatively for the
Lesser Sundas, it is coded as (6+7), not (5+6+7), nor even (5?+6+7).

Are there distributional patterns on Sulawesi itself?

In the checklist the distribution over the island of Sulawesi has been very rough-
ly indicated by N, C, S, E and SE (not exactly coinciding with the four administrati-
ve provinces). The inventory is far from exhaustive. In particular, the east and sou-
theast arms are underrepresented: published records are much scarcer than for the
other parts, and some good collections from these areas still await working up. Even
so, if we only take the species in N, C and S into account, a remarkable pattern is
evident (Table 4). Of the 356 non-endemic species on Sulawesi, similar numbers of
species occur in N, C and S (columns 8-10 in Table 4). However, if we break these
numbers down according to their distributional width, the distribution is not as
even as it may seem. Supposing that a non-endemic species occurring in N and S,
but not known from C, has been overlooked in C, the number of species widespread
on Sulawesi is 246 (70%). Disregarding the few non-endemics that for unclear reas-
ons are restricted to C (perhaps overlooked in N and S, or with narrow ecological
tolerance), we find that the number of species restricted to N (24) and to N+C (27)
together make up 14.3% of the non-endemics, while the number of species restricted
to S (34) and to C+5 (15) together make up 13.8% of the non-endemics. Far fewer
species are restricted to C, and the total number in C (52, or 14.6%: 42 N+C and S+C,
plus 10 restricted to C) is only so high because of overlap of N+C and S+C. In other
words, the non-widespread non-endemics show peaks in N and S. Considering that
the butterfly fauna on Sulawesi is the result of immigration, these figures suggest
that the non-endemics restricted to the northern or southern parts of Sulawesi are
later arrivals (from the Philippines and Java/Lesser Sunda Islands, respectively; a
historical explanation) or slower dispersers (an ecological explanation) than the non-
endemics which are widespread on Sulawesi. Moreover, the higher number of spe-
cies restricted to N+C than to S+C may point to an easier dispersal from N to C than
from S to C, that is to say, barriers between N and C are less severe than between S
and C.

The within-island distribution of endemic taxa will be discussed below.

Table 4. Distribution of non-endemic and endemic species over N, C and S Sulawesi (E and SE have
been disregarded, see text). The numbers in the first seven columns (N to N+C+S5) refer to species res-
tricted to the marked areas. In this table, endemic species are species restricted to the island of Sulawe-
si only; all other species on Sulawesi also occurring on other islands, even when restricted to islands of
the Sulawesi Region, have been considered non-endemic.

N C S N+C N+S C+S N+C+S Ntotal Ctotal Stotal
total 38 50 50 47 17 23 263 365 383 353
non-end (Sul) 24 10 34 27 16 15 230 297 282 295
end (Sul) 24 40 16 20 1 8 33 68 101 58
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Endemism, and Sulawesi as a critical island fauna

Generic level endemism

As yet we do not have sufficient collated data available to evaluate Sulawesi
Region generic endemism in relation to other parts of the Malay Archipelago, but at
3.6% it appears to be modest (cf. genus level endemism for New Guinea calculated at
14.8% by Parsons, 1999: 33). The significance of this Sulawesi endemism is uncertain.
Six of the seven genera involved have only one (Ilma, Aoa, Nirvanopsis, Lamasia) or two
included species (Bletogona, Uranobothria). The exception is Lohora (Satyrinae: Mycale-
sina), with 17 species currently recognised. Unlike most mycalesines, however, the
species of Lohora are difficult to separate by their male genitalia, and the status of
several remains doubtful (Vane-Wright & Fermon, in press). Moreover, the characters
by which Lohora is separated from Mycalesis, other than certain constant modifications
to the wing-pattern and venation groundplan, are not clear to us. This suggests the
possibility that Lohora represents an internal subgroup of Mycalesis that has undergo-
ne recent radiation in the Sulawesi Region. The genus would make an excellent sub-
ject for investigation by molecular systematics.

