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The New Zealand wrens (Acanthisittidae) are basal in passerine birds and in New Caledonia, the closest country
to New Zealand, Amborella is basal in angiosperms. A review of molecular studies indicates that 29 other locally
or regionally endemic clades around the Tasman and Coral Sea basins have cosmopolitan or globally widespread
sister groups. Other areas that have local endemics basal to diverse global groups include Borneo, Madagascar/
South Africa/Tanzania, southern China-Taiwan—Japan, and different parts of Latin America, especially the
Guayana Plateau and western Mexico. Basal clades are widely interpreted as ancestral and their location is
generally taken to represent a centre of origin for the group as a whole. In the present study, basal groups are
treated simply as small (less speciose) sister groups. The Tasman and western Mexico/Caribbean regions have
important biogeographic and tectonic ties with each other and with the central Pacific. Large igneous provinces
(Ontong Java, Hikurangi-Manihiki, and Gorgona Plateaus) formed in the central Pacific in the Cretaceous. Fossil
wood is found on the Ontong Java Plateau, and formerly emergent seamounts up to 24 km across occur on
Hikurangi Plateau. Many terranes in New Zealand, New Caledonia, New Guinea and western America represent
former island arcs (or their products) that formed in the central Pacific and later accreted to the Pacific margins.
Long-term survival of taxa as metapopulations on the ephemeral volcanic islands and atolls of plate margins and
fissures may explain the biogeographical connections among the Tasman region, the central Pacific, and the
accreted terranes of western America. Branching sequences in cladograms and phylogenetic trees have been
interpreted as dispersal events, but instead probably indicate the sequence of differentiation in an already
widespread ancestor. Major disjunctions of tens of thousands of kilometres often occur between taxa at consecutive
nodes on a tree and dispersal by physical movement is unlikely. The break between the globally basal centres and
the rest of the world marks the initial site of differentiation of a widespread ancestor, with subsequent or more or
less simultaneous differentiation occurring in other areas. Differentiation of the modern angiosperms, passerines
and other groups first took place around the Tasman region, or at least the terranes now accumulated there,
and then around other centres, especially Madagascar—South Africa and Mexico—north-west South America.
Angiosperms are now recognized as basal to extant gymnosperms and major tectonic dynamism around the globally
basal centres during the Mesozoic, involving terrane accretion, orogeny, and rifting could have been involved with
the last important modernization of angiosperms, birds and other groups. © 2009 The Linnean Society of London,
Biological Journal of the Linnean Society, 2009, 96, 222-245.
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INTRODUCTION

The basal passerines (Acanthisittidae) are endemic to
New Zealand and the basal angiosperm (Amborella) is
endemic to New Zealand’s nearest neighbour, New
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Caledonia. These discoveries, both made in the period
1999-2002, concern two major groups and presum-
ably have significance for ideas on evolution. But
what exactly do they mean? The intriguing geographi-
cal pattern, with the two groups located closely
together in the south-west Pacific islands, is the
theme of the present study. Is the juxtaposition really
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Figure 1. The Tasman-Coral Sea region, with the centres of endemism of the basal groups. MMO, McPherson—Macleay
Overlap; NG, New Guinea; NC, New Caledonia; NZ, New Zealand. White triangles, islands occupied by Athoracophoridae.
Black triangles (Athoracophoridae not present): H, Lord Howe I., N, Norfolk I.

just a coincidence? It may have no significance; the
two groups might only be the results of chance dis-
persal or chance survival. Alternatively, their location
might be part of a general pattern and could be a clue
to understanding global evolution in birds, trees, and
other groups.

MATERIAL AND METHODS

To establish whether there are other taxa like Ambo-
rella and the wrens, recent literature was scanned for
more or less local endemics in the south-west Pacific
region with widespread (especially cosmopolitan or
pantropical) sister groups.

A basal group is just a small sister group (Krell &
Cranston, 2004; Crisp & Cook, 2005; Santos, 2007)
and the phrases ‘sister to the rest of” and ‘basal in’ are
used here more or less interchangeably. The differ-
ence between the two is mainly nomenclatural: a

basal group is considered to be part of the sister group
and has the same name, a sister has a different name.

Maps of Australian plants were accessed at: http://
www.anbg.gov.au/avh/ and at: http:/florabase.calm.
wa.gov.au/. Maps of tropical American plants based
on Missouri Botanical Garden records are at:
http://mobot.mobot.org/W3T/Search/vast.html. Distri-
butions of plant genera in Chile are given in Moreira-
Mufioz (2007).

SYSTEMATIC BIOGEOGRAPHY

Globally basal endemic taxa in the Tasman-Coral Sea
region are listed below and their local centres of
endemism are shown in Fig. 1.

FLORA

1. In red algae, Apophlaea is endemic to New
Zealand (subantarctic islands, Chathams and
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main islands) and is sister to a group of Hilden-
brandia which is widespread through northern
and southern temperate zones at least (Sherwood
& Sheath, 1999, 2003).

. In liverworts, Goebeliella, monotypic in New
Zealand (the subantarctic Auckland Islands,
the main islands and the Chathams) and New
Caledonia is sister to a large group: Radulaceae,
Frullaniaceae, Jubulaceae plus Lejeuneaceae
(Hodgson, 1949; He-Nygrén etal., 2006; D.
Glenny, pers. comm.).

. In angiosperms, Amborella trichopoda is a shrub
or small tree of New Caledonia and is basal
in angiosperms (Mathews & Donoghue, 1999;
Miiller, Borsch & Hilu, 2006; Stevens, 2007).
Occasionally, it is placed as sister to Nymphae-
ales, and these two are basal in angiosperms.
Nymphaeales are more or less worldwide (not in
New Zealand or New Caledonia).

. Eupomatia is a liane or scandent shrub. One
species, Eupomatia laurina, occurs in eastern
Australia (east of the Great Dividing Range) and
Papua New Guinea, the other, Eupomatia bennet-
tii, is restricted to south-east Queensland and
north-east New South Wales, a region known
to biogeographers as the McPherson Range—
Macleay River Overlap (MMO). It is sister to
Annonaceae, a pantropical family of lowland rain-
forest lianes and trees (Sauquet et al., 2003).

. In monocots, Blandfordia of south-east Australia
(MMO to Tasmania) is sister to Lanariaceae of
South Africa, Asteliaceae of Mascarenes, Pacific
islands and Chile, and Hypoxidaceae, of the sea-
sonal tropics especially southern Africa (Graham
et al., 2006).

. Doryanthes has two species of massive, agave-like
plants at the MMO, one of which is also in north-
east Queensland. The genus is sister to the
cosmopolitan clade comprising Iridaceae, Xerone-
mataceae, and others (Janssen & Bremer,
2004).

. Xeronema comprises Xeronema moorei of New
Caledonia and Xeronema callistemon of the Poor
Knights and Hen and Chicken Islands, northern
New Zealand. It is basal in a large, cosmopolitan
clade of Asparagales (Fay et al., 2000; Janssen &
Bremer, 2004).

. Isophysis, a monotype from southern and western
Tasmania, is basal in the more or less cosmopoli-
tan Iridaceae (Davies, Goldblatt & Barraclough,
2005).

. The orchid Pachyplectron comprises three species
endemic to New Caledonia and is sister to the
rest of the subtribe Goodyerinae, a virtually
cosmopolitan group (Cribb, Pridgeon & Chase,
2003).

10.

11.

12.

13.

14.

15.

16.

17.

18.

There are three clades in Liliales. One is Campy-
nemataceae, with one species in Tasmania
(Campynema) and two in New Caledonia
(Campynema and Campynemanthe) (Fay et al.,
2006).

Petermannia, monotypic, is a climber with a
woody rhizome found at the MMO and is sister
to a cosmopolitan clade of Liliales (Colchicaceae,
Alstroemeriaceae, Luzuriagaceae) (Fay et al.,
2006).

Berberidopsidaceae comprise Streptothamnus,
monotypic at the MMO, and Berberidopsis, with
one species at the MMO and one in Central Chile
(by Concepcién) (Savolainen et al., 2000). This
family is sister to Aextoxicon, also in Central
Chile (I. Chiloé to approximately Coquimbo). The
two families (forming Berberidopsidales) may be
basal to a very large, cosmopolitan clade of core
eudicots (Soltis et al., 2003).

In eudicots, Canacomyrica is endemic to New
Caledonia and is sister to the rest of the sub-
cosmopolitan family Myricaceae (Herbert et al.,
2006). Canacomyrica is extant only in New Cale-
donia, but pollen from Eocene to Miocene strata
in New Zealand has been identified with it (Lee,
Lee & Mortimer, 2001). The rest of the family is
widespread globally but notably absent from Aus-
tralia, eastern New Guinea, New Caledonia, New
Zealand and southern South America.

The tree Balanops, sole genus of Balanopaceae,
ranges in New Caledonia (seven spp.), Vanuatu
and Fiji (one spp.), and north-east Queensland
(one spp.). It is sister to a large pantropical
complex comprising Chrysobalanaceae, Dicha-
petalaceae, Euphroniaceae, and Trigoniaceae
(Stevens, 2007).

Athrotaxis (Tasmania) is sister to all other
Cupressaceae s.l. except Cunninghamia and Tai-
wania (Gadek et al., 2000).

Sparattosyce (New Caledonia) and Antiaropsis
(New Guinea) form the basal clade in the pan-
tropical tribe Castilleae (Moraceae) (Zerega et al.,
2005).

Tetracarpaea, monotypic, is a shrub of subalpine
woodland in Tasmania, and is sister to the cos-
mopolitan clade Haloragaceae plus Penthoraceae
(Stevens, 2007).

