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Abstract 
The geographic disjunction between the hawkmoth genera Compsulyx in New Caledonia and 
Batocnema in East Africa-Madagascar is a biogeographic pattern shared with other plant and 
animal taxa, irrespective of their individual means of dispersal. The disjunction is almost identical 
to a sister species relationship in the plant genus Acridocarpus (Malpighiaceae), similar to Cunonia 
(Cunoniaceae) in New Caledonia and South Africa, and comparable to Dietes (Iridaceae) on Lord 
Howe Island and Madagascar/East Africa. These and other geographic disjunctions represent 
scattered elements of the numerous trans-Indian Ocean connections involving more widespread 
taxa, some with distributions that include the Pacific. The biogeographic patterns are consistent 
with Mesozoic tectonic events that disrupted the continuity of widespread ancestral distributions. 
The tectonic correlations are not in conflict with younger fossil or island calibrated molecular 
divergence ages that represent minimum estimates only. And they provide a potential falsification 
of centres of origin and chance dispersal models generated by ancestral-areas programmes. 
 
Keywords: Acridocarpus, Batocnema, biogeography, Ceridoxylaceae, Compsulyx, 
Cryptoblepharus, Dietes, Hyles, Lepidoptera, Lordhowea, molecular clock, Sphingidae, tectonic 
correlation, tectonics 
 

Introduction 
Sister taxa descend from a common ancestor. When sister taxa are disjunct, the geographic break is 
often treated as a biogeographic problem. The further apart, the greater the perceived problem. The 
most common solution is to attribute the disjunctions to unobserved chance events, usually 
involving unique accidental dispersal of ancestors from one locality (the centre of origin) to 
another. Beginning with Darwin (1859), this perspective generated a paradox by attributing both 
geographic location and biological divergence to movement. Because isolation is necessary for 
divergence to take place, disjunct localities are supposed to be permeable to chance dispersal events 
while at the same time sufficiently impermeable to provide the isolation that makes divergence 
possible. This paradox becomes redundant when the movement of organisms is understood to be 
responsible for the ancestral range rather than biological divergence (Craw et al. 1999, Heads 
2012).  
 
Dispersal sustains the survival of species and is responsible for their distribution ranges as an 
observable ecological process that allows taxa to survive and persist through periods of ecological 
or geological instability. This metapopulation understanding of distribution explains how taxa may 
persist over tens of millions of years in geologically unstable regions. When there is sufficient 
ecological or geological upheaval, the ecological continuity of the ancestor’s range may be 
disrupted and displaced, resulting in spatial isolation and local differentiation (vicariance) of 
descendent taxa within the ancestral range. This is a very different concept from mostly unique, 
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non-observable, 'chance dispersal' events invoked to explain allopatry or disjunct allopatric 
distributions of sister taxa in centre of origin-chance dispersal biogeography (Heads 2012, 2017; 
Parenti & Ebach 2013). 
 
In this article we present some anomalies that arise from the assumption that chance dispersal is 
responsible for allopatric differentiation of the Ambulycini tribe of hawkmoths that includes sister 
taxa disjunct between Africa/Madagascar and New Caledonia. When viewed through the lens of 
chance dispersal, this distribution pattern makes no obvious geographic sense. When approached 
from the perspective of comparative spatial analysis of phylogeny and distribution, a different 
possibility becomes evident. Mapping the phylogeny and range of sister taxa allows evaluation of 
spatial correlations between taxa, and between taxa and Earth's tectonic structures as evidence of 
their having evolved together (see Craw et al. 1999, Heads 2012, 2014a, 2017 for global synthesis). 
We utilize this approach to evaluate the applicability of a Gondwana explanation for the 
Africa/Madagascar-New Caledonia disjunction in the Ambulycini hawkmoths. 
 

Disjunctions in the Ambulycini hawkmoths 
The idea that chance dispersal is the si non qua of trans-oceanic disjunctions was recently applied to 
a study of the Ambulycini hawkmoths of Madagascar, East Africa, and New Caledonia. Within this 
tribe, the genus Compsulyx is endemic to New Caledonia in the southwest Pacific (Fig. 1). 

 

 
Fig. 1. Compsulyx cochereaui of New Caledonia. Left – adult, right – larva. Photos by Thierry Salesne. 

 
The tribe Ambulycini is widespread in the Old and New Worlds, and yet notably absent from most 
of Africa (outside eastern Africa and Madagascar), northern Eurasia, North America mostly north 
of Mexico, New Zealand, and nearly all of Australia (Fig. 2). Compsulyx is located near the 
distributional boundary of the widespread east Asian genus Ambulyx, and it would be no surprise if 
they were sister taxa, but this is not the case. 
 
Phylogenetic analysis by (Timmermans et al. 2019) identified the sister group of Compsulyx as the 
genus Batocnema of Madagascar and nearby central-eastern Africa. The two genera are together the 
sister group of Protambulyx in the New World. The next sister group is also a New World clade of 
three genera (Orecta, Adhemarius, Trogolegnum), followed by Ambulyx-Amplypterus of southern 
and eastern Asia as the basal clade (Fig. 2). Timmermans et al. (2019) found themselves perplexed 
over how to work out the labyrinthine sequence of chance dispersal. The distribution was assigned a 
centre of origin in tropical South-East Asia because this is where the smaller basal clades are 
located. There was no explanation as to why a 'centre of origin' is represented by where 'basal' taxa 
(usually smaller sister groups diverging near the base of the phylogeny) are found. 
 
Having proposed a centre of origin, Timmermans et al. (2019) then found themselves 'unclear' as to 
whether there were two independent dispersal events to the New World, a single dispersal followed 
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by a return trip, or even a 'more complex scenario'. If this was not confusing enough, the 
biogeography was characterized as a highly enigmatic discrepancy. 

 

 
Fig. 2. Distribution of Ambulycini hawkmoths. Continental distributions from https://sphingidae.myspecies.info 
and Akbesia from https://tpittaway.tripod.com/sphinx/a_dav.htm. Phylogeny from Timmermans et al. (2019, not 
including Akbesia).  
 
Hawkmoths are characterised as strong fliers (Kawahara & Barber 2015). Some species have 
'exceptionally' large ranges and many are regarded as likely to be extraordinarily good dispersers 
(Beck et al. 2006, Timmermans et al. 2019). From this perspective, hawkmoths should be able to 
cross oceans, especially if assisted by favourable winds (Hundsdoerfer et al. 2009). While this 
ability may explain how some species have attained widespread oceanic ranges (Moulds et al. 
2020), even global, distributions (including widely scattered 'vagrants'), “...it does not explain 
disjunct distributions such as observed with the Ambulycini, absence of the group from areas with 
putatively suitable habitats (e.g. much of Australia and Africa), and more generally, explain the 
absence of endemic sphingids from New Zealand.  Timmermans et al. (2019) drew attention to the 
rarity of long distance disjunctions in Lepidoptera, but without documentation or explaining their 
significance for understanding the biogeography of the Ambulycini. While rarity is relative, there 
are examples of various Lepidoptera clades that have trans-oceanic disjunctions, some reaching 
18,000 km (Table 1). Within the Ambulycini, the 2,000 km disjunction within the Compsulyx-
Batocnema clade is far less than the ~10,000 km disjunction between this clade and its sister group, 
Protambulyx, in the New World.  
 