Species endemism: Sulawesi as a critical island fauna

Species level endemism in the Sulawesi Region exceeds 40%. This is very high
compared to the Malay Peninsula (2%: Corbet & Pendlebury, 1992). It is also high in
comparison to most of the surrounding islands, with the exception of the collective
Philippine islands proper (Philippines minus Palawan group), which approach the
same level (Treadaway, 1995; de Jong & Treadaway, 1993c; Vane-Wright, 1990; Vane-
Wright & Peggie, 1994), and the very much larger island of New Guinea (46%, rising
to 55% if satellite islands are included: Parsons, 1999: 22-23). For northern and central
Maluku, Vane-Wright & Peggie (1994) documented levels of butterfly species ende-
mism at about 11% and 15% respectively. Species endemism for the western Lesser
Sundas, Java, Borneo and Palawan is, in each case, probably no more than about 10%,
but the relevant data have yet to be collated. Although all these values pale in compa-
rison to Madagascar (70-74% species endemism: Lees et al., in press), a value of over
40% for a land area or even island the size of Sulawesi is nonetheless impressive.
Notably, the Danaina plus Euploeina (Danaini) of the Sulawesi Region include 15
endemics out of a total of 38 species, making this the richest and most specialised
fauna for milkweed butterflies in the world. This observation, plus the personal expe-
rience of the present authors of the ecological destruction of the neighbouring central
Philippines, led Ackery & Vane-Wright (1984) to explore the idea of minimum sets of
local faunas across the world that could represent all species of a particular group.
The procedure they proposed, “critical faunas analysis”, depended heavily on a
knowledge of endemism. Collins & Morris (1985) applied this method to the Papilion-
idae, and as a result also recognised Sulawesi as an outstanding critical fauna for glo-
bal conservation needs.
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Table 5. Endemism among butterfly genera and species found in Sulawesi Region, and on Sulawesi.

Total genera found in Sulawesi Region 194
Total genera on Sulawesi 191
Total genera unique to Sulawesi Region 7
Total genera unique to Sulawesi 5
Total species known from Sulawesi Region (a) 557
Total species known from Sulawesi (b) 488
Total species unique to Sulawesi Region (c) 239
Total species unique to Sulawesi 133
Total spp. endemic to Region not on main island (d) 28
Total number of non-endemic, peripheral species 43
Percentage endemic spp. in Sulawesi Region (c/a x 100) 42.9%
Percentage endemics on Sulawesi (c-d /b x 100) 43.2%

Although the unsophisticated procedures adopted in such analyses have now
been entirely superseded by methods based on assessing data for near equal-areas
using complementarity (Williams, 2001), incorporating for practical conservation eva-
luation a far wider range of factors (Margules & Pressey, 2000; Williams & Aradjo,
2000; Aradjo et al. 2002), the present simple analysis of relative and absolute levels of
endemism nevertheless underlines the significance of Sulawesi as a critical fauna. If
all the native butterflies of the Sulawesi Region became extinct, the world would lose
more than one in a hundred of all known butterfly species. Currently there is a very
real danger of this happening to the equally significant fauna of the Philippines. Habi-
tat destruction in Sulawesi is less advanced, but seems to be continuing, and at an
alarming pace (M.F. Kinnaird and T.G. O’Brien, in Whitten et al., 2002: xiv-xx).

Is the Sulawesi Region an area of endemism?