Pennantia has one species in the South Island
and the North Island of New Zealand, one on
Three Kings Islands, one on Norfolk Island, and
one in eastern Australia (eastern New South
Wales, disjunct in north-east Queensland)
(Gardner & de Lange, 2002). The genus is sister
to a cosmopolitan clade including Umbelliferae/
Araliaceae, Pittosporaceae, Griseliniaceae, and
Torricelliaceae (Karehed, 2003).
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19. Teucridium (Lamiaceae) of central New Zealand

(North and South Islands) is sister to another
monotype, Oncinocalyx of the MMO (Cantino,
Wagstaff & Olmstead, 1999). This pair is sister
to the almost cosmopolitan Teucrium, usually
credited with 300 species and especially diverse
in the Mediterranean but absent in New Zealand.

Fauna

. In molluscs, Athoracophoridae are a family of
terrestrial slugs that are sister to the cosmopoli-
tan Succineidae (Wade, Mordan & Naggs, 2006).
Athoracophorids are widespread around the
Tasman-Coral Sea region (not Tasmania): New
Zealand (including the subantarctic Macquarie,
Auckland, Campbell, Snares and Chatham
Islands; Burton, 1963, 1980), New Caledonia
(these two countries have most of the species),
Vanuatu, Solomons, New Britain, Manus Island
(west of New Britain), Papua New Guinea main-
land (‘Schroder’ — probably Schrader — Mts), and
eastern Australia (north-east Queensland to
Woolongong, south of Sydney). Their sister group,
Succineidae, are widespread worldwide and are
the landsnails most closely associated with water,
being found in swampy areas and by rivers and
lakes (not actually in the water). In New Zealand,
the single representative, Austrosuccinea, occurs
in flats behind coastal dunes. Athoracophorids
are not found in this habitat but occur in forest
and at higher altitude. An alpine population
survives at 1500 m near Gertrude Saddle, New
Zealand, on alga-covered rockfaces under large
overhanging rims of ice (M. Heads, pers. observ).
The athoracophorids are, at least in New
Zealand, an altitudinal and phylogenetic vicari-
ant of the widespread coastal succineids.

. In centipedes, some genes show Craterostigmus
as basal in centipedes, others have it near the
base (Giribet & Edgecombe, 2006). Craterostig-
mus has one or two species in Tasmania and New
Zealand (North, South and Stewart Islands; G.
Edgecombe, pers. comm.).

. In Lepidoptera, three clades branch off sequen-
tially at the base below the main group: the
worldwide Micropterigidae; Agathiphaga, with
one species in north-east Queensland and one in
the Solomons, Vanuatu, and Fiji feeding mainly
on Araucariaceae; and Heterobathmia of southern
South America (Valdivia, etc.) on Nothofagus
(Wiegmann, Regier & Mitter, 2002).

. In the worldwide Micropterigidae, the basal clade
comprises 11 species in Tasmania and east coast
Australia (north to Daintree), two species in New
Caledonia, and one in northern North Island,

New Zealand (Gibbs, 1989, 2006; G.W. Gibbs
pers. comm.). The next basal clade is Sabatinca
s.s. of New Zealand and New Caledonia.

. In other Lepidoptera, the family Mnesarchaeidae

is endemic to New Zealand (North and South
Islands) and is sister to the globally widespread
Hepialoidea (ghost moths; not in the Caribbean,
western Africa or Madagascar) (Gibbs, 1989,
2006; G.W. Gibbs pers. comm.; J. R. Grehan pers.
comm.).

. In reptiles, Sphenodon, the tuatara of New

Zealand, and its widespread, fossil relatives
(Sphenodontia) comprise the sister group of all
other extant lizards and snakes (Squamata).
Sphenodontians were widespread globally in the
Mesozoic (Gibbs, 2006: 156) but Cenozoic fossils
are restricted to New Zealand and South
America.

. In parrots, the New Zealand genera Strigops

(kakapo; South Island, Stewart Island) and
Nestor (kaka and kea; North, South and Stewart
Island, formerly Norfolk and Chatham Island)
form a clade that is sister to all other parrots
(de Kloet & de Kloet, 2005). The kakapo is a
flightless, nocturnal bird that favours forest
margins, kaka species are widespread in lowland
and montane forest, the kea is common in alpine
regions.

. After the ratites and Galliformes/Anseriformes

are split off, passerines may be sister to all other
birds (Slack et al., 2006). The basal passerines
are the New Zealand wrens Acanthisittidae
(Barker, Barrowclough & Grouth, 2002; Ericson
et al., 2002; Slack et al., 2007). Four species were
extant in historical times. The rifleman is wide-
spread in lowland forests of North, South and
Stewart Islands. The rock wren is restricted to
the alpine zone of the South Island. Bush wrens
were seen on Mt Luxmore, Fiordland in 1978 (M.
Heads, pers. observ.) but none have been sighted
subsequently and the species is regarded as
extinct. A fourth species, the Stephen’s Island
wren, was extinct by the end of the 19th Century.
Fossil representatives are also known but only in
New Zealand (Millener, 1988; Millener & Worthy,
1991); their bizarre morphology (more beak than
bird) is well-illustrated in Tennyson & Martinson
(2006).

. A clade of ‘wattlebirds’ found in New Zealand

(Callaeatidae plus Notiomystis, formerly in
Meliphagidae) and New Guinea (Cnemophilinae,
formerly in birds of paradise, plus Melano-
charatidae) are basal to the worldwide ‘crown
Corvida’ (Barker etal., 2004; Ewen, Flux &
Ericson, 2006). There are no extra-limital fossils.
In New Zealand, the group was found widely in

© 2009 The Linnean Society of London, Biological Journal of the Linnean Society, 2009, 96, 222—-245



226 M. HEADS

North, South, and Stewart Islands. In New
Guinea, the group is widespread on the main-
land, on the Vogelkop islands (Waigeo, Japen,
Misool and Aru) and, with Oedistoma, on the
D’Entrecasteaux Archipelago. However, as with
birds of paradise and bowerbirds, it is notably
absent from the nearby Bismarck Archipelago.
Irestedt & Ohlson (2008) found Callaeatidae plus
Cnemophilidae, and then Melanocharitidae to be
basal branches in the cosmopolitan ‘core Cor-
voidea’ for the nuclear genes RAG-1 and RAG-2,
but for other genes these New Zealand—New
Guinea families form a basal grade in another
large, worldwide group of passerines, the
Passerida.

10. Melonycteris of the Bismarck Archipelago and
Solomon Islands is basal or near basal in fruit
bats, a conspicuous group throughout the Old
World tropics (Pulvers & Colgan, 2007).

OTHER AREAS WITH GLOBALLY BASAL
LOCAL ENDEMICS

A less detailed global survey of literature on
angiosperms and some other groups revealed the
following additional areas which have local endemics
with cosmopolitan sisters (Figs 2, 3).

Old World
South-west Western Australia: Emblingia, monotypic,
is sister to a global clade of Brassicales (Hall, Iltis &

Sytsma, 2004) or, alternatively, basal in the global
Gentianaceae (Savolainen et al., 2000). Nuytsia,
monotypic, is basal in the mistletoes Loranthaceae
which are subcosmopolitan (rare in northern temper-
ate countries).

Sumatra/Borneo: Scyphostegia (Borneo, north of the
‘Lupar line’) is sister to Salicaceae, a cosmopolitan
group including most of the old Flacourtiaceae
(Stevens, 2007). Combretocarpus (Sumatra and
Borneo) is sister to the rest of the pantropical Aniso-
phylleaceae (Zhang, Simmons & Renner, 2007).

Southern China-Taiwan—Japan: Euptelea, with two
species in southern China, is basal in the cosmopoli-
tan Ranunculales (Stevens, 2007). The conifer Scia-
dopitys, monotypic in southern Japan, is sister to
the widespread Cupressaceae and Taxaceae. In bats,
the Taiwan endemic Myotis latirostris is basal in the
genus, which is more or less worldwide (Stadelmann
et al., 2007). (Only 66 of 100 species have been
sampled so far, but M. latirostris has distinctive
morphology).

South Africa: Agapanthus (Cape Town to Swaziland)
is sister to the subcosmopolitan Alliaceae and Ama-
ryllidaceae (Givnish et al., 2006).

Madagascar: Humbertia, monotypic, is a tree of
Madagascar that is basal in the cosmopolitan
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Figure 2. Globally basal groups on accreted terranes of the Americas.
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Figure 3. Globally basal groups in cratonic South America. Arrows: Welwitschia is fossil in Brazil and living in
south-western Africa, Thurniaceae are in South America (Thurnia) and South Africa (Prionium), Berberidopsis and its
sister at the McPherson Range—Macleay River Overlap form a globally basal clade.

Convolvulaceae (Stefanovié & Olmstead, 2005).
Didymeles, north-east Madagascar, is sister of the
subcosmopolitan Buxaceae (not in Australia or New
Zealand). Asteropeiaceae/Physenaceae (two genera,
nine spp.) is sister to a cosmopolitan clade of Caryo-
phyllales. In the same order, Barbeuia (monotypic) is
also sister to cosmopolitan clade (Aizoaceae, Nyctagi-
naceae, etc.). Sarcolaenaceae (eight genera, 60 spp.)
are sister to Dipterocarpaceae, pantropical (but rare
in South America). In the vertebrates, the coelacanth
of Mozambique Channel and Sulawesi is (with some
or all of the fossil crossopterygians) sister to the
lungfishes plus tetrapods.