An alternative possibility for the Compsulyx-Batocnema disjunction is vicariance. In broad terms, 
vicariance is a concept of allopatric divergence within the distribution range of a common ancestor 
where ecological dispersal (as an observable process) is responsible for the origin of the ancestral 
range. Local isolation within that range (vicariance) may result in subsequent allopatric divergence. 
Disruptive geological or tectonic processes can result in geographically disjunct sister taxa across 
wide regions now occupied by oceans or seas (Craw et al. 1999, Heads 2012).  
 
Considered in the context of comparative biogeography, a vicariance explanation for an individual 
taxon may be corroborated or rejected. The potential value of comparison was alluded to by 
Timmermans et al. (2019) who briefly noted that the hawkmoths Hyles biguttata in 
Madagascar/Réunion Island and H. livornicoides in Australia appeared to represent a similar pattern 
to that in the Ambulycini. The unsettled state of Hyles systematics precluded further analysis 
(Hundsdoerfer et al. 2017, Hundsdoerfer & Kitching 2020), but the point was made - what does it 
mean for biogeography if there should be one or more similar disjunctions between Africa-
Madagascar and New Caledonia? And if such disjunctions occur, how may they be integrated into 
the biogeography of the Indian Ocean in general? 
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Table 1. Examples of trans-oceanic disjunctions in Lepidoptera taxa (minimum distance). 
Measurements approximate, derived from GoogleEarth. 
 

Taxon Disjunction 
Distan

ce 
(km) 

Literature source 

Batocnema-Compsulyx Madagascar-New 
 Caledonia 

2000  Timmermans et al. (2019)

Compuly-Protambulyx New Caledonia-S. 
 America

12000  Timmermans et al. (2019)

Paleosetidae  Taiwan-Colombia 16400  Kristensen & Nielsen (1994)
Arrhenophanidae Australia-northern S. 

 America
14500  Davis (2003)

South East Asia Triodini-
 Parades/Euryades

Solomons-northern S. 
 America

13000  Grehan (2019)

Pharmacophagus-South 
 East Asia Triodini

 Madagascar-India 3800  Grehan (2019)

 Dudgeonea (Dudgeonidae)  Madagascar-Himalayas 5800  Schulze & Fiedler (1996)
 Dismorphiinae (Pieridae)  Japan-Central America 10700 Braby et al. (2006); Llorente-Bousquets 

 & Castro-Gerardino (2018)
Castniidae Australia-South America 13000 Vinciguerra (2008); González et al. (2019) 
Euptychiina  
(Nymphalidae) 

N America-China  Peña et al. (2010) 

Neopseustidae   Chile-Taiwan 18000  Davis (1975)
Parnara (Hesperiidae)  Madagascar-Sumatra 5500 Williams (2020); Huang et al. (2019); 

 Chiba & Eliot (1991).
Callidulidae  Madagascar-India 3800  Minet (1989)
Coenonymphina subclade 
(Nymphalidae) 

 Australia-Colombia 13000  Heads et al. (2023)

Xanadoses-Scyrotis/ 
Ptisanora (Cecidosidae) 

 New Zealand-South Africa 10000  Hoare & Dugdale (2003)

Orthomecyna- Miyakea 
(Pyralidae) 

 China-Hawaii  8000 Léger et al. (2019) 

Palaephatidae  New Zealand-Chile 8000  Davis (1986)
Actinote-Telchinia 
(Nymphalidae) 

South America-Africa 3000 Williams & Henning (2023) 

Vanessa tameamea - 
Vanessa atalanta 
(Nymphalidae) 

 Hawaii-North America 3600  Wahlberg & Rubinoff (2011)

Imma (Immidae) South America-Africa 3000 Heppner (1982) 
Siga-Eporidia (Crambidae) South America-Africa 3000 Mally et al. (2019) 

 
Comparative evidence 

The disjunct pattern of Ambulycini and Hyles is indeed far from exceptional. An almost identical 
distribution is found in the plant genus Acridocarpus (Malpighiaceae), with sister species present in 
New Caledonia and Madagascar/Mauritius (Fig. 3). A tectonic mechanism for this disjunction was 
precluded by Davis et al. (2002a) who converted a minimum fossil calibrated age of 63 Ma to 
justify chance dispersal from Africa to Madagascar, then across the Indian Ocean to New Caledonia 
~15-8 mya (Davis et al. 2002b, Guesdon et al. 2019, da Costa Santos et al. 2023). As with the 
hawkmoth study, the centre of origin and chance dispersal brought little clarity, only a 'perplexing' 
biogeographic questions about 'discordant' elements (meaning the relationships do not make any 
sense to the authors). 
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Fig. 3. Distribution and phylogeny of Acridocarpus and its sister genus Brachylophon. 
From Davis et al. (2002b, 2010). 
 
A vicariance origin for Acridocarpus and its sister group Brachylophon is consistent with allopatry 
of the four principal clades, and does not require speculations on unobserved chance dispersal 
events (Heads 2014a). An initial divergence occurred between Brachylophon and the ancestor of  
Acridocarpus. Within Acridocarpus, the African clade (clade 3) separated from the common 
ancestor of the Madagascar/Mauritius and New Caledonia species. The only evidence of geographic 
dispersal is the distributional overlap of two subclades (not shown here) within the African range. 
The phylogenetic break between the African and New Caledonia/Madagascar clades is at the 
Mozambique Channel, which has a tectonic age of about 145 Ma (Phethean et al. 2016, Dasgupta & 
Mukherjee 2017). 
 
A mainland African connection to New Caledonia is seen in the genus Cunonia (Cunoniaceae) 
present in New Caledonia and the Western Cape region of South Africa only (Fig. 4). The 
immediate sister group of Cunonia is the New Caledonian endemic genus Pancheria (clade 2), 
followed by a widespread clade (clade 3 + 4) extending between the western Pacific and 
Madagascar, overlapping with Cunonia only at New Caledonia. These taxa are collectively the 
sister group to Weinmannia section Weinmannia (clade 5) in the New World and the Indian Ocean 
islands of Mauritius. The 'basal' sistergroup of all these clades is Vesselowskya of central-eastern 
Australia. 

 

 
Fig. 4. Distribution of tribe Cunonieae (Cunoniaceae). Clades: 1 – Cunonia, 2 – Pancheria, 3 –  Weinmannia 
sections Inspersae Spicatae,  Leiospermum, 4 –  Pterophylla section Fasciculatae, 5 –  Weinmannia section 
Weinmannia, 6 – Vesselowskya. Distribution from Heads (2010), phylogeny from Pillon et al. (2021). 
 