Vicariance biogeography relies heavily on the idea of “areas of endemism” to pro-
vide units for analysis. The definition of an area of endemism is, however, not precise.
Vane-Wright & Peggie (1994) explored a simple “test” based on the expectation that,
on incrementally increasing land area sub-sampled within an area of endemism, per-
centage endemism should rise (tending to zero as sampled area tends to zero, and ten-
ding to 100% on approaching continental and global scales). If, as a result of adding a
particular area, percentage endemism falls (or at the limit remains the same), then it is
likely that a boundary has been transgressed, and that two or more incomplete and
separate areas of endemism are being conflated. For example, Vane-Wright & Peggie
(op. cit.) found that on adding faunal data for Obi to data for Morotai, Bacan, Halma-
hera and Ternate in northern Maluku, percentage endemism for the combined area
almost doubled. In contrast, on adding the Obi data to that for Buru, Seram and
Ambon in central Maluku, percentage endemism fell from 15% to 14%. From this they
concluded that Obi belonged to an area of endemism they termed N Maluku, and not
to C Maluku. On combining the data for N and C Maluku, percentage endemism
increased to 21% (although, for other reasons, Vane-Wright & Peggie concluded that
the two areas taken together did not form “a well-marked” area of endemism).

On adding data for all the peripheral islands included here as part of the “Sulawe-
si Region”, it is notable that percentage species endemism drops slightly (Table 5).
This suggests that, although convenient for the purposes of our checklist, the Sulawesi
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Region as defined here is not a fully coherent area of endemism. Further work is nee-
ded to establish the natural limit of the Sulawesi endemic area. Almost certainly it will
be found that, for example, inclusion of data for close island and island groups like
Muna and Kep. Banggai will increase total percentage endemism, whereas more
remote islands and island groups such as Kalao and Kep. Talaud will reduce it (as
they almost certainly sample the fauna of the western Lesser Sunda and Mindanao
regions, respectively, to which they most probably “belong”). In order to make any
such tests, comprehensive data sets for all the surrounding islands and areas are nee-
ded. Regrettably, we do not yet have the relevant data fully collated.

Are there distribution patterns in the endemics of Sulawesi?

The endemics of Sulawesi show a very different distribution pattern from the non-
endemics (Table 4). The number of widespread endemics (i.e. occurring in N and C
and S - a total of 32) is only 25% of the total number of endemics, quite different from
the 70% of widespread non-endemics. Comparing the total number of endemics in N,
C and S (Table 4 columns 8-10) it becomes already apparent that C, with ca 76% of the
endemics, is richest, but it is even more apparent if we break the numbers down into
smaller areas. Of the species restricted to either N, C or S (70 in total), 57% (40) are
found in C. Of the 98 species restricted to one area or two adjoining areas, 85.7% are
restricted to N and/or C. In other words, C is richest in endemics in general and in
narrow endemics in particular and, similarly to the situation with non-endemics, the
barrier between N and C appears less severe than between C and S. The reason for
this is not clear. There may be better opportunities for speciation in C, or C may have
had a longer subaerial life.

Celebes forewing and gigantism: other manifestations of endemism?

In some parts of the world, notably areas of the tropics, many un-related butterfly
species share a particular facies. Almost all such cases are caused by mimicry: conver-
gence to form “rings” of aposematic and pseudaposematic species all locally similar in
appearance, such as the well-known glasswings and their mimics in the neotropics, or
Amauris and its look-alikes in Africa. In contrast, the butterflies of Sulawesi are unique
in that quite unrelated species show apparent convergence in size and wing shape,
seemingly unconnected with mimicry. These phenomena, known as “Celebes fore-
wing” and “gigantism”, were first noticed and commented upon by Wallace (1865,
1867, 1869). Celebes or Sulawesi forewing involves either extreme acumination of the
forewing tip (well seen in Appias zarinda), and/or a pronounced bending of the fore-
wing costa (as in Idea tambusisiana), in comparison to related species (e.g. Appias nero,
Idea blanchardii). Gigantism refers to the observation that Sulawesi butterfly species are
often larger than corresponding subspecies or their close relatives in surrounding
areas. Good examples include Papilio peranthus (the Sulawesi race is far larger than the
other populations of this species or complex, found in Java and the Lesser Sundas)
and Zethera incerta (spectacularly large for a satyrid, and much larger than any of the
other five species of the genus, all of which are confined to the Philippines).