South-eastern Tanzania-Cameroon: The pantropical
Triuridaceae have no chloroplasts and molecular sys-
tematics studies have given equivocal results. Mor-
phological studies indicate that the tribe Kupeaeae is

basal. It comprises three very rare species of Cam-
eroon and south-eastern Tanzania (Cheek, 2003;
Rudall & Bateman, 2006).

South Africa and Guayana shield: This area of ende-
mism is intercontinental but covers a small total
area. It is occupied by Thurniaceae (four species),
with Thurnia on the Guayana shield and Prionium in
South Africa. The group is sister to the cosmopolitan
Cyperaceae plus Juncaceae.

Western Mediterranean: The monocot Aphyllanthes
of southern France, southern Spain, and northern
Algeria is sister either to Laxmanniaceae (incl.
Lomandra, Cordyline etc.) of Australia, India, Mada-
gascar and South America (Givnish et al., 2006) or to
the subcosmopolitan Agavaceae (not in New Zealand
or southern Australia) (Graham et al., 2006).
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Americas: Allochthonous terranes (Mexico-western
Colombia/western Ecuador) (Fig. 2)

Mexico: Beiselia is a tree with a succulent trunk
discovered in south-west Mexico in 1982. It occurs in
dry forest near Aquila on the Michoacan coast (D.
Espinosa, pers. comm.) and is basal in Burseraceae,
widespread throughout warmer countries. Setchellan-
thus is a monotypic, microphyllous shrub of Mexico
(mainly Durango and Oaxaca; Iltis, 1999) that is
sister to a global clade of Brassicales. The monotypic
Plocosperma, distributed from Guerrero to Nicaragua,
is putative sister to the rest of Lamiales. Simmond-
sia, monotypic in north-western Mexico, Arizona, and
California, is sister to a cosmopolitan clade of Caryo-
phyllales (Caryophyllaceae, Aizoaceae, Portulacaceae
etc.). (Distal to this branch is Asteropeiaceae/
Physenaceae from Madagascar, also basal to a large
clade, giving a trans-Atlantic, California—Madagascar
sequence of differentiation). Pterostemon, with three
species on Guerrero terrane (Guanajuato to Guerrero
and Oaxaca; Jiménez Ramirez & Martinez Gordillo,
1997) is sister to the widespread Iteaceae: eastern
USA, eastern Africa, and eastern Asia/western
Malesia.

Stegnosperma (three species) is distributed along
the Pacific coast of Mexico, Guatemala, and Costa
Rica, and also in the Greater Antilles. It is sister to
a cosmopolitan clade of Caryophyllales (Aizoaceae,
Portulacaceae, etc.; Stevens, 2007).

Romerolagus, the ‘volcano rabbit’, is restricted to
Popocatépetl and three other volcanoes near Mexico
City (Lagomorph Specialist Group, 1996). It is basal to
a large group of rabbits and hares (Lepus, Sylvilagus,
etc.) found throughout the world except Australasia/
Pacific (Stoner, Bininda-Emonds & Caro, 2003).

These taxa (Fig. 2; Pterostemon not shown) are
mainly restricted in Mexico to the Guerrero terrane
(in a broad sense; Umhoefer, 2003), which makes up
most of the western half of the country. The taxa
extend to the east only on the trans-Mexican volcanic
belt (Torres Miranda & Luna Vega, 2006; Corona,
Toledo & Morrone, 2007).

Honduras: Haptanthus is a tree collected once in
northern Honduras in 1980, which is currently
unplaced in angiosperms (Stevens, 2007). It has very
distinctive flowers (there is no perianth, the males
comprise single stamens, and the ovary is three-
partite with parietal placentas). The species could
conceivably be sister to a cosmopolitan group but it
has proved hard to relocate.

Greater Antilles: Verhuellia has two species in Cuba
and Hispaniola and is sister to all other Piperaceae
(including Peperomia), a pantropical group (Wanke
et al., 2007). In mammals, Solenodon also has two

species of Cuba and Hispaniola and is sister to
shrews, moles, and hedgehogs (Roca et al., 2004),
widespread globally but absent from Australasia and
South America south of Peru.

Lesser Antilles: In Turdus thrushes, ‘Cichlherminia’
has one species in St Lucia, Dominica, Guadeloupe,
and Montserrat. It is basal to a widespread clade of
Turdus ranging in southern and central America,
Africa, Eurasia and the Pacific islands (Voelker et al.,
2007).

North-western South America—Southern Costa Rica:
Fusispermum of southern Costa Rica to western
Colombia, Ecuador and central Peru (four spp.) is
basal in the family Violaceae (Feng, 2005).

Americas: Cratonic South America (Fig. 3)

Northern Colombia/western Venezuela: Aragoa com-
prises 19 species of shrubs found in the high Andes of
Colombia and western Venezuela, and is sister to the
cosmopolitan Plantago (Plantaginaceae) (Fernandez-
Alonso, 1995; Regnsted et al., 2002; Bello et al., 2004).

Guayana shield: Euphronia (two species) occurs in a
small area of the shield centred on southern Vene-
zuela and is sister to the pantropical Chrysobalan-
aceae. Tepuianthus (seven species) of the southern
Venezuela highlands is basal in the cosmopolitan
Thymelaeaceae. Rhabdodendron, eastern Amazon/
Guianas (three species) is basal in Caryophyllales.
Thurniaceae (South Africa—Guayana Shield) are cited
above.

North-eastern Brazil-south-western Africa: Welwits-
chia, a bizarre gymnosperm endemic to the Namib
desert of south-western Afica is also known from good
fossil material in north-eastern Brazil (Ceard/
Pernambuco; Dilcher et al., 2005). Welwitschia is
sister to the pantropical Gnetum (Bowe, Coat &
Depamphilis, 2000; Chaw et al., 2000).

Minas Gerais, Brazil: The genus Diamantina may
be basal in the pantropical Podostemaceae subfam.
Podostemoidae (Rutishauser et al., 2005). It is
endemic to the Rio Préto basin, Minas Gerais.

Southernmost Brazil (Rio Grande do Sul/Santa
Catarina)north-eastern Argentina-Central Chile: Qui-
llaja, sister to the cosmopolitan Leguminosae, is a
tree with three species in north-eastern Argentina
(Misiones) and adjacent parts of Brazil, and disjunct
in Central Chile (Coquimbo to Temuco). (Populations
further north are usually regarded as human intro-
ductions). Gunnera is basal to the other eudicots and
the basal species in Gunnera is G. herteri. This very
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small plant occurs in the coastal sand dunes of
Uruguay and southern Brazil (Rio Grande do Sul,
Santa Catarina), forming dense mats on seepages
(Rutishauser, Wanntorp & Pfeifer, 2004).

Juan Fernandez Is. (Chile): Lactoris is sister of the
pantropical Aristolochioideae (Aristolochiaceae).

DESCRIPTION OF AREAS

New Zealand, New Caledonia, and New Guinea
These are all geologically polyphyletic, each compris-
ing several terranes with distinct affinities. For
example, the correlated Brook Street, Téremba and
Gympie terranes (Permian-Triassic) have accreted to
New Zealand, New Caledonia, and the McPherson-
Macleay Overlap (Spandler et al., 2005). In one sense,
the taxa have ‘dispersed’ to these areas with the
accreting terranes or their associated volcanic
islands. But geological dispersal (at approximately
10 cm year™?) is much slower than biological long-
distance dispersal and is an orderly process involving
the entire community.

Some geologists have considered the possibility that
New Zealand might have been totally covered by a
very shallow sea (150-200 m in many parts) at some
time in the Oligocene, as characteristic sedimentary
strata are widespread (Campbell & Hutching, 2007;
Landis et al., 2008). However, they concluded that
current geological data are not sufficient to permit
definite confirmation or denial that some land existed,
and they conceded that biological arguments can be
made for the continuous presence of islands. Biogeo-
graphic and paleontological patterns that are incom-
patible with total flooding of New Zealand and the
rest of the New Zealand plateau have been stressed
by many recent studies (Craw, Grehan & Heads,
1999; Lee, Lee etal.,, 2001; Gibbs, 2006; Heads,
2006b; Worthy et al., 2006; Knapp et al., 2007; Edge-
combe & Giribet, 2008; McDowall, 2008). The survival
of pre-Oligocene biogeography can perhaps be recon-
ciled with widespread Oligocene sediments if minor,
local tectonic variation led to a changing archipelago
of many, small, low-lying islands and shifting coast-
lines. Landis et al. (2008) found no evidence for large,
persistent islands, but small, ephemeral islands
would preserve taxa as metapopulations and also
allow local differentiation. Regional heterogeneity has
characterized most of New Zealand’s history and
minor local uplift and subsidence, together with
former emergent areas of the New Zealand plateau off
the mainland are likely.

The Chatham Islands, east of mainland New
Zealand, are well-known for both marked endemism
and conspicuous absence. Chathams endemics are
sometimes related to taxa in the subantarctics but

are often most closely related to groups of the north-
eastern New Zealand islands and central Pacific,
rather than mainland New Zealand. For example,
the only Chatham Islands species of Hebe (Veroni-
caceae) are most closely related to the Rapa I.
species, not to species of mainland New Zealand
(Bayly & Kellow, 2006) (Fig.4). The Chathams lie
above a former subduction zone. The Hikurangi
Plateau has encroached on this from the north-east
(central Pacific) and, at approximately 86 Ma, choked
the subduction zone, leading to movement on the
Emerald fracture zone south-west of New Zealand
and later on the Alpine fault (Schellart, Lister & Toy,
2006). The Hikurangi Plateau is currently located off
the east coast of New Zealand and the portion
exposed covers an area the size of New Zealand.
Other parts are subducted beneath the North Island
and the Chatham Rise. What are now Chathams/
East Coast/Northland taxa with central Pacific affini-
ties may have been ‘scraped off’ the descending plate
at the subduction zone and piled up as the biogeo-
graphic equivalent of an accretionary wedge. Mar-
shall (2001) used this process to explain the great
diversity in New Caledonian marine molluscs.