Pillon et al. (2021) attributed the distribution of Cunonieae to chance dispersal from a centre of 
origin in Australia/New Guinea/New Caledonia derived from ancestral area analysis. As noted by 
Heads (2012), this would require a convoluted series of improbable 10,000-km-long dispersal 
events. The New World-Mauritius disjunction (clade 5) was characterized by Pillon et al. (2021) as  
perhaps one of the most intriguing dispersal events known, but did not explain why. That this 
'intriguing' relationship also occurs in the palm tribe Chamaedoreeae was considered noteworthy, 
but elicited no further insight. And the sister species of Dietes in eastern Africa and Lord Howe 
Island east of Australia was also considered worthy of mention, but again without additional clarity. 
A centre of origin was found for the Cunonieae because the idea was built into the ancestral area 
analysis (e.g. BioGeoBears). The centre of origin and chance dispersal model failed to provide any 
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coherent insight into why the the principle clades Cunonieae (1+2, 3+4, 5, 6) are globally allopatric, 
other than at New Caledonia. In contrast to the lack of biogeographic clarity based on improbable 
chance events, a vicariance differentiation sequence for the Cunonieae is uncomplicated. The 
ancestral Cunonieae has differentiated around two principle evolutionary centres (or nodes): the 
southwestern Pacific, and southwestern Indian Ocean, resulting in a phylogeny that gives the 
appearance of repeated long-distance dispersal jumps (Heads 2012).  
 
As noted by Pillon et al. (2021), the genus Dietes includes a sister species relationship between 
Lord Howe Island, and East Africa (Fig. 5). The next sister group is a clade of three genera 
(Bobartia, Ferraria, and Moraea) distributed across much of sub-Saharan Africa, the 
Mediterranean and central Asia. Goldblatt (1981) regarded this to be one of the “puzzles” of plant 
geography. Downing et al. (2020) thought the Lord Howe Island species to be a “biogeographical 
enigma” for which long distance (chance) dispersal was the only 'reasonable' explanation. 
Presumably the same 'reasonable' explanation would be required for the daisy Lordhowea 
(Asteraceae) of Lord Howe Island/eastern Australia that is disjunct from its South African sister 
group Phaneroglossa (cf. Heads 2014a, Schmidt-Lebuhn et al. 2020).  
 

 
Fig. 5. Distribution of Dietes (blue outline) and its sister group (red outline) comprising Bobartia, Ferraria, 
Moraea. Distribution of Dietes from Goldblatt (1981), sister group generalized from description in Goldblatt et al 
(2008) and GBIF. 
 
Goldblatt et al. (2008) proposed an Antarctic-Australasia centre of origin for Iridaceae based on the 
presence of basal clades in Australasia. As with previous examples, no evidence was offered for 
correlating basal clade location with a centre of origin. The estimated age of Dietes was given as 
~45 Ma, but this fossil calibrated estimate is a minimum age only. The geological age of Lord 
Howe Island is about 9 Ma, whereas Dietes could have persisted in the region for tens of millions of 
years, as a metapopulation occupying former islands in the region from Mesozoic time (cf Heads 
2014a). Disjunctions between the western Pacific and Africa/Madagascar are not confined to small  
islands. In the tribe Ceroxyleae, the palm genus Oraniopsis occupies a small, 'island-like' area of 
continental Australia (Fig. 6). It is geographically disjunct from Ravenea in Madagascar, but the 
immediate sister group is Ceroxylon of the northern Andes and Juania of the Juan Fernandez 
islands (Trénel et al. 2007). These genera together form the sister group of Ravenea in Madagascar 
and Comoros. Further basal lineages are located in the Caribbean and South America (Fig. 6).  
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Fig. 6. Distribution and phylogenetic sequence of Ceroxyleae palms (from Trénel et al. 2007). 
 
For the Ceroxylaceae, Trénel et al. (2007) explicitly agreed with Heads (2005) that fossil calibrated 
nodes must always be recognized as minimum ages, and then rejected this reality because a 
Gondwana tectonic calibration would render an age of 245-172 Ma for the Ceroxyloideae. But this 
objection only applies if the molecular clock rate is constant throughout the existence of a taxon. 
The basal phylogenetic break in the Ceroxyleae is located between the Yucatan-Antillean arc 
(Pseudophoenix) and northern South America. This phylogenetic break corresponds to the Late 
Cretaceous insertion of the Greater Antillean arc between North and South America (Barrera-Lopez 
et al. 2022). The western boundary of Ceroxyleae corresponds to the 145 Ma age separation of 
Madagascar through opening of the Mozambique channel. These tectonically correlated ages are 
not precluded by fossil calibrated divergence estimates because they represent minimum clade ages 
only. 
 
Indian Ocean disjunctions are so numerous as to be almost beyond count (Croizat 1958, 1968, Craw 
et al. 1999, Heads 2010, 2014a,  Parenti & Ebach 2013). The Compsulyx-Batocnema disjunction 
only stands out because New Caledonia is a small area that is geographically isolated from the 
Indian Ocean by continental Australia. The spatial relationships and distributional boundaries 
represented by the New Caledonia, Lord Howe Island, and Queensland disjunctions are repeated 
with more widely distributed taxa such as the Hybanthus group of violets (Violaceae) with a clade 
distributed in Africa, India, southeastern Asia, Australia, and New Caledonia (Fig. 7). This clade 
(clade 1) is allopatric to its sister group other than New Caledonia (cf. Cunonieae in Fig. 4), and 
central-eastern Australia, and yet the sister group is widespread across other regions of the West 
Pacific, Hawaii, and the New World. The Australian overlap corresponds to a major biogeographic 
boundary and centre of diversity known as the MacPherson/Macleay overlap, (Heads 2014a, 
Grehan & Mielke 2018, Heads et al. 2023). This node is located at the Clarence Moreton Basin that 
formed by Late Triassic to Early Cretaceous time. Closure of this basin could have been responsible 
for the local overlap between clades 1 and 2 by normal ecological dispersal. 
 
A similar distribution range and pattern of allopatry occurs in the lizard genus Cryptoblepharus 
(Fig. 8). An East Africa/Madagascar/Mauritius and Australia/southeastern Asia/New Caledonia 
clade is allopatric to a trans-Pacific clade with the boundary occurring between Fiji, Solomon 
Islands, and Micronesia (Grehan 2021). There is no dispersal 'barrier' at the phylogenetic break 
between the two clades. Rather, the break occurs at the boundary of Indian Ocean and Pacific 
tectonic basins. 
 
Tectonic details 
Centre of origin and chance dispersal approaches overlook details of distribution that are 
tectonically pertinent. The hawkmoth sister group of the Compsulyx-Batocnema clade is not to be 
found in the nearby Asian clades, but across the Pacific in the New World (Protambulyx). The next 
sister group is another New World clade before the initial divergence of the East Asian clade (5 + 
6). No wonder Timmermans et al. (2019) found themselves confronted with 'complex scenarios' for 
chance dispersal. In a vicariance context, the phylogeny represents sequences of local 
differentiation that are now disjunct across the Pacific basin. 
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Fig. 7. Distribution of principal lineages of the 'Hybanthus' (Violaceae) group. The Indian Ocean clade (1) is 
represented in New Caledonia and is the sister group of a trans-Pacific group (2, 3, 4) with two potential 
alternative relationships for clade 2. Simplified from Heads (2010: fig. 13). 
 