Wallace described these parallelisms only among Papilionidae, Pieridae and
Nymphalidae, but they are more widespread, also commonly occurring in Lycaeni-
dae (Toxopeus, 1930). Moreover, in many Lycaenidae there are parallel shifts in
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sarpedon group Oriental & Australian Regions

aricles Burma to Sundaland, Palawan
meyeri Sulawesi endemic

—— leechi China

_E bathycles Sundaland
chiron continental Asia
doson West of Wallace’s Line
procles N Borneo

4!_7‘: evermon SE Asia to Sundaland

euryples NE India to Australia

Fig. 10. Species and area cladogram of the Graphium eurypylus group, after Saigusa et al. (1982). Taxa
occurring in the Sulawesi Region have been printed in bold.

wing markings (widening of dark margin on upperside of forewings in females;
stronger discoidal stripe on upper and underside; expansion of eyespots, and their
colour intensified; tornal spot on the underside of the hindwing with orange lunule
strongly reduced, but with expanded white or pale blue distal line). Although these
phenomena have yet to be investigated in a quantitative, rigorous manner, casual
observations suggest they are real. Even though their origins and biological signifi-
cance remain mysterious, they appear to be further manifestations of the endemism
and peculiarity of the Sulawesi fauna.

Cladistic analysis

Application of phylogenetic information to biogeographic analysis renders endemic
species informative, by placing them in a broader context through recognition of their
sister taxa, and thereby establishing their place in the evolution of the monophyletic
group to which they belong. This makes it possible to set historical events in a chronolo-
gical order. Unfortunately there are not many useful phylogenetic analyses available for
endemic Sulawesi butterflies. The available information is summarized here.

Graphium meyeri is a Sulawesi endemic belonging to the G. eurypylus group. In the
phylogenetic tree for all nine species proposed by Saigusa et al. (1982) it occupies the
most basal position but one (fig. 10). All other species are confined to the areas to the

subgenus Hestia Sri Lanka, S India to Sundaland
tambusisiana  Sulawesi endemic

— leuiconoe Thailand, Sundaland, Phil., Taiwan
L hypermnestra Thailand, Sundaland
electra Philippines

blanchardii Sulawesi Region endemic
A‘E durvillei N Moluccas, New Guinea

idea S Moluccas
Fig. 11. Species and area cladogram of Idea (Idea), after Kitching et al. (1987) and Vane-Wright (1991).
Species occurring in the Sulawesi Region have been printed in bold.



Vane-Wright & de Jong. The butterflies of Sulawesi. Zool. Verh. Leiden 343 (2003) 25

pumila group Papuan Region

crowleyi group Indo-sundaland to Flores
Philippines, Sulawesi

menadensis Sulawesi Region endemic
tityoides Sumatra

pseudomelaneus  Java

albata Sumatra, Java, Bali
timorica Timor endemic
hypowattan Sulawesi endemic
dabrerai Sulawesi endemic

_|: toxopei Sulawesi endemic
kuekenthali Sulawesi endemic
Fig. 12. Species and area cladogram of a clade of Parantica, after Ackery & Vane-Wright (1984). Species

occurring in the Sulawesi Region have been printed in bold. According to Morishita (1985), tityoides is
a subspecies of pseudomelaneus.

west and north of Sulawesi, except the crown species G. eurypylus, which extends from
India to Australia. This strongly suggests an Asian origin of G. meyeri, at a relatively
early date. After its separation, seven other species evolved from its sister species.