Bismarck Archipelago and Solomon Islands

These islands are rarely visited and their biogeogra-
phy is poorly understood. The biota is highly diverse
but traditionally regarded as made up of minor
variants recently derived from Australia and New
Guinea. The flora and fauna are seldom seen as
having any real significance for global evolution and
Pulvers & Colgan (2007) wrote that the restriction of
the basal fruit bat Melonycteris to these ‘geographi-
cally remote’ islands is ‘puzzling’. Pulvers & Colgan
concluded that if the bat has occupied these archi-
pelagos during its evolution, suitable habitat ‘must
have been permanently available in the Melanesian
Arc for many millions of years, either as continuously
emergent land or as successively emergent, geo-
graphically proximal islands’. This latter process is
typical of subduction zones and would help explain
how the rain-forests of the Solomon Islands contain
more endemic bird species than any other area of
similar size in the world (Filardi & Smith, 2005).

The Ontong Java Plateau

This is a very large, almost entirely submarine
plateau which abuts the eastern side of the Solomons
(Fig. 4). Several geological reconstructions (Hall,
2002) have the Bismarcks—Solomons basement origi-
nating in the central Pacific, thousands of kilometers
off Gondwana and their biota is probably more closely
related to the original biota of the Ontong Java
Plateau than to that of Gondwana.
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Figure 4. Present position of the three large igneous plateaus (the subducted portion of the Hikurangi plateau in light
grey). Osb, Osbourn Trough. Three biogeographically significant localities are also shown: Rapa I., Rarotonga (Ra), and
Tahiti (Ta). (Simplified from IFM-GEOMAR, 2007). The grey line represents the current boundary of Indo-Australian

plate (west) and the Pacific plate (east).

The Early Cretaceous Ontong Java Plateau is the
world’s largest ‘large igneous province’ and covers an
area of some 2 million km? the size of Alaska or
western Europe. Its formation was the largest known
magmatic event on Earth (Fitton et al., 2004). The
few geological investigations of the plateau have been
described as ‘pinpricking the elephant’ and at present
‘no simple model appears to account satisfactorily for
all of the observed first-order features’ (Tejada et al.,
2004). One of the most interesting recent discoveries
on the plateau was a thick succession of volcaniclastic
rocks, the result of eruptions in a subaerial setting
(Thordarson, 2004). Fossilized or carbonized wood
fragments have been found near the bottom of four of
the eruptive members (Fitton et al., 2004).

On-going collision of the Ontong Java Plateau with
the Solomon arc has resulted in uplift of the plateau’s
southern margin and created on-land exposures of the
plateau on the islands of Malaita, Ulawa, northern
Santa Isabel and Makira (= San Cristobal). The fauna
of the last island is regarded as a biogeographic
mystery in dispersal accounts (Mayr & Diamond,
2001); Pulvers & Colgan (2007) cited the ‘unexpected’
placement of the Makira species basal in the
Solomons clade of Melonycteris fruit bats. The island
of Makira is also a special case within the Solomon
block because, whereas Ontong Java Plateau material
dating back 90 Mya is present, there is little or no
pelagic sedimentation, as would be expected. This

suggests deep erosion of a subaerial edifice (Craig,
Englund & Takaoka, 2006).

Tasman—tropical America connections
The highly endemic flora and fauna of the Tasman-
Coral Sea region show affinities with areas to the
west and also to the east, especially with Chile,
the central Pacific islands, and north-west South
America. Trans-tropical Pacific connections are gen-
erally discussed with reference to south-east Asia—
tropical America. For example, the most diverse areas
for angiosperm families are in southern Yunnan/
Cambodia and southern Mexico (Gaston et al., 1995).
However, many other trans-tropical Pacific tracks
involve Melanesia. For example, a clade in Opiliones
comprises Troglosironidae of New Caledonia plus
Neogoveidae of tropical America/western Africa
(Boyer et al., 2007). Boyer & Giribet (2007) wrote that
the relationship of New Caledonia and ‘tropical Gond-
wana has never been proposed based on geological or
biological data’ and, as they say, the connection is
‘intriguing’. A New Caledonia—tropical South America
track is standard (Heads, 2006b). In plants, the tribe
Moutabeeae is in New Guinea, New Caledonia, and
tropical America. It is basal in the worldwide Polyga-
laceae (minus Xanthophyllum) (Forest et al., 2007).
Oncotheca, monotypic in New Caledonia, and the
Metteniusaceae: Costa Rica to Ecuador, mainly in
Colombia, form the first and second basal branches in
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a cosmopolitan clade of Lamiales, Solanales, etc. This
topology (from a strict consensus tree) indicates a
trans-tropical Pacific sequence of initial differentia-
tion but statistical support is weak and the two small
trans-Pacific groups may instead be sisters, forming a
basal clade (Gonzédlez & Rudall, 2007; Gonzailez et al.,
2007). In birds, the family Rhynochetidae is endemic
to New Caledonia and related to Aptornis of New
Zealand (fossil) and Eurypygidae of Guatemala to
Brazil (Ladiges & Cantrill, 2007). In a similar
pattern, iguanid lizards are in Fiji, Tonga (fossil), the
Galapagos, and the Americas, where they are mainly
in the west.

Madagascar/South Africa/eastern Tanzania

There is a standard biogeographic connection between
Madagascar and the Usambara—Uluguru node in
eastern Tanzania. For example, three Madagascar
genera of Myristicaceae (Brochoneura, Mauloutchia
and Doyleanthus) form a clade with Cephalosphaera
of the Usambara, Uluguru, Udzungwa, and southern
Nguru Mts in Tanzania and the Shimba Hills in
south-east Kenya (Lovett & Clarke, 1998; Sauquet
et al., 2003). The South Africa—Madagascar biogeo-
graphic connection is well-known, so there may be an
arc: South Africa—Madagascar—Tanzania of general
biogeographic/phylogenetic significance.

This list of taxa and areas only gives a preliminary
outline, but apart from the Tasman-Coral Sea area,
the importance of western Mexico and Madagascar/
South Africa is already evident. By contrast, the large
blocks of rain-forest in the Congo basin and central-
west Amazon basin hardly feature. One Amazon
group of birds, the trumpeters (Psophiidae), are sister
to a worldwide complex, the limpkin and crane fami-
lies (Aramidae, Gruidae) (Fain, Krajewski & Houde,
2007). However, trumpeters are widespread over a
vast area of the Amazon and Orinoco basins. The
western Amazon basin and the foot hills of the central
Andes are often accepted as having the most bio-
diverse plots in the world for tree species. However, a
recent assessment of plant biodiversity in the Amazon
Basin instead predicted maximum levels in the area
of northern Brazil (in Roraima and Para) from the
border with southern Venezuela to near the border
with Surinam (i.e. the core of the Guayana Shield;
Hopkins, 2007). This region is also highly significant
for its globally basal endemics (Fig. 3).

North of Mexico, there appear to be fewer locally
endemic groups with widespread sisters. The north-
ernmost example noted in this study was the boojum
tree family, Fouquieriaceae, of south-western USA
and north-western Mexico. It is sister to Polemoni-
aceae, fairly widespread in the Andes (to Tierra del
Fuego) and the northern hemisphere.

DISCUSSION

The more or less adjacent localities of the basal
angiosperm and the basal passerine are part of a
more general pattern, as the Tasman region is a
centre for many other globally basal groups. Why are
the Tasman and the other globally basal centres
located where they are? They may represent centres
of survival, centres of origin from which their wide-
spread sisters have dispersed, or centres of differen-
tiation in widespread groups.

BASAL CENTRES AS CENTRES OF SURVIVAL

Assessing this option requires the integration of fossil
distributions and extant distributions. The globally
basal groups might be relics of previously widespread
taxa which have gone extinct everywhere else. For
example, the New Zealand tuatara has fossil relatives
(the other Sphenodontia) which were globally wide-
spread in the Mesozoic. The plant Canacomyrica is
extant only in New Caledonia, but has Cenozoic
fossils in New Zealand. There is little if any fossil
evidence that the other Tasman globally basal endem-
ics were formerly more widespread. Probably some
were and some were not.

Chance, local ecology, and the location of prior
diversity have all been suggested as factors causing
the survival of relic taxa in particular regions, such as
around the Tasman or in western Mexico, and not
others.

1. Any distribution can be explained by chance sur-
vival in the locality and extinction everywhere
else. However, although it is impossible to dis-
prove, chance survival does not explain the appar-
ent concentration of basal groups in certain areas.

2. The survival in these regions may be due to certain
ambient conditions. This seems unlikely as the
Tasman region, western Mexico, etc., each share
similar ecological conditions with many others in
different parts of the world.

3. Relics of declining taxa may survive in areas
where the taxa had prior centres of diversity. This
is more likely. On average, taxa do not go extinct
first at the geographical core of their diversity but
at less diverse, peripheral areas. For example,
Nothofagus is a wind-pollinated tree which is
dominant in many South Pacific rain-forests and
has an exceptional fossil record. The four extant
subgenera are all known from Cretaceous fossils.
The main species concentrations of the four sub-
genera occur in the same four localities (New
Zealand; New Guinea and New Caledonia; Chile
north of I. Chiloé; and Chile south of Valdivia)
whether extant species only or all species (extant
plus fossil) are counted (Heads, 2006b). Subgenus
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Brassospora has its centre of total species diversity
in New Guinea and New Caledonia, with a small
number of extinct species in New Zealand, Austra-
lia, Antarctica, and South America. The pattern
indicates that the subgenera have gone extinct in
areas where they were less diverse to start with,
whereas the main centres of diversity have per-
sisted largely in situ.