The Pacific region includes endemic groups, allopatric distributions, allopatric mainland sister 
groups, and trans-Pacific disjunctions (Heads 2012, 2014a, Heads & Grehan 2021). These 
biogeographic features are consistent with widespread ancestral ranges fragmented by Pacific plate 
expansion. Convergence of Indian and Pacific Ocean taxa is often found between Southeast Asia 
and Australasia, a region well known for a melding of island arcs, continental fragments, and large, 
igneous plateaus with sub-aerial islands (Heads 2012). Within this region of convergence, 
Hybanthus of New Caledonia marks the intersection between an Indian Ocean clade (clade 1) with 
a trans-Pacific clade (clade 4). Clade 4 also occurs in Fiji and New Guinea which are located along 
a former subduction zone (Vitiaz Arc). Between Fiji and New Guinea, some islands were displaced 
south by expansion of the North Fiji Basin ~10 Ma (Fig. 9). One result was for a portion of the 
Pacific clade along the Vitiaz arc being brought into contact with the Indian Ocean clade in New 
Caledonia. This geographic and tectonic relationship with the Vitiaz Arc is seen in various other 
western Pacific taxa (Heads 2014a, 2023, Grehan & Mielke 2020, Ferguson et al. 2023), and cannot 
be scientifically dismissed  as uninformative 'chance'. 
 

 
Fig. 8  Distribution of Cryptoblepharus lizards (Scincidae). Clades indicted by red and blue outlines. See Grehan 
(2021) for details. 
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Fig. 9. Conceptual model of how the trans-Pacific Hybanthus clade (red outline) originally ranging along the 
Vitiaz Arc (a) is partially displaced south by expansion of the North Fiji basin (b), resulting in overlap with the 
Indian Ocean clade (blue line) in New Caledonia. Green arrows - direction of plate movement. EVA = extinct 
Vitiaz arc. Dark grey shading – magmatic plateaus. Tectonic model modified from Heads (2014a). 
  
By the late Cretaceous time, ~77 Ma, terrestrial environments on or around what is now New 
Caledonia were geographically isolated from the rest of East Gondwana by extensive marine 
incursion (Strogen et al. 2024). Some biogeographers have proposed complete submergence of  
New Caledonia prior to 37 Ma, and that its biota must be of recent origin, but there is no single 
marine stratum across all, or even most of the island. Even if large portions of New Caledonia were 
submerged at any one time, there is no geological evidence to exclude the continuous presence of 
small islands in this region. New Caledonia is surrounded by submerged islands, including flat-
topped seamounts representing former islands eroded by wave action to sea level before subsiding 
below sea level (Heads 2010, 2023). In this geological context, the Ambulycini hawkmoths and 
other taxa could survive from Mesozoic time as metapopulations by sequentially colonizing 
multiple islands, especially those that would have existed along the New Caledonia subduction 
zone.  
 
The presence of Cryptoblepharus, Cunonieae, and Acridocarpus on Mauritius might be regarded as  
recent arrivals from other regions as the island is geologically young at ~9-8 Ma (Paul et al. 2007, 
Ashwal et al. 2017). However, as with New Caledonia, the inhabitants of the Mauritius could 
represent long-term metapopulation persistence from Mesozoic time. The Mauritius is part of a 
hotspot track extending between Réunion and the Deccan Large Igneous Province of India that 
formed ~65 Ma. Mauritius is underlain by a continental fragment that Ashwal et al. (2017) argued 
was originally wedged between Madagascar and India until 90-85 Ma (Fig. 10a) when the Marion 
Plume (now represented by Réunion island) covered much of Madagascar with flood basalts. This 
region broke apart and the fragments were tectonically displaced to their current positions (Fig. 
10b).  
 
Volcanic activity along the hotspot track from 90 Ma to the present would result in a series of 
sequential islands at or near Mauritius that could support metapopulations of Mesozoic biota long 
after continental displacement (see Heads & Grehan 2021 for the Galapagos as a comparable 
example). Even classically 'oceanic' islands such as Hawaii can support ancient life surviving within 
the Pacific on a multitude of former islands now evident as submerged seamounts in the Hawaiian 
region (Heads 2012: fig. 7-2). These metapopulations were part of ancestral ranges sometimes 
extending across both the Pacific and Indian ocean regions (such as (Hybanthus and  
Cryptoblepharus). The ancestral ranges (established by normal ecological dispersal) were 
subsequently displaced or disrupted by tectonic extension (seafloor spreading) and convergence (at 
subduction zones). 
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Fig. 10. Conceptual model for the location of East Indian Ocean islands and seamounts (orange outline) between 
Madagascar and India at 90 Ma (a) and their current location resulting from tectonic displacement (b). Modified 
from Ashwal et al. (2017). 
 
Allopatric sister taxa disjunct across the Indian Ocean may be the result of single fragmentation 
event, but a more complex history is indicated by the distribution of Cunoniae where there is a 
'layering' of parallel arcs across the Indian Ocean and Western Pacific (Heads 2012). A northern arc 
comprises clades 3 and 4 between Madagascar and the western-central Pacific. Next is the Cononia 
clade (1 + 2) of southern Africa and New Caledonia, followed by clade 5 of the New World and 
Mauritius, and lastly clade 6 of the Macleay-McPherson Overlap (Fig. 4). Parallel arcs are found in 
many taxa, and cannot be coherently explained by appealing to chance dispersal, or to a single 
fragmentation model (Heads 2012). The Cunoniae pattern conforms to a process of sandwiching 
different clades together by displacement of Gondwana terranes moving north across the Tethys 
Ocean and accreting to southern Laurasia (Fig. 11). 
 
Absence of Indian Ocean taxa from Australia may be the result of extinction, and this is sometimes 
evident by the presence of fossil relatives such as 'Weinmannia' in Australia where this genus is 
now absent. But it is also possible for some African-western Pacific taxa to have 'bypassed' most or 
all of Australia as suggested for Acridocarpus by Heads (2014a). This could occur with ancestral 
ranges that extended across East Antarctica, resulting in a fragmented range for the Indian Ocean 
Ambulycini hawkmoths that does not include Australia (Fig. 12). This model is not the centre of 
origin-chance dispersal theory that treats Antarctica as a chance dispersal land-bridge. Instead, it 
recognizes the continent was host to an ancestral biota with widespread distributions over parts of  
southern Gondwana. 
 
Vicariance or centres of origin and chance dispersal? 
Acceptance of centre of origin-chance dispersal biogeography in many Lepidoptera studies is not 
proof of its ability to provide coherent and consistent reconstructions. For the examples discussed 
here, there is a smorgasbord of 'unclear' and 'complex scenarios’, 'enigmas', 'discordant elements’, 
and 'discrepancies'. The biogeographer is left with 'perplexing' questions and 'puzzles'. Ancestral 
areas analysis provides the appearance of authenticity by obscuring or ignoring the fact that 
paraphyletic area relationships that generate sequential dispersal can also be the result of sequential 
vicariance (Heads et al. 2023). Phylogeny is not biogeography, even if Lepidoptera studies continue 
to assume otherwise (e.g. Taberer 2023). 
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Fig 11. Generalized conceptual map of tectonic displacement along northeastern Gondwana showing separation 
and northern movement of portions of Southeast Asia ~130 Ma. Modified from Van de Lagemaat et al. (2024). 
 
There is no empirical evidence for identifying a centre of origin where the basal sister group is 
found, either for Ambulycini hawkmoths or any of the other taxa presented here. This is only one of 
13 (sometimes contradictory) arbitrary criteria that have been invented for identifying an imagined 
centre of origin. According to Cain (1943), the assumptions involved have, in many instances, “so 
thoroughly permeated the science of [bio]geography and have so long been a part of its warp and 
woof that students in the field can only with difficulty distinguish fact from fiction.”  
 