Yata (1989), analysing the Old World species of the pierid genus Eurema, did not
find special links between Sulawesi and the Philippines or the Moluccas. The five spe-
cies of the tilaha subgroup occur in Sundaland, Sulawesi and the Lesser Sunda Islands.
Of these, only E. tominia occurs on Sulawesi, and is one of the very few butterflies res-
tricted to Sulawesi and Borneo. On the basis of his phylogenetic scheme for the subg-
roup, Yata concluded that the two Lesser Sunda Islands endemics, E. timorensis and E.
lombokiana, were the first split off. Then E. tominia separated on Sulawesi from the
Sundaland population. The last split was between the population of Java and Bali (E.
tilaha) and the rest of Sundaland (E. nicevillei). Finally, E. tominia spread to Borneo to
become sympatric and hybridise with E. nicevillei (Holloway, 1973; see also Yata, 1992).
The sari subgroup of eight species is divided by Yata into two sections, the sari section
of three species, distributed from Burma to Sundaland and the Philippines, but not on
Sulawesi, and the andersoni complex of five species, to which the Sulawesi endemic E.
celebensis belongs. The phylogenetic relationships of the latter complex are unresolved,
but since the complex does not occur in the Philippines or the Moluccas, the only link
shown is between Sulawesi and Sundaland. The simulatrix subgroup consists of the
Sulawesi endemic E. irena and the widespread E. simulatrix. The latter species is found
from Burma to Sundaland and the Philippines. From this distribution it cannot be
concluded whether E. irena links Sulawesi to Sundaland or to the Philippines.

As pointed out by Vane-Wright (1991), the cladistic analysis of Idea Fabricius of Kit-
ching et al. (1987), transformed into an area cladogram (Vane-Wright's fig. 3; cf. our fig.
11), leads to the conclusion that an originally Asian ancestor first spread from Sunda-
land to Sulawesi, where it speciated, and later again spread from Sundaland to Sulawe-
si, either directly or through the Philippines. After speciating again in Sulawesi, it
spread to the Moluccas and hence to western New Guinea. This scenario is consistent
with the geological interpretation that west Sulawesi has always been close (and until
the middle Eocene connected) to Sundaland and that opportunities for exchange with
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Fig. 13. Strict consensus tree of 40 equally parsimonious trees for Cyrestis and Chersonesia (Nymphali-
dae), based on data provided by Holloway (1973) (length 158, CI=0.671, RI=0.858, RI=0.576). Species
occurring in the Sulawesi Region have been printed in bold. See text for further explanation.

the Philippines and the Moluccas only became significant in the Pliocene.

As explained by Vane-Wright (1991), the phylogenetic relationships among the
eight members of the monophyletic Parantica tityoides group (Ackery & Vane-Wright,
1984) tell a different story (fig. 12). This group, which includes a monophyletic subg-
roup of four Sulawesi endemics, occurs in Sumatra, Java, Bali and Timor, but is absent
from Borneo, the Philippines and the Moluccas. Unless it has become extinct in Bor-
neo, it must have reached Sulawesi through Java and possibly the Lesser Sunda
Islands. Its occurrence on Timor indicates that extinction must have occurred in most
of the Lesser Sunda Islands. A link between Sulawesi and the Lesser Sunda Islands is
still apparent in the monophyletic group comprising Parantica sulewattan (Lompoba-
tang in south-western Sulawesi), P. philo (Sumbawa) and P. wegneri (Flores).

Smiles (1982) was aware of only one of the two endemic Polyura species known
from Sulawesi. In his cladistic analysis, the endemic P. cognata emerged as sister to P.
dehanii, found only on Sumatra and Java. In Smiles” scheme this pair form the sister
taxon of the athamas group, seven species collectively distributed through Sri Lanka,
India, southern China, SE Asia, the Philippines, Sulawesi, and the Greater and Lesser
Sunda Islands, to Timor (Smiles, 1982: map 2). None of the athamas group species is
found in N or C Maluku, New Guinea or Australia. On Sulawesi, the group is repre-
sented by the only non-endemic Polyura found on the island, P. alphius (= agraria).
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Thus P. cognata appears to be of SE Asian origin, and may have evolved on Sulawesi
following a vicariance event with, or dispersal from Java. The endemic species that
Smiles unfortunately overlooked, Polyura inopinatus, is very distinctive. It is known
only from the unique holotype, described from northern Sulawesi in 1939, and its
place within Smiles” scheme has not been determined. P. inopinatus was not encounte-
red during Project Wallace.