In accordance with this reasoning, sphenodontians
may have survived in New Zealand to modern times
(two or three species) and in South America until
Miocene time (recently reported fossils) because there
were prior centres of diversity in these localities
(despite the poverty of the New Zealand fossil record
of sphenodontians).

This brings us back to the original question con-
cerning the location of the globally basal centres of
endemism. This is discussed further under ‘Pacific
geology’, below.

BASAL CENTRES AS CENTRES OF ORIGIN

In centre of origin theory, the basal taxon in a group
is usually interpreted as the ancestor of the group
(rather than just a small sister group). The location of
the basal taxon is taken to represent the centre of
origin of the whole group, the members of which
attain their respective distributions by physical move-
ment away from the centre. In a group of taxa
(a(b(e, d))) found in areas A, B, C, D, the taxa have
attained their distributions by a series of dispersal
events from A to B to C and D. This concept of the
evolutionary process is almost universally assumed
by ecologists (Levin, 2000) and paleontologists
(Eldredge et al., 2005). However, it has been criticized
by biogeographers because the simple allopatry
among a-d could be due to in situ, sequential differ-
entiation of a widespread ancestor, rather than dis-
persal. For example, populations of @ could have been
separated from the others by a newly rising mountain
range leading to the two groups differentiating. Here
the pattern is not caused by a dispersing into the
territory of b—-d and then differentiating there, and
there is no centre of origin.

Good examples of centre of origin analysis are
seen in the extensive literature discussing dispersal
both into and out of the Caribbean. In mocking-
birds, a Yucatdn endemic is basal to a largely Car-
ibbean clade. Lovette & Rubenstein (2007) argued
that this ‘is suggestive of a pathway of colonization
into the Antilles from central America via Cuba. ...
Conversely, in butterflies, the Greater Antilles genus
Antillea is basal to a widespread clade (Phyciodina)
of northern, southern, and central America. So, from
a centre of origin in the Antilles, ‘The ancestral

Phyciodina colonized the [Antilles—Venezuela] land-
span and spread south to the Guyanan Shield and
then quickly to the Brazilian Shield’ (Wahlberg &
Freitas, 2007). (The subsequent scenario involved
a convoluted history of transcontinental dispersals
and back-dispersals, although the authors wrote
that these butterflies are ‘well-known to be rela-
tively sedentary’).

In fact, no migration into or out of the Caribbean is
required for the mockingbirds or the butterflies. In
both groups, the location of the basal break between
Yucatan and the Greater Antilles can be explained by
simple vicariance in an already widespread ancestor.

The idea that basal groups are ancestral is not
accepted here and neither is the idea that the location
of basal groups represents a centre of origin. They are
simply small (less speciose) sister groups and their
distribution limits represent early centres of differen-
tiation in already widespread groups, not centres of
origin.

Ecological dispersal versus biogeographic dispersal
Every individual plant and animal moves by virtue of
its normal means of survival, at least during one
stage of its life-cycle. In addition, the ranges of taxa
expand and contract. However, ecological movement
should not be confused with biogeographic dispersal,
which involves genetic differentiation. Dispersalists
argue that ‘When lineages arrive in new habitats they
will usually diverge and sometimes speciate’ (Renner,
2006). However, any patch of newly cleared ground
will soon be colonized by ‘weedy’ flora and fauna and
later by less weedy taxa, none of which will differen-
tiate there. The biogeographic process of long dis-
tance, chance or founder dispersal is a theoretical
process quite distinct from the movement observed as
a normal component of an organism’s life. Authors
supporting the centre of origin view have often
concentrated on proving that ecological dispersal, or
ordinary movement, does occur, but this is already
well-known. The main problem with biogeographic or
founder dispersal is explaining how movement
between populations could be occurring at one time,
but then at some point stop (leading to differentia-
tion). What is the reason for the change? In theory, it
could be due to changing behavioural patterns in
animals, but this cannot explain repeated patterns in
unrelated animals and plants. Geological or climatic
change is one obvious possibility and this is the basis
of vicariance or simple allopatric speciation. In the
centre of origin/dispersal theory, speciation instead
occurs by chance dispersal: the change from move-
ment to no movement simply involves a ‘barrier’ that
is permeable to chance crossing by a founder but
subsequently becomes impermeable.
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Dispersal in the ancestors

If most groups are the result of vicariance in a
widespread ancestor during a phase of population
immobilism, how did the ancestor achieve its
range? Possibilities include phases of population
mobilism and range expansion by normal ecological
dispersal (not founder dispersal) into new land-
scapes. These would have emerged following the
devastation of the Permo-Carboniferous ice ages
(much more severe than the present ice ages, and
centred in the southern hemisphere) and along dra-
matically extended coastlines during extensive
Mesozoic flooding of the continents. Cycles of mobil-
ism of widespread groups into new habitat followed
by immobilism and local differentiation, and eventu-
ally further phases of mobilism, may take tens of
millions of years to complete, as in the geological
cycles of mountain uplift, erosion, deposition, and
further uplift.

BASAL CENTRES AS CENTRES OF INITIAL
DIFFERENTIATION IN WIDESPREAD ANCESTORS

In the freshwater fish family Cichlidae, Chakrabarty
(2004) proposed a vicariance interpretation of the
biogeographic evolution and compared the process
with a mirror being struck two or three times with a
hammer. There is no movement of the individual
shards, which are all neatly vicariant. The sequence
of the hammer blows (phases of differentiation) is
seen in the cladogram or phylogenetic tree.

Tree topology probably indicates the sequence of
differentiation in an already widespread ancestor, not
dispersal by physical movement. Major disjunctions of
tens of thousands of kilometres often occur between
taxa at consecutive nodes on a phylogram and long-
distance, colonizing dispersal is very unlikely.

If differentiation in a widespread ancestor follows
a sequence proceeding from one area (basal clade in
area A) to another area (next basal clade in area B),
and so on, this will give a cladogram that may convey
the impression of a centre of origin at A and ‘dispersal’
from A to B. However, movement is not necessarily
involved. Following this line of reasoning, Brown,
Nelson & Ladiges (2006) illustrated the process
leading to the distribution of Malesian Rhododendron
as a sequence of differentiation in a widespread
ancestor, and Doan (2003) suggested a south-to-north
sequence of speciation (not dispersal) in Andean
lizards.

Around the Tasman Sea, the cosmopolitan Apiales
provide a transparent example of sequential differen-
tiation of a global ancestor around different basins.
Pennantiaceae, a Tasman Sea clade, branches off
first. The second branch is an Indian Ocean group,
Torricelliaceae, comprising the western Malesian

Aralidium and its relatives in Madagascar. The third
branch, Griseliniaceae, occupies a South Pacific track:
New Zealand—Chile/south-eastern Brazil. Finally,
there are three widespread groups, Pittosporaceae
(wide in the Old World), Araliaceae (cosmopolitan),
and Umbelliferae (cosmopolitan). The sequence of
differentiation is: Tasman basin, Indian Ocean basin,
Pacific basin, world.

An important Tasman—south-west Indian Ocean
pattern is illustrated by Gnaphalieae, a tribe of
Compositae with greatest diversity in South America,
Southern Africa, and Australia. The basal members
are South African. In the Australian members (84
genera), there is massive species diversity in south-
west western Australia but the basal clades are domi-
nated by perennial shrubs and alpine cushion-plants
from south-east Australia (Bayer, Greber & Bagnall,
2002). The most basal is the monotypic Paranten-
naria, restricted to the mountains on the border
of Victoria and New South Wales (Bogong High
Plains—Snowy Mts—Mt Bimberi). (It is a dioecious
cushion-plant and would traditionally have been
regarded as very derived). Bayer et al. accepted that
the pattern: South Africa, south-east Australia, south-
west western Australia, was attained through long-
distance, chance colonization. Instead, it is suggested
here that the topology represents a sequence of dif-
ferentiation in a widespread ancestor, first around
South Africa, then south-east Australia (Tasman
node), and then south-west western Australia, where
a final phase of extensive, low-rank evolution has
taken place.

The Tasman Sea region is diverse because there
has been a pool of diversity, or at least genetic pro-
pensity for diversity, on and around the component
terranes since before the last major modernization of
the major groups in the Mesozoic. The region does not
represent a ‘centre of origin’ for the cosmopolitan
groups in which Tasman clades are basal, but it may
well be the area, or one of the areas, where differen-
tiation began. The original centre of genetic diversity
on the Tasman region terranes has been exposed to
exceptionally high levels of tectonic activity in the
Mesozoic, including subduction, obduction, rifting,
orogeny, metamorphism and massive igneous emplace-
ments. Similar processes have occurred in the South
Africa/Madagascar region and western Mexico.

PACIFIC GEOLOGY

Tasman Sea—central Pacific-America affinities and
accreted terranes

Apart from the biological and geological connec-
tions of the Tasman region with Madagascar/South
Africa on one hand and southern South America on
the other (both parts of Gondwana), many Tasman
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groups have affinities in and around the central
Pacific. Other Tasman groups show connections with
western tropical America. Neither the central Pacific
nor Mexico—Central America was ever part of Gond-
wana. Likewise, the island arc-derived terranes that
make up large parts of modern eastern Australia,
New Zealand (Eastern Province rocks), New Cale-
donia and New Guinea formed in the Pacific Ocean
(or its precursor oceans on the Phoenix plate), not in
Gondwana.