Chance dispersal explanations are given the appearance of credibility where molecular divergence 
estimates represent a transmogrification of minimum ages into estimates that are represented as 
actual (often as a mean value with a probability range) or maximal ages. This conversion involves 
transmogrification because it involves changing one thing (a minimum age) into something else 
(actual or maximum age). Transmogrification is necessary because fossil or island calibrated ages 
can only be minimum estimates since fossil or island ages provide only minimum ages. Fossil ages 
give the age of the oldest fossil, not necessarily the oldest age of the taxon, and island ages may 
represent an underestimate due to covering of older strata, or the taxon may originate on an older 
former island in the  vicinity. Under these empirical circumstances, statistical constraints used in 
many studies cannot empirically constrain the upper age limit of a taxon (Heads 2005, 2012, 
2014a,b, 2017; Nelson & Ladiges 2009; Parenti & Ebach, 2013; Parenti 2017; Heads & Grehan 
2021; Heads et al. 2023; Mahlfeld & Parenti 2023). Calibrations using multiple biogeographic 
events provide an independent estimation of actual (rather than minimum) phylogenetic age to those 
based solely on fossil or fossil calibrated extrapolations (see Heads 2012, Heads et al. 2023 for 
Coenonymphina butterflies). Arguments that molecular clock extrapolations of tectonic correlations 
may render impossibly old estimates for higher taxa are not sustainable because a universal linear 
relationship between molecular divergence and time is not to be expected, even by molecular clock 
theorists (e.g. Bromham & Penny 2003). And rate changes may occur both at phylogenetic nodes 
and along branches (Bromham 2017). At best, the molecular clock may be considered as extremely 
relaxed and very local so that upper age limits cannot be imposed from fossil or island age 
calibrations (Heads 2012). Bromham (2006) doubted whether molecular clocks could ever be 
trusted at all. The phylogenetic and geographic approach outlined here (panbiogeography) utilizes 
the results of molecular studies with the caveat that calibrations render minimum ages only (as 



ZooNova 33: 1-18     Vicariance or Chance Dispersal, Disjunction of Ambulycini Hawkmoths     Grehan & Nielsen 2024 

 12 

sometimes admitted, even if inconsistently, by molecular biogeographers), and that ancestral area 
analysis may generate artificial vicariance or chance dispersal events.  
 

 
Fig. 12. Conceptual illustration of widespread ancestral range (blue outline) of taxa such as Acridocarpus and 
Ambulycini hawkmoths connecting Madagascar and New Caledonia via East Antarctica. Australia may be 
marginally occupied or bypassed. Model modified from Heads (2014a). 
 
Reliance on fossil or island calibrated molecular clocks has widely led to a premature erasing of 
vicariance-based explanations rather than encouraging investigations into why molecular clock 
dated phylogeny conflicts with vicariance analysis (Marinov 2015, Mahlfeld & Parenti 2023). 
Centre of origin-chance dispersal molecular studies cannot provide coherence in biogeography 
because everything is reduced to 'chance' (Heads 2014b). Because everything is chance, the actual 
geography of clades is not seen as informative, other than as a few artificial area units plugged into 
vicariance-dispersal programs. It is as if the real geography of distribution is the enemy of 
biogeography. And centre of origin-chance dispersal biogeography requires little effort. There is no 
need to understand geology and tectonics, or understand how any one taxon distribution may be 
related to any other in general (Heads 2014b). The assumption of long-distance dispersal was 
described by Cain (1944: 305-306) as a careless and easy way out of a difficult problem and it leads 
to fanciful and even ridiculous conclusions. Crisp et al. (1999) considered some Indian Ocean 
disjunctions, including Cunonia, and Dietes, to be rather bizarre and unique inexplicable events. 
And yet decades earlier, Good (1950) realized that the New Caledonia-Madagascar relationship 
required explanations better than chance or coincidence alone. Very soon after, Croizat (1952) gave 
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substance to this assertion by showing how the biogeography of New Caledonia was integrated with 
the global phylogenetic and geographic structure of life. 
 
The idea that trans-oceanic chance dispersal is plausible for disjunct hawkmoths appears to be 
exemplified by long-distance migratory species and other species with very wide distribution 
ranges. But this conflation of flight ability and the origin of disjunct allopatry is ecologically 
problematic. Hawkmoths are similar to hummingbirds in that they are both extremely agile, swift 
fliers and hover over flowers to feed. The morphology of adult hawkmoths is reminiscent of a 
fighter jet, with a low surface area to weight ratio that lends itself to speed and agility. This in turn 
means the moths have high metabolic requirements and must feed very regularly. Migratory species 
may cover very long distances, but they need to feed regularly enough by recognizing multiple 
flower sources as a consequence of meeting their energy demands (Stöck & Kelber 2019). These 
energetic and ecological requirements are not conducive to trans-Indian Ocean dispersal events. 
 
The Madagascar-New Caledonia disjunction of the Ambulycini hawkmoths is fully consistent with 
allopatric divergence within the range of a widespread ancestor. This is falsified neither by 
calibrated divergence estimates that represent minimum ages of taxa, nor by ancestral areas analysis 
that rely on non-empirical chance dispersal between non-empirically existent biogeographic areas. 
The fact that Ambulycini biogeography is consistent with the biogeography of plant and animal life 
in general is empirical evidence that the geographic and phylogenetic origin of this hawkmoth 
group is not an accident of chance. Rather, it is an integral part of the global structure of 
biodiversity biodiversity (cf. Grehan 2021). There is no evidence that Compsulyx ever left 
Madagascar to fly to New Caledonia. For these moths, a biogeographic explanation of Earth and 
Life evolving together is a more compatible explanation for their current distribution given their 
biogeographic context and energetically expensive ecology, rather than an implausible chance 
dispersal event over vast areas of ocean in the absence of food resources.  
 

Acknowledgments 
We are grateful to Ulf Buchsbaum (Zoologische Staatssammlung München, Germany), Jorge 
Gonzalez  (University of Florida, Gainesville, Florida, USA), Ian Kitching (Natural History 
Museum, London, UK), Théo Léger (Museum fuer Naturkunde Berlin, Germany), Greg Pohl 
(Natural Resources Canada, Edmonton, Alberta, Canada), Rodolphe Rougerie (Muséum National 
d'Histoire Naturelle, Paris, France), and Thierry Salesne (New Caledonia) for information during 
development of this article. We thank Jeremy Holloway (Natural History Museum, London, UK), 
Lynne Parenti (National Museum of Natural History, Washington DC, USA), Karin Mahlfeld and 
Frank Climo (Openlabnz, Wellington, New Zealand), and two anonymous reviewers for feedback. 
 