The genus Cyrestis, with only five species in the Sulawesi Region (of which three
are endemic) is remarkable for the various biogeographic links it demonstrates. Hollo-
way (1973) analysed the Cyrestis group of genera, using a distance method. We re-ana-
lysed his data matrix (p. 170), applying maximum parsimony (PAUP4b10). The strict
consensus tree of the 40 equally parsimonious trees found (our fig. 13) is slightly diffe-
rent from Holloway’s dendrogram (his fig. 10). We have used Azania (with camillus as
exemplar species) to root the tree. Conspecific subspecies have been merged and the
names for species groups have been added, following Tsukada (1985). If this cladogram
truly reflects phylogenetic relationships, then the monophyly of Cyrestis is not strongly
supported (in fact, in 70% of the 40 trees the acilia group clusters with Chersonesia), and
recognition of a nivea group as does Tsukada (1985) renders the thyodamas group para-
phyletic. However, these taxonomic problems do not affect Sulawesi relationships.

We find Sulawesi taxa in four species groups. The acilia group is mainly distribu-
ted in the Papuan Region, C. strigata (recognised as a separate species here, but consi-
dered a subspecies of C. acilia by Holloway, 1973) being the representative in the Sula-
wesi Region, while the endemic C. eximia of Kep. Sangihe also belongs to this group.
Thus, these species show an eastern connection, but since the sister of the acilia group
is uncertain, nothing can be said on direction of spread.

The cocles group demonstrates an interesting sequence of speciation events, star-
ting with an early split between the Sundaland-continental Asian taxa C. themire and
C. cocles. The next split is between C. cocles and a Philippines-Sulawesi-Molluccas-
Vogelkop complex. This is a Sundaland connection, but it cannot be decided whether
the ancestor of C. cassander and C. paulinus went from Borneo directly to Sulawesi or
via the Philippines. Finally, C. paulinus apparently extended its range further east and
reached the Vogelkop, demonstrating the Moluccan connection.

In the thyonneus group we find again a Sundaland connection in the sisters C. the-
resae (Sumatra and Borneo) and C. thyonneus (Sulawesi and C. Moluccas). The thyoda-
mas group is very widespread, occurring throughout the Oriental Region, extending
north to S Japan, and east to the Solomon Islands and New Caledonia. Since the ear-
lier speciation events are between continental Asian and Sundaland taxa, the spread
would seem to have been from west to east across Wallace’s Line. In our area we have
the telamon complex of species, with C. heracles on C and N Sulawesi and Kep. Sula, C.
telamon in C and N Moluccas, C. achates in New Guinea, and additional taxa in the Bis-
marck and Solomon Islands. According to fig. 10, the sister of this complex is C. nais,
an endemic of the Lesser Sunda Islands (Lombok to Timor). This suggests a southern
connection, but because of the absence of C. heracles from the south and southeast
arms of Sulawesi (as well as from the southern islands) the possibility cannot be ruled
out that the route was from the Lesser Sunda Islands to the Moluccas (although now
absent from S Moluccas) and from there into Sulawesi.

De Jong (1983) found an exclusive link between Sulawesi and the Philippines in
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Fig. 14. Species and area cladogram for the laxmi group of the genus Coladenia (Hesperiidae), after de
Jong (1996). The Sulawesi species has been printed in bold.

the sister species Matapa celsina (Sulawesi endemic) and M. intermedia (Sulawesi and
the Philippines). The sister species of the two species combined is M. sasivarna, distri-
buted from NE India to Sumatra and Borneo. Sister to the three species combined are
the sister species M. aria and M. druna, both with a wide distribution in the Oriental
Region, M. aria also occurring in the Philippines. Apparently, the ancestor of M. celsina
and M. intermedia originally came from Borneo. Since M. celsina and M. intermedia
overlap in Sulawesi, it is likely that M. intermedia colonized Sulawesi after speciation
in the Philippines. Whether the common ancestor of the two came first to Sulawesi (in
which case it indicates a link between Sulawesi and Borneo) or to the Philippines (in
which case Sulawesi was twice colonized from the north) cannot be decided on the
basis of present knowledge.