The south-west Pacific island arcs are probably a
good analogue of the arc complexes that have accreted
to western North America and form large parts of the
continent. The idea that the Tasman Sea accreted-arc
taxa are simply Gondwanan has an exact parallel in
traditional interpretations of western Mexican groups
as Laurasian. Several basal groups cited above are
endemic to the Guerrero terrane, a large island arc
complex that accreted to Mexico from the Pacific in
the Jurassic—Cretaceous and forms the western half
of the country (Umhoefer, 2003). Weeks, Dal &
Simpson (2005) wrote that Laurasian vicariance can
account for the distribution patterns among the basal
lineages in Burseraceae’ (i.e. Beiselia of Michoacan)
but, like the Gondwanan explanation of the Tasman
Sea groups, this emphasizes something that is not
relevant and overlooks the fundamental importance
of Pacific accreted arcs for American biogeography.
Escalante et al. (2007) concluded that biogeographic
differentiation between western Mexico (Guerrero
terrane) and eastern Mexico is more fundamental
than the north and south difference in the country.
This is expected in accreted terrane theory but is not
predicted in dispersal theory which is based on north—
south and south—north dispersal (the ‘Great American
Biotic Interchange’). The basal endemics in Mexico—
central America are concentrated in the Michoacdn—
Guanajuato—Oaxaca sector of the Guerrero terrane,
around the Motagua fault in Honduras/Nicaragua,
and in the Antilles. Many of these survive on lime-
stone and young volcanics, the typical rock types of
their ancestral island arc habitat. In parts of the
Guerrero terrane occupied by Setchellanthus (basal in
a large clade of Capparales), levels of local endemism
‘approximate the rates found in insular floras’ (Iltis,
1999).

As with the south-west Pacific terranes and
western Mexico (Guerrero) terrane, the sectors of
accreted Pacific terranes in Colombia (east to the
Romeral fault zone; Chicangana, 2005) are highly
significant for biogeography. Also of interest are the
Jurassic—Lower Cretaceous island arc rocks that
form the Coast Range in Central Chile (at the
basal endemic centre; Fig. 3). These are possibly
allochthonous (Moores, Wakabayashi & Unruh,
2002).

The Pacific plate

The Pacific plate began to form in the mid-Jurassic
at the Tongareva ridge-ridge-ridge triple junction
(Larson et al., 2002). From here, the Pacific plate
expanded at the expense of the Phoenix, Farallon and
Izanagi plates that surrounded it (Fig. 5). Some of the
old biota preserved on the islands of the Phoenix plate
will have been transferred to the Tasman islands as
the Phoenix plate was subducted below New Zealand,
generating arcs and other terranes. For example, the
Mt Camel terrane of the Far North Peninsula and
Three Kings Islands (Nicholson & Black, 2004), main-
tains notable endemism and may represent a relic of
the Phoenix-Pacific ridge, the arrival of which blocked
subduction (Bradshaw, 2004). Similar processes took
place in the East Pacific/western Americas as the
Farallon plate was almost entirely subducted.

Large igneous plateaus in the central Pacific

In the Early Cretaceous, when the new Pacific plate
was still relatively small, the Ontong Java, Manihiki,
and Hikurangi plateaus were emplaced. The three
may have originally formed a single, very large
plateau (Taylor, 2006; Ingle etal., 2007). The
Hikurangi and Manihiki plateaus may have been
separated by spreading at the Osbourn trough
(Worthington et al., 2006). The Earth’s largest oceanic
igneous province (the Ontong Java Plateau) and the
largest silicic igneous province (the Whitsunday
igneous province of north-east Queensland, Lord
Howe Rise, New Zealand, and Antarctica) were
emplaced at the same time (Early Cretaceous,
approximately 120 Ma; Bryan & Ernst, 2007) and
these great tectonic events must have had a profound
impact on the contemporary biota.

In another type of tectonism, Vaughan & Liver-
more (2005) discussed episodicity of terrane accre-
tion on the Gondwana—Pacific margin. They cited
two major Mesozoic pulses, a Late Triassic—Early
Jurassic deformation associated with Pangaea
breakup, and a mid-Cretaceous deformation associ-
ated with the eruption of the oceanic plateaux, core-
complex formation, and the rifting of New Zealand
from Gondwana. Possible effects of the last event are
well-known to biogeographers but the earlier one
was probably just as important.

The Greater Ontong Java event covered approxi-
mately 1% of the earth’s surface with volcanic rocks
within a few million years. This is the largest volcanic
event in earth’s history and had a dramatic impact
on the life of the earth’s oceans. However, it is not
associated with a mass extinction (Hoernle et al.,
2004). Many populations and taxa will have been
extirpated, but the new volcanic strata, both subma-
rine and terrestrial, will have soon been occupied by
plants and animals. Many types of vegetation thrive
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Figure 5. The mid-Cretaceous positions of the central Pacific plateaus and the three spreading ridges that produced the
Pacific plate (simplified from Smith, 2007). The Pacific plate now occupies almost the entire Pacific basin. Spreading
ridges as double lines joined by single lines (transforms). Subduction zones as single lines around the Pacific margin. HR,
Hess Rise; MP, Mid-Pacific Mountains; ML, Magellan Plateau; MN, Manihiki Plateau; HP, Hikurangi Plateau (the last
two separated by the Osbourn Trough); OJ, Ontong Java Plateau; IT, Insular terrane; GU, Guerrero terrane; CA, Central
America arc; SJ, San Juan Plateau; PI, Pinon plateau; MT, Median Tectonic arc.

around active volcanism, for example rain-forest in
the islands off northern New Guinea and alpine
vegetation in New Zealand. New lava flows and ash
deposits are quickly colonized by the weedy taxa
in a region. Three-dimensional projections of the
Hikurangi Plateau show a spectacular rifted north-
eastern margin and, in the interior of the plateau,
massive seamounts up to 24 km across (Hoernle et al.,
2004). The seamounts are flat-topped guyots, indicat-
ing they were formerly island volcanoes that were
eroded to sea-level by wave-action and later subsided
to 2000 m below sea-level. Fossils of montane moss-
forest taxa (e.g. land snails) are known from several
Pacific atolls, again indicating islands that were for-
merly mountainous (Heads, 2006a).

In the north of New Zealand, emplacement of the
Northland-East Cape allochthon from the north-east
probably occurred in response to the collision of
the Hikurangi Plateau with eastern New Zealand
(Whattam et al., 2005). The Wishbone Ridge runs
north-east from the Hikurangi Plateau and is an
Early Cretaceous intra-oceanic arc (Fig. 4.; Mortimer
et al., 2006). Similar to the Hikurangi Plateau it has
collided with the Chatham Rise. Another arc, the
Loyalties—Three Kings Ridge, was active in the Cre-
taceous and at some stage accreted to New Caledonia

and New Zealand (east of the Three Kings Island). Its
history is important for biogeographically as the biota
of the Loyalties is so different from that of the main
New Caledonian island (Heads, in press a).

Some geologists have made the interesting sug-
gestion that the Ontong Java Plateau formed in
the central Pacific near the Gorgona Plateau, now
accreted in western Ecuador, western Colombia, and
the Caribbean. The Ontong Java Plateau former
moved westwards and eventually accreted with the
Solomons, whereas the Gorgona Plateau moved north-
east and collided with north-west South America/
Caribbean (Chicangana, 2005; Kerr & Tarney, 2005).
Chicangana discussed the possibility of a single, great
igneous province in the Cretaceous central Pacific
which subsequently split. These authors used
geochemical, geophysical and microfossil evidence, but
their ideas would also account for the Melanesia—
tropical America connections of many extant groups.

New models of intraplate magmatism and the
biogeography of Polynesia

In traditional dispersalist interpretations of oceanic
island biotas, a volcanic island just ‘pops up’ and its
location (apart from its distance from the mainland)
is not considered relevant. Islands are assumed to be

© 2009 The Linnean Society of London, Biological Journal of the Linnean Society, 2009, 96, 222—-245



236 M. HEADS

populated from the nearest mainland and endemism
is explained by isolation from the mainland. However,
if volcanism is not spatially random but recurs in
certain areas, volcanic islands might instead ‘inherit’
flora and fauna from prior volcanic islands in the
same region. This probably happens at subduction
zones. But even admitting that old metapopulations
might survive on young strata along arcs at plate
margins, as in Melanesia, surely populations on
intraplate volcanics, as in Polynesia and Micronesia,
are the result of long distance dispersal?

The plate tectonic model was proposed in the mid-
1960s and accounted for the distribution of most of
the volcanism on Earth’s surface, that at plate bound-
aries. However, it did not explain areas of unusually
profuse volcanism within plates (e.g. at Hawaii and
other Pacific islands). Hotspots and a mechanism for
producing them (i.e. mantle plumes) were proposed as
a second, independent mode of convection to account
for this type of volcanism and widely accepted.
Recently, however, explanations for ‘anomalous’ vol-
canism based instead on effects of plate tectonics have
come to rival the plume model (Foulger & Natland,
2003). In these alternative models, stresses produce
patterns of great fissures and systems of fissures
through the lithosphere along which seamount prov-
inces and linear chains form (Anderson, 2005, Ander-
son & Natland, 2005; Foulger et al., 2005; Foulger,
2007; Foulger & Jurdy, 2007).