References 
Ashwal, L.D., Wiedenbeck, M. & Torsvik, T.H. 2017. Archaean zircons in Miocene oceanic 

hotspot rocks establish ancient continental crust beneath Mauritius. Nature 
Communications 8: 14086. 

  https://doi.org/10.1038/ncomms14086  
Barrera-Lopez, C.V., Mooney, W.D. & Kaban, M. 2022. Regional geophysics of the Caribbean 

and northern South America: Implications for tectonics. Geochemistry, Geophysics, 
Geosystems 23: e2021GC010112. 

 https://doi.org/10.1029/2021GC010112  
Beck, J., Kitching, I.J. & Linsenmair, K.E. 2006. Measuring range sizes of South-East Asian 

hawkmoths (Lepidoptera: Sphingidae): effects of scale, resolution, and phylogeny. Global 
Ecology and Biogeography 15: 339-348. 

 https://doi.org/10.1111/j.1466-822X.2006.00230.x  



ZooNova 33: 1-18     Vicariance or Chance Dispersal, Disjunction of Ambulycini Hawkmoths     Grehan & Nielsen 2024 

 14 

Braby, M.F., Vila, R. & Pierce, N.E. 2006. Molecular phylogeny and systematics of the Pieridae 
(Lepidoptera: Papilionoidea): higher classification and biogeography. Zoological Journal 
of the Linnean Society 147: 239–275. 

 https://doi.org/10.1111/j.1096-3642.2006.00218.x  
Bromham L. 2006. Into focus, molecular dates for the Cambrian explosion: Is the light at the end 

of the tunnel an oncoming train? Palaeontologia Electronica 9: Issue 1.2E:3pp. 
Bromham, L. 2017. Six impossible things before breakfast: assumptions, models, and belief in 

molecular dating. Trends in Ecology and Evolution 2499: 1–13. 
 https://doi.org/10.1016/j.tree.2019.07.015  
Bromham L. & Penny, D. 2003. The modern molecular clock. Nature Reviews 4: 216-224. 
 https://doi.org/10.1038/nrg1020  
Cain, S.A. 1943. Criteria for the indication of centre of origin in plant geographical studies. 

Torreya 43: 132–154. 
Cain, S.A. 1944. Foundations of Plant Geography. Harper and Brothers, New York. 556 pp. 
Chiba, H. & Eliot, J.N. 1991. A revision of the genus Parnara Moore (Lepidopera, 

Hesperiidae),with special reference to the Asian species. Tyô to Ga 43: 179–194. 
Craw, R.C., Grehan, J.R. & Heads, M.J. 1999. Panbiogeography: Tracking the history of life. 

Oxford University Press, New York. 229 pp. 
Crisp, M.D., West, J.G. & Linder, H.P. 1999. Biogeography of the terrestrial flora. In: A.E. 

Orchard (Ed.), Flora of Australia Vol 2. 2nd edition. Australian Biological Resources 
Study/CSIRO, Canberra,  pp 321-367. 

Croizat, L. 1952. Manual of Phytogeography. Junk, The Hague. 587 pp. 
Croizat, L. 1958. Panbiogeography. Published by the Author, Caracas. 2755 pp. 
Croizat, L. 1968. The biogeography of the tropical lands and islands east of Suez-Madagascar: 

with particular reference to the dispersal and form-making of Ficus L., and different other 
vegetal and animal groups. Istituto Botanico della Universita Laboratorio Crittogamico 
Pavia. Serie 6, 4: 1-400. 

da Costa Santos, J.V., Guesdon, I.R., Amorim, A.M.A. & Meira, R.M.A.S. 2023. Does leaf 
morphoanatomy corroborate systematics and biogeographic events in the Paleotropical 
genus Acridocarpus (Malpighiaceae)? South African Journal of Botany 163: 262–274. 

 https://doi.org/10.1016/j.sajb.2023.10.023  
Darwin, C. 1859. The origin of species by means of natural selection. John Murray, London. 502 

pp. 
Dasgupta, S. & Mukherjee, S. 2017. Brittle shear tectonics in a narrow continental rift:  
 Asymmetric nonvolcanic barmer basin (Rajasthan, India). The Journal of Geology 125:  

561-591. 
 https://doi.org/10.1086/693095 
Davis, C.C., Bell, C.D., Mathews, S. & Donoghhue, M.J. 2002a. Laurasian migrations explains 

gondwanan disjunctions: evidence from Malpighiaceae. Proceedings of the National 
Academy of Sciences of the United States of America 10: 6833–6837. 

 https://doi.org/10.1073/pnas.102175899  
Davis, C.C., Bell, C.D., Fritsch, P.W. & Mathews, S. 2002b. Phylogeny of Acridocarpus-

Brachylophon (Malpighiaceae): implications for Tertiary tropical floras and Afroasian 
biogeography. Evolution 56: 2395–2405. 

 https://doi.org/10.1111/j.0014-3820.2002.tb00165.x  
Davis, D.R. 1975. Systematics and zoogeography of the family Neopseustidae with the proposal of 

a new superfamily (Lepidopter: Neopseustoidea). Smithsonian Contributions to Zoology 
210: 1–45. 

 https://doi.org/10.5479/si.00810282.210  
Davis, D.R. 1986. A new family of monotrysian moth from austral South America (Lepidoptera: 

Palaephatidae), with a phylogenetic review of the Monotrysia. Smithsonian Contributions 
to Zoology 434: 1–202. 



ZooNova 33: 1-18     Vicariance or Chance Dispersal, Disjunction of Ambulycini Hawkmoths     Grehan & Nielsen 2024 

 15 

 https://doi.org/10.5479/si.00810282.434  
Davis, D.R. 2003. A monograph of the family Arrhenophanidae (Lepidoptera: Tineoidea). 

Smithsonian Contributions to Zoology 620: 1–80. 
 https://doi.org/10.5479/si.00810282.620  
Davis, C.C. & Anderson, W.R. 2010. A complete generic phylogeny of Malpigaceae inferred 

from nucleotide sequence data and morphology. American Journal of Botany 97: 2031-
2048. 

 https://doi.org/10.3732/ajb.1000146 
Downing, A., Atwell, B., Meagher, D. & Downing, K. 2020. Dietes robinsoniana Lord Howe 

Island wedding lily: A biogeographical enigma. Macquarie University. 3 pp. 
https://bio.mq.edu.au/wp-content/uploads/2020/09/Plant-of-the-week-Dietes-robinsoniana-
Biogeographical-enigma-1.pdf. Last accessed January 20, 2024. 

Ferguson, D.G., Marinov, M., Saxton, N.A., Rashni, B. & Bybee, S.M. 2023. Phylogeny and 
classification of Nesobasis Selys, 1891 and Vanuatubasis Ober & Staniczek, 2009 
(Odonata: Coenagrionidae). Insect Systematics & Evolution 54(5): 555-572. 

 https://doi.org/10.1163/1876312x-bja10049 
Good, R. 1950. Madagascar and New Caledonia. A problem in plant geography. Blumea 6: 470–

479. 
Goldblatt, P., Rodriguez, A., Powell, M. P., Jonathan Davies, T., Manning, J.C., van der 

Bank, M. & Savolainen, V. 2008. Iridaceae ‘Out of Australasia’? 
Phylogeny,biogeography, and divergence time based on plastid DNA sequences. 
Systematic Botany 33: 495-508. 

 https://doi.org/10.1600/036364408785679806  
Goldblatt, P. 1981. Systematics, phylogeny and evolution of Dietes (Iridaceae). Annals of the 

Missouri Botanical Garden 68: 132–153. 
 https://doi.org/10.2307/2398817  
González, J.M., López G., B., Huerta, J.P. & Miller, J. 2019. A new genus of Castniinae 

(Lepidoptera Castniidae) with comments on comparative morphology and bionomics of its 
assigned species. Zootaxa 1668: 089-104. 

 https://doi.org/10.11646/zootaxa.4668.1.5  
Grehan, J.R. 2019. Vicariance and ecological dispersal in Papilio subgenus Achillides 

(Papilionidae) and some other butterflies of Asia and the Southwest Pacific. Biogeographia 
34: 101-17. 

 https://doi.org/10.21426/B634044321  
Grehan, J.R. 2021. The real world structure of biodiversity illustrated by the biogeography and 

systematics of some plants, lizards, birds, and dragonflies. ZooNova 14: 1–12. 
 https://doi.org/10.5281/zenodo.5608835  
Grehan, J.R. & Mielke, C.G.C. 2018. Evolutionary biogeography and tectonic history of the ghost 

moth families Hepialidae, Mnesarchaeidae, and Palaeosetidae in the Southwest Pacific 
(Lepidoptera: Exoporia). Zootaxa 415: 243-275. 

