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The biogeographic relationships 
shown by the plants and animals of 
Australasia have long fascinated biolo- 
gists. Because many widely different 
taxa (such as marsupials and Notho- 
fagus) are common to temperate South 
America and to temperate Australia- 
Tasmania or New Zealand, some biolo- 
gists, especially those in the Southern 
Hemisphere (1, 2), have espoused