Hot spot theory is one explanation for intraplate
volcanism, and some biogeographic patterns may be
caused by ‘integration’ of hot spot traces. However, the
hot spot theory only accounts well for one subset of
biogeographic tracks, those running parallel to plate
movement. The new ideas on volcanism are an inter-
esting alternative. They explain intraplate volcanism
not by plumes and hotspots but by stress- and crack-
controlled propagation of fractures and fissures. These
are set up by normal plate tectonics processes rather
than movement over fixed hotspots. In this model,
changes in patterns of stress orientation (rather than
shifts in plate motion over fixed hotspots) result in
changes in directions of volcanic chains (Natland &
Winterer, 2005). In the hotspot model, the youngest
island lies nearest the hotspot, the oldest island is
furthest away. However, this is also explained easily
by fissure propagation, and many islands arranged in
linear chains do not conform to age sequences. The
new model accounts for other geological ‘anomalies’
such as the large igneous plateaus, and also accords
much better with biogeographic patterns in the Pacific
because these resemble a network rather than a
simple pattern of parallel lines.

The islands of Polynesia and Micronesia are
some of the most isolated in the world. Despite their
small size they maintain many, well-marked regional

endemics. For example, Fitchia (Compositae/Aster-
aceae) is a small tree endemic to montane forest in
south-eastern Polynesia and is very distinctive. It
has stilt roots, the largest fruits in the family (5 cm
long not including the awns), and is viviparous (M.
Heads, pers. observ.,; Rarotonga, Cook Islands). It
has presumably survived as a metapopulation on the
volcanic islands and atolls which have come and
gone around the Manihiki plateau (Cook Islands/
Tokelau) and other localities in south-eastern Poly-
nesia. Its ancestors may date back to the origin of
the Pacific plate and the Cretaceous plateaus.
Fitchia is probably derived from weedy mangrove
ancestors which would have colonized any subaerial
parts of the plateaus and their seamounts in the
Cretaceous from other arcs and islands the region.
Some of their descendants have survived largely
in situ. Others may have been transported to north-
east New Zealand/Chathams Rise and accreted with
this part of the New Zealand plateau soon after its
split from Gondwana.

AGE OF TAXA: CALIBRATIONS BASED ON AGE OF
STRATA AND ISLANDS ON WHICH TAXA ARE ENDEMIC

Donoghue & Benton (2007) claimed that ‘all molecular
clock analyses rely on palaeontological data for cali-
bration’, but this is incorrect. Many studies have
acknowledged the problems with fossil dates, espe-
cially the absence of a fossil record in most groups.
Some have adopted another method and used the age
of islands on which taxa are endemic to calibrate
clocks. However, this will give dates that are much too
young, as in fossil-based calibrations. Murienne et al.
(2005) used the age of the Loyalty Island, the young
atolls off New Caledonia which currently cap the
Loyalty Ridge, to calibrate a clock for endemic insects
there, but the Loyalty Ridge itself was active back to
the Cretaceous. Monaghan et al. (2006) used a sug-
gested age of Kadavu I. in Fiji as 1.5-2.5 Ma but, prior
to the current period of ‘ocean island basalt’ eruptions,
which cover earlier strata, Fiji was part of a major arc
(producing andesites) which lasted from Eocene to
Miocene time (Colley & Hindle, 1984, Cronin, Ferland
& Terry, 2003). In New Zealand, Bayly et al. (2000)
wrote that “The distribution of Hebe stenophylla in the
North Island cannot predate the formation of the
landscapes that it occupies’. Again, this view is based
on a literal reading of available stratigraphy and
overlooks tectonics. Most of the south-west Pacific
islands are young but have formed at subduction zones
and fissures which have existed for tens of millions of
years longer than the individual islands.

The Lesser Antilles, like many Pacific islands,
have formed at a subduction zone. Endemics on the
Lesser Antilles (including ‘Cichlherminia’, basal to a
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global clade of thrushes) are generally assumed to
be no older than current rocks, which are young
volcanics and limestone. However, there is good geo-
logical evidence for earlier arcs lying buried beneath
the southern Lesser Antilles (Speed et al., 1993).

Endemic taxa survive as populations of populations
(metapopulations) on the individually ephemeral
islands which come and go around zones of subduc-
tion, rifting, etc. It is the age and tectonic history of
the different cracks and margins, not the particular
products (i.e. the islands), that are of primary rel-
evance for biogeography. Calibrating a tree using the
age of volcanic islands will almost automatically give
dramatic underestimates for taxon ages. Basing cali-
bration on the fossil record will also generally give
underestimates, so the reciprocal ‘corroboration’ often
found in studies using these two essentially strati-
graphic methods is meaningless.

Many of the examples cited in the present study are
from angiosperms. From the 1970s until recently,
the angiosperms as a whole were thought to have
originated in the Cretaceous, the age of the earliest
accepted fossils. However, molecular studies have
now shown that angiosperms are basal to the extant
gymnosperms (conifers, cycads, and Gnetales), a
group with many Paleozoic fossils (Chaw et al., 2000;
Bowe et al., 2000). Angiosperms were formerly as-
sumed to have been derived from within the gymno-
sperms and so angiosperms are probably much older
than was thought.

ARE THE GLOBALLY BASAL GROUPS THE RESULT OF
LONG ISOLATION?

Many studies have attributed endemism around the
Tasman Sea to long isolation on the islands, which
they interpret simply as ‘fragments of Gondwana’.
However, it is not isolation in itself that has led to the
evolution of basal groups and other endemics there.
The location of any group is primarily related to the
distribution of its ancestor and, in particular, the
distribution in the ancestor of genetic propensity or
predisposition for diversification (Lovette, Berming-
ham & Ricklefs, 2002; Davies et al., 2004). In any
case, the east Australian nodes intimately associated
with the Tasman Sea centres all occur on mainland,
as do the South African and Tanzanian parts of the
node centred on Madagascar. Biogeographers have
known about the great diversity of South Africa and
Madagascar (i.e. mainland and island) for centuries.
Traditionally, the two have been explained as sepa-
rate phenomena. However, the last main differen-
tiation of taxa in South Africa, the Mozambique
Channel, and Madagascar may instead all be the
result of Jurassic-Early Cretaceous folding and
rifting (Craw et al., 1999) as in the Tasman.

ARE THE TASMAN-CORAL SEA GROUPS GONDWANAN?

Despite the central Pacific endemism, the idea that
Tasman Sea groups are simply Gondwanan persists.
Barker et al. (2002) found Acanthisittidae to be sister
to all other passerines. They also noted that the
earliest passerine fossils are from the early Eocene of
Australia, and they supported a Gondwana origin for
the passerines. They also suggested an Australo-
Papuan centre of origin for oscines (the largest group
of passerines), with the radiations of the large crown
clades Corvida and Passerida the result of dispersal
northwards. Ericson et al. (2002) also found that the
New Zealand wrens were sister of all the other pas-
serines, ‘supporting a Gondwanan origin and early
radiation of passerines’. Edwards & Boles (2002)
argued that ‘Both papers find that the New Zealand
wrens fall at the base of the passerine radiation,
implying an origin of this clade in Gondwana’.

However, jumping from the recognition of basal
clades in New Zealand and Australasia to the idea of
a Gondwana origin and dispersal northwards may not
be as logical as it seems. With respect to the role of
Gondwana, Australia was part of the supercontinent,
but many terranes in New Guinea, New Caledonia
and New Zealand formed in the ocean and were only
accreted to Gondwana in the earliest Cretaceous,
rifting away again in the mid-Cretaceous.

With respect to origin and dispersal, the ‘basal’ New
Zealand wrens are not the ancestor of the passerines,
just a small sister group, and their location in New
Zealand does not represent the centre of origin of
the passerines, only of Acanthisittidae. It is likely
that pre-passerines were already globally widespread
when the differentiation between Acanthisittidae and
the others occurred, somewhere near the terranes
now assembled around the Tasman-Coral basins. This
process does not require improbable, one-off coloniz-
ing flights over tens of thousands of kilometres, only
local movement leading to sympatry of the wrens and
other passerines in New Zealand, and Amborella and
other angiosperms in New Caledonia, etc.

In another example, the wattlebirds of New
Zealand and New Guinea may be basal in a large,
cosmopolitan clade, ‘Crown Corvida’. Despite the
notable absence of the wattlebirds from Australia
(there is plenty of suitable habitat there) Cracraft
et al. (2004) wrote that ‘The basal position of these
groups relative to the remaining Corvida provides
persuasive evidence that the group as a whole had its
origin in Australia (and perhaps adjacent Antarc-
tica) . ... In fact, the topology is good evidence that
the basal group at least has not been involved with
Australia. Differentiation in proto-Crown Corvida
may well have begun around the New Zealand—New
Guinea region, but this does not mean that the Crown
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Corvida had its origin here. Other dispersal interpre-
tations of the New Zealand—New Guinea wattlebirds
assume these (Shepherd & Lambert, 2007) or their
last common ancestor (Ewen et al., 2006) migrated to
New Zealand, but no evidence or discussion was given
to support the idea.

In geology, as in biogeography, New Zealand, New
Caledonia and New Guinea are not simply ‘parts of
Gondwana’. Some of their terranes are fragments of
the margin or edge of Gondwana, but others were
never part of Gondwana (the Northland-East Coast
allochthon in New Zealand, the Loyalties-Three
Kings Ridge, the Ontong Java—Manihiki-Hikurangi
plateau, many terranes in New Guinea). Dispersalist
accounts often emphasize that some New Zealand
terranes are made up of deep sea sediments and so
are not relevant to terrestrial biogeography. However,
the history of a terrane after its formation is often
more relevant for biogeography than its origin. In
addition, the oceanic terranes typically include at
least small amounts of material derived from, or
associated with, island arcs or seamounts. This mate-
rial and the biogeographic patterns are the only trace
of a former geography.