Grehan, J.R. & Mielke, C.G.C. 2020. Taxonomic revision and biogeography of Phassodes 
Bethune-Baker, 1905 (Lepidoptera: Hepialidae), ghost moth descendants of a subduction 
zone weed in the South-West Pacific. Bishop Museum Occasional Papers 136: 1-37. 

Guesdon, I.R., Amorim A.M. & Meira, R.M.S.A. 2019. Functional role and evolutionary 
contributions of floral gland morphoanatomy in the Paleotropical genus Acridocarpus 
(Malpighiaceae). PLoS ONE 14(9): e0222561. 

 https://doi.org/10.1371/journal.pone.0222561  
Heads, M. 2005. Dating nodes on molecular phylogenies: a critique of molecular biogeography. 

Cladistics 21: 62-78. 
 https://doi.org/10.1111/j.1096-0031.2005.00052.x  
Heads, M. 2010. Biogeographical affinities of the New Caledonian biota: a puzzle with 24 pieces. 

Journal of Biogeography, 37(7) 1179-1201. 



ZooNova 33: 1-18     Vicariance or Chance Dispersal, Disjunction of Ambulycini Hawkmoths     Grehan & Nielsen 2024 

 16 

 https://doi.org/10.1111/j.1365-2699.2010.02311.x  
Heads, M. 2012. Molecular panbiogeography of the tropics. University of California Press,  

Berkeley. 562 pp. 
 https://doi.org/10.1525/california/9780520271968.001.0001  
Heads, M. 2014a. Biogeography of Australasia: A molecular analysis. Cambridge University 

Press, New York. 493 pp. 
 https://doi.org/10.1017/CBO9781139644464  
Heads, M. 2014b. Biogeography by revelation: investigating a world shaped by miracles. 

Australian Systematic Botany 27: 282-305. 
 https://doi.org/10.1071/SB14038  
Heads, M. 2017. Metapopulation vicariance explains old endemics on young volcanic islands. 

Cladistics 34: 292–311. 
 https://doi.org/10.1111/cla.12204  
Heads, M. 2023. Methods in molecular biogeography: The case of New Caledonia. Journal of 

Biogeography 50: 1437-1453. 
 https://doi.org/10.1111/jbi.14600 
Heads, M. & Grehan, J.R. 2021. The Galápagos Islands: biogeographic patterns and geology. 

Biological Reviews 96: 1160-1185. 
 https://doi.org/10.1111/brv.12696  
Heads, M., Grehan, J.R., Nielsen, J. & Patrick, B. 2023. Biogeographic–tectonic calibration of 

14 nodes in a butterfly timetree. Cladistics 39: 293-336. 
 https://doi.org/10.1111/cla.12537  
Heppner, J.B. 1982. Review of the family Immidae, with a world checklist (Lepidoptera: 

Immoidea).  Entomography 1: 257-279. 
Hoare, R.J.B. & Dugdale, J.S. 2003. Description of the New Zealand incurvarioid Xanadoses  

nielseni, gen. nov., sp. nov. and placement in Cecidosidae (Lepidoptera). Invertebrate 
Systematics 17: 47–57. 

 https://doi.org/10.1071/IS02024  
Huang, Z., Chiba, H., Guo, D., Yago, M., Braby, M.F., Wang, M. & Fan, X. 2019. Molecular 

phylogeny and historical biogeography of Parnara butterflies (Lepidoptera: Hesperiidae. 
Molecular Phylogenetics and Evolution 139: PMID: 31254614. 

 https://doi.org/10.1016/j.ympev.2019.106545  
Hundsdoerfer, A.K. & Kitching I.J. 2020. Ancient incomplete lineage sorting of Hyles and 

Rhodafra (Lepidoptera: Sphingidae). Organisms Diversity & Evolution 20: 527-536. 
 https://doi.org/10.1007/s13127-020-00445-0  
Hundsdoerfer, A.K., Päckert, M., Kehlmaier, C., Strutzenberger, P. & Kiching, I. 2017. 

Museum archives revisited: Central Asiatic hawkmoths reveal exceptionally high late 
Pliocene species diversification (Lepidoptera, Sphingidae). Zoologica Scripta 46: 552-570. 

 https://doi.org/10.1111/zsc.12235  
Hundsdoerfer, A.K., Rubinoff, D., Attié, M., Wink, M. & Kitching, I.J. 2009. A revised 

molecular phylogeny of the globally distributed hawkmoth genus Hyles (Lepidoptera: 
Sphingidae), based on mitochondrial and nuclear DNA sequences. Molecular 
Phylogenetics and Evolution 52: 852-865. 

 https://doi.org/10.1016/j.ympev.2009.05.023  
Kawahara, A.Y. & Barber, J.R. 2015. Tempo and mode of anti-bat ultrasound production and 

sonar jamming in the diverse hawkmoth radiation. Proceedings of the National Academy of 
Science 112: 6407-6412. 

 https://doi.org/10.1073/pnas.1416679112  
Kristensen, N.P. & Nielsen, E.S. 1994. Osrhoes coronata Druce, the New World palaeosetid 

moth: A reappraisal, with description of a new type of female genital apparatus 
(Lepidoptera: Exoporia). Entomologica Scandanavica 24: 391-406. 

 https://doi.org/10.1163/187631293X00181  



ZooNova 33: 1-18     Vicariance or Chance Dispersal, Disjunction of Ambulycini Hawkmoths     Grehan & Nielsen 2024 

 17 

Léger, T., Landry, B. & Nuss, Matthias. 2019. Phylogeny, character evolution and tribal 
classification in Crambinae and Scopariinae (Lepidoptera, Crambidae). Systematic 
Entomology 44: 757-776. 

 https://doi.org/10.1111/syen.12353  
Llorente-Bousquets, J. & Castro-Gerardino, D.J. 2018. Antennal ultrastructure of Leptidea 

Billberg, 1820 (Pieridae: Dismorphiinae: Leptideini) and its taxonomic implications. 
Zootaxa 4402: 401-442.  https://doi.org/10.11646/zootaxa.4402.3.1  

Mahlfeld, K. & Parenti, L.R. 2023. Croizat’s form-making, RNA networks, and biogeography. 
History and philosophy of the life sciences 45: 1-11. 

 https://doi.org/10.1007/s40656-023-00597-0  
Mally, R., Hayden, J.E., Neinhuis, C., Jordal, B.H. & Nuss, M. 2019. The phylogenetic 

systematics of Spilomelinae and Pyraustinae (Lepidoptera: Pyraloidea: Crambidae) 
inferred from DNA and morphology. Arthropod Systematics and Phylogeny 77: 141-204. 