Links between Sulawesi and Borneo (or rather Sundaland) are also apparent in
the sister species Gangara tumpa (Sulawesi endemic) and G. lebadea (Oriental Region
to Java, Borneo, Palawan and Leyte) (de Jong, 1992), and Pirdana ismene (Sulawesi
endemic) and P. distanti or P. hyela (both Sundaland, with northward extension on
the continent) (de Jong & Treadaway, 1993b). A very different situation occurs in the
genus Coladenia (de Jong, 1996). The only Sulawesi representative, C. kehelatha,
belongs to the laxmi group of six species which are interrelated as in fig. 14. The
Sulawesi endemic is embedded, as it were, in Philippine endemics, strongly indica-
ting an exclusive Sulawesi-Philippines connection. From fig. 14 it also follows that at
some time a Philippine species returned to Sundaland. Interesting as this may be, it
does not involve Sulawesi and therefore falls outside the scope of this paper.

The genus Taractrocera has three species on Sulawesi: T. ardonia, T. luzonensis and T.
nigrolimbata. All three occur in Sundaland, luzonensis also in the Philippines. Although
they generally indicate a Sulawesi-Sundaland link, they have very different histories,
and may have arrived in Sulawesi at very different times and from different directions
(de Jong, 2001). The genus is of Australian origin. At some time, possibly in the Mioce-
ne, it spread to Asia, where it successively speciated into T. luzonensis, T. archias (not in
Sulawesi), T. nigrolimbata and several other Asian species (see also Morley, 2000: fig.
9.27, for dispersal paths between Asia and Australia in the Miocene based on pollen
analysis). It returned to Australia and New Guinea, leaving behind a population that
eventually split into the continental Asian T. maevis and the Sundaland species T.
ardonia. Since T. ardonia is only known from W Malaysia, Borneo and the Sulawesi
Region, it would appear that it reached Sulawesi directly from Borneo. The older T.
nigrolimbata occurs from Indo-China and Malaysia through Sumatra and Java to Sumba-
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wa. It is unknown from Borneo. Therefore, a direct link between Sulawesi and the Les-
ser Sunda Islands seems obvious. This is strengthened by the fact that the species can be
subdivided in two subspecies, the one from Sulawesi otherwise being restricted to the
Lesser Sunda Islands. Finally T. luzonensis, the oldest Asian species of the genus, has a
wide distribution, from Burma through Sundaland to the Philippines and the Sulawesi
Region, but not occurring on Java or the Lesser Sunda Islands. Since it (or its ancestor)
came from Australia, it may well have reached Sulawesi directly from the south-east.

Remarkably, an additional case of an originally Australian group colonizing Asia is
found in the related genus Cephrenes (de Jong, 2001). After an early Papuan-Australian
development one species reached Asia and speciated there to produce C. acalle. This
species is widespread in the Oriental Region and also occurs in the Philippines, but not
on the Lesser Sunda Islands. Since it is high in the crown of the phylogenetic tree, it is
likely that it arrived in Asia much later than Taractrocera luzonensis. Although other spe-
cies of the genus also occur in the Papuan Region, the sister species of C. acalle, Cephrenes
trichopepla, is only known from N. Queensland, suggesting that the ancestor of C. acalle
did not move to the north-west by way of New Guinea and the Moluccas. Although its
route remains unclear, it is still an Australian element in the Oriental fauna, and thus in
the fauna of Sulawesi. The same is probably true for the Sulawesi representatives of
such eastern genera as Psychonotis (Lycaenidae), and possibly Elodina (Pieridae).

Even though the cladistic information on the butterflies of the Sulawesi Region is
poor, the absence of a single pattern suggesting a single historical event to explain the
butterfly diversity of the region, is obvious. This is 