Until the 1970s, New Zealand was seen as the
vertical development of a single landscape feature,
the New Zealand geosyncline. However, the New
Zealand continent is now recognized as a zone of
lateral accretion with arc after arc having arrived in
the region from the east (Pacific) and being added to
the pile. Unfortunately, the history of the Pacific
region itself during this time is very poorly under-
stood as there are no rocks there older than the
Jurassic. The formation and growth of the Pacific
plate has completely destroyed the prior geography,
the only fragments left are traces of arcs and sea-
mounts in terranes and slivers now accreted around
the margins of the basin. The significance of arcs in
the Pacific region even before the formation of the
modern Pacific basin is undeniable though. Even the
oldest basement rocks of mainland New Zealand (the
lower Paleozoic Western Province terranes) include
arc-derived material. After their formation some-
where in the ‘pre-Pacifi¢’ Ocean (Panthalassa), these
arc terranes were fused to Gondwana (eastern
Australia/Antarctica) and a series of arcs, plateaus,
blocks of ocean floor, etc. were added through the
Paleozoic and Mesozoic. The whole sequence eventu-
ally rifted away from Gondwana but continued to
collide with further accreting terranes in the Cenozoic
(Northland-East Coast allochthon, etc.).

It is often assumed that the Pacific arc terranes
were all sterile at the time of their accretion with
Gondwana; the terranes formed and emerged
immediately off the Gondwana coast and were colo-
nized solely by the Gondwana biota. Describing

this process, Winkworth et al. (2002) wrote that ‘the
origins of the earliest colonists seem straightforward’
and the biota of New Zealand, when it eventually
rifted from Gondwana, was ‘identical’ to that of Gond-
wana (Campbell & Hutching, 2007). However, there is
no need to assume that the arcs were only populated
from the Gondwana mainland (or that the biota
of Gondwana was homogeneous). The plants and
animals of the Pacific and pre-Pacific arcs and intra-
plate volcanics would have been just as significant.
The idea that Gondwana was full of life and the
Pacific and pre-Pacific were empty is very unlikely.
There were always many islands in the Pacific region,
even before the formation of the current Pacific basin,
and even a small tropical island, let alone an entire
arc, can maintain a diverse biota. The history of the
old central Pacific biota together with the Gondwana
biota is key to understanding the biogeography of the
Tasman region.

CONCLUSIONS
PACIFIC TECTONICS

The Tasman region is more likely to be a centre of
juxtaposition than a centre of origin or radiation. The
Pacific biotas are now piled up in and around the
south-west Pacific but the arcs and plateaus that they
arrived on were originally widespread over the
pre-Pacific and Pacific (cf. Kerr & Tarney, 2005).
Subsequent to continued terrane accretion and tec-
tonic erosion, many terranes in New Zealand and
New Guinea have been reduced to thin slivers.
Others have disappeared altogether with subduction,
although some of their taxa may have survived by
being ‘scraped off’ or obducted.

Biologists often regard New Zealand as ‘part of
Gondwana’, but it is more complex than that and
geologists are often more careful, describing it as ‘part
of the edge of Gondwana’. In the present study, it is
stressed that parts of New Zealand and New Cale-
donia formed part of the edge of Gondwana for part of
the Cretaceous. It is also emphasized that the Pacific
side of the edge is just as important for the biogeo-
graphy as the Gondwana side. New Zealand, New
Caledonia and New Guinea, along with eastern Aus-
tralia and the Bismarcks/Solomons, are thus part of a
globally significant geological ‘edge’, and the fauna
and flora represent a globally significant biological
‘edge’ or ‘split’, clearly marked by the basal endemics.
It is likely that the two phenomena are causally
related. The Mesozoic geological revolution (the Ran-
gitata orogeny, etc.) was also the last major phase of
modernization in the earth’s plants and animals and
resulted in the old biota being metamorphosed into
the new, Cenozoic biota.

© 2009 The Linnean Society of London, Biological Journal of the Linnean Society, 2009, 96, 222—-245



GLOBALLY BASAL CENTRES OF ENDEMISM 239

Important new geological discoveries in the Tasman
include fossil wood on the vast Ontong Java Plateau,
evidence for a large, long-lived Paleogene island
between New Zealand and New Caledonia (Meffre,
Crawford & Quilty, 2007), and many large, drowned
seamounts on the Hikurangi and Manihiki Plateaus.
These are all compatible with the initial differentia-
tion of passerines and angiosperms having taken
place around the terranes currently located in the
south-west Pacific region.

The island arcs in the south-west Pacific are
usually interpreted as landbridges or ‘stepping-
stones’, merely providing routes of dispersal into the
Pacific or from one part of it to another. However, the
basal endemism on these islands shows that this is
unlikely. Old endemic taxa have survived in situ,
subsequent to their origin, on young islands. This
hardly seems possible, but although the islands and
arcs are individually ephemeral, new ones are con-
stantly being produced and regional endemics survive
and evolve as metapopulations. In this way, the dif-
ferent centre of endemism in the Pacific can be much
older than the islands and reefs currently in the area
(M. Heads, in press b).

Traditional, fossil-based biogeographic narratives
have always used the twin concepts of centre of origin
and chance dispersal. These explained all patterns
easily but attention was deflected away from under-
lying tectonics and onto the details and vagaries of
stratigraphy. However, it is suggested here that
island biogeographers should turn from studying the
ages and extrapolated ages of individual islands to
re-examining the general history and evolution of
subduction zones, spreading centres, fissures, arcs,
back-arc basins, and accreted terranes.

MOLECULAR PANBIOGEOGRAPHY

The fundamental importance of geography is a re-
curring theme in current molecular studies. Many
studies are finding clades that are radically incongru-
ent with earlier morphological classifications but are
instead strikingly geographic, often much more so
than the earlier arrangements (e.g. Larsen et al.,
2007; Stadelmann et al., 2007; Stefanovié, Kuzmina &
Costea, 2007). In most large groups, for example
mammals (Wildman et al., 2007), the importance of
geographical allopatry among the main clades is rec-
ognized. This discovery has already impressed some
(Avise, 2007) but its full implications have yet to sink
in. It provides some of the strongest evidence yet that
geographical distribution has a determined, genetic
relationship with phylogeny and is not the result of
chance movement or founder dispersal. Recognition of
this relationship should encourage authors to map
their clades and lead to a renewed interest in com-
parative biogeography.

With on-going work, the distribution patterns in
most groups are becoming more and more clearly
geographic, but this satisfying progress in describing
the patterns of distribution and phylogeny has not
been matched by increased understanding of the
process which has given rise to them. Traditional
scenarios base chronology on oldest fossil calibrations
and clock-like models of evolution (neither is accepted
here). They usually conclude in favour of chance pro-
cesses or admit that the means of dispersal are not
evident. In a typical example, Mayr & Diamond
(2001) frankly admitted that bird distribution in the
southern Solomons (San Cristobal and Rennell) is a
mystery and a paradox. However, they interpreted
the birds of the Solomons and Bismarcks as the result
of recent dispersal from the mainland and did
not consider pre-Pleistocene geology. In fact, the
Solomons are a major centre of bird endemism. The
pantropical tree genus Ficus (figs) is another group
with exceptionally high diversity in the Solomons
rain-forests. Corner (1967) wrote that the classifica-
tion of Ficus in the area ‘is too closely-knit with
geography to admit the prevalence of random dis-
persal’. He also observed that ‘as the islands are very
far away, we are led to think of their problems as
marginal and irrelevant to the mainspring of life’.
Corner (1969) argued instead that they held ‘impor-
tant keys to the evolution of flowering forest’ and he
also related the problem to the trans-tropical Pacific
connection. In the Americas, the number of plant
species in each country relative to the country’s area
is much higher in Costa Rica and Panama than in any
South American country (Prance, 1994). This signifi-
cant pattern is probably associated with prior diver-
sity around the accreting Costa Rica—Panama—Choc6
terranes (Chicangana, 2005) and biogeographic/
tectonic affinities with the central and south-west
Pacific.

Geologists do not agree about many aspects of the
Cretaceous-Cenozoic history of the south-west Pacific,
let alone earlier periods when the basal groups origi-
nated. Many tectonic models for the region have been
proposed (Schellart et al., 2006). They stress different
sets of data and reach different conclusions. For
example, some models have the Australia/Pacific
plate boundary (i.e. a subduction zone with its atten-
dant island arcs) developing near the coast of Austra-
lia, others have it much further offshore from an early
time (Kroenke, 1996; Hall, 2002). Johnston’s (2004)
orocline model is quite different from all the others
and proposes direct connections between New Cale-
donia and New Guinea, the two comprising an impor-
tant centre of endemism.

Biogeography offers an independent data set. Craw
etal. (1999) suggested that life is the uppermost
geological layer which differs from other strata
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through its ‘stickiness’ or ‘weediness’, and hence its
resistance to erosion, but which evolves with the
terranes it survives on as metapopulations. In this
way, the geography of a group can represent inherited
information, passed on with minor modifications for
tens of millions of years. If this is true, distributions
and relationships like those reviewed here can con-
tribute to a coherent synthesis of tectonics and bio-
geography in the south-west Pacific.

The ‘invasion from the north’ theory of Asian—
Australasian—Pacific biogeography denied the flora
and fauna of the south-west Pacific and the region
itself any fundamental significance in the global evo-
lution of the main groups. By contrast, a synthesis of
biogeography and molecular biology which focuses on
clade distribution and tectonics rather than fossil-
based clock dates, branch Ilengths, and species
numbers, indicates that the Tasman-Coral Sea region
is one of the primary evolutionary centres of modern
life. A preliminary survey indicates that the south-
west Indian Ocean region and parts of Latin America,
especially western Mexico, are the others.
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