 https://doi.org/10.26049/asp77-1-2019-07 
Marinov, M. 2015. The seven "oddities" of Pacific Ocean Odonata biogeography. Faunistic 

Studies in SE Asian and Pacific Island Odonata 11: 1-58. 
Minet, J. 1989. Nouvelles frontières, géographiques et taxonomiques, pour la famille des 

Callidulidae (Lepidoptera, Calliduloidea). La Nouvelle Revue d'Entomologie 6: 351-368. 
Moulds, M.S., Tuttle, J.P. & Lane, D.A. 2020. Hawkmoths of Australia: Identification, biology 

and distribution. Monographs on Australian Lepidoptera 13: 1-414. 
Nelson, G. & Ladiges, P.Y. 2009. Biogeography and the molecular dating game: a futile revival of 

phenetics? Bulletin de la Société Géologique de France 180: 39-43. 
 https://doi.org/10.2113/gssgfbull.180.1.39  
Paul, D., Kamenetsky, V.S., Hofmann, A.W. & Stracke, A. 2007. Compositional diversity 

among primitive lavas of Mauritius, Indian Ocean: Implications for mantle sources. 
Journal of Volcanology and Geothermal Research 164: 76-94.  

 https://doi.org/10.1016/j.jvolgeores.2007.04.004 
Parenti, L.R. 2017. Raising Cain: On the assumptions that inhibit scientific progress in 

comparative biogeography. In B.I. Crowther & L.R. Parenti (Eds.), Assumptions inhibiting 
progress in comparative biology (pp. 219-234). CRC Press/Taylor and Francis Group. 

 https://doi.org/10.1201/9781315369198-14  
Parenti, L.R. & Ebach, M. 2013. Evidence and hypothesis in biogeography. Journal of 

Biogeography 40: 813-820. 
 https://doi.org/10.1111/jbi.12069  
Peña, C., Nylin, S., Freitas, A.V.L. & Wahlberg, N. 2010. Biogeographic history of the butterfly 

subtribe Euptychiina (Lepidoptera, Nymphalidae, Satyrinae). Zoologica Scripta 39: 243-
258. 

 https://doi.org/10.1111/j.1463-6409.2010.00421.x 
Phethean, J.J.J., Kalnins, L.M., van Hunen, J., Biffi, P.G., Davies, R.J. & McCaffrey. 2016. 

Madagascar's escape from Africa: A high-resolution plate reconstruction for the Western 
Somali Basin and implications for supercontinent dispersal. Geochemistry, Geophysics, 
Geosytems 17: 5036-5055. 

 https://doi.org/10.1002/2016GC006624 
Pillon, Y., Hopkins, H.C.F., Maurin, O., Epitawalage, N., Bradford, J., Rogers, Z.S., Baker, 

W.J. & Forest, F. 2021. Phylogenomics and biogeography of Cunoniaceae (Oxalidales) 
with complete generic sampling and taxonomic realignments. American Journal of Botany 
108: 1181-1200. 

 https://doi.org/10.1002/ajb2.1688 
Schmidt-Lebuhn, A.N., Zeil-Rolfe, I., Lepschi, B. & Gooden, B. 2020. Expansion of Lordhowea, 

and a new genus for scapose, alpine Australian species of Senecioneae (Asteraceae). Taxon 
69: 756-777. 

 https://doi.org/10.1002/tax.12321  



ZooNova 33: 1-18     Vicariance or Chance Dispersal, Disjunction of Ambulycini Hawkmoths     Grehan & Nielsen 2024 

 18 

Schulze, C.H. & Fiedler, K. 1996. First record of the family Dudgeoneidae (Lepidoptera, Ditrysia) 
for Borneo. Tinea 15: 74-77.  

Stöck, A.L. & Kelber, A. 2019. Fuelling on the wing: sensory ecology of hawkmoth foraging.   
Journal of Comparative Physiology A 205: 399-413. 

 https://doi.org/10.1007/s00359-019-01328-2 
Strogen, D.P., Seebeck, H., Hines, B.R., Bland, K.J. & Crampton, J.S. 2024. Palaeogeographic 

evolution of Zealandia: mid Cretaceous to present. New Zealand Journal of Geology and 
Geophysics, 66:3, 528-557. 

 https://doi.org/10.1080/00288306.2022.2115520 
Taberer, T.R. 2023. Assessing the existence of pantropical butterflies: A review of accurate 

taxonomy, biogeography, and life history. Ecological Entomology. 
 https://doi.org/10.1111/een.13306  
Timmermans, M.J.T.N., Daghmoumi, S.M., Glass, D., Hamilton, C.A., Kawahara, A.Y. & 

Kitching, I.J., 2019. Phylogeny of the hawkmoth tribe Ambulycini (Lepidoptera: 
Sphingidae): Mitogenomes from Museum specimens resolve major relationships. Insect 
Systematics and Diversity 3: 1-8. 

 https://doi.org/10.1093/isd/ixz025  
Trénel, P., Gustafsson, M.H.G., Baker, W.J., Asmussen-Lange, C.B., Dransfield, J. & 

Borchsenius, F. 2007. Mid-Tertiary dispersal, not Gondwanan vicariance explains 
distribution patterns in the wax palm subfamily (Ceroxyloideae: Arecaceae) Molecular 
Phylogenetics and Evolution 45: 272-288. 

 https://doi.org/10.1016/j.ympev.2007.03.018  
Van de Lagemaat, S.H.A. & Van Hinsbergen, D.J.J. 2024. Plate tectonic cross-roads: 

Reconstructing the Panthalassa-Neotethys Junction Region from Philippine Sea Plate and 
Australasian oceans and orogens. Gondwana Research 126: 129-201. 

 https://doi.org/10.1016/j.gr.2023.09.013 
Vinciguerra, R. 2008. Osservazioni su Ircila hecate (Herrich-Schäffer, [1854]) (Lepidoptera: 

Castniidae). SHILAP 36: 205-208. 
Wahlberg, N. & Rubinoff, D. 2011. Vagility across Vanessa (Lepidoptera: Nymphalidae): 

Mobility in butterfly species does not inhibit the formation and persistence of isolated 
sister taxa. Systematic Entomology 36: 362-370. 

 https://doi.org/10.1111/j.1365-3113.2010.00566.x  
Williams, M.C. 2020. Family Hesperiidae Latreille, 1809, Subfamily Hesperiinae Latreille, 1809, 

Tribe Baorini Doherty, 1886: 1 – 6. Genus Parnara Moore, 1881. Afrotropical Butterflies 
2020-07-11. 
https://www.metamorphosis.org.za/articlesPDF/1003/108%20Genus%20Parnara%20Moor
e.pdf. Last accessed 25 February, 2024. 

Williams, M.C. & Henning, G.A. 2023. Taxonomic revision of the tribe Acraeini Boisduval, 1833 
(Papilionoidea: Nymphalidae: Heliconiinae). Metamorphosis 34: 35-49. 

 https://doi.org/10.4314/met.v34i1.4  
 
 
 
Submitted: 27 April 2024 
Accepted for Publication:  13 June 2024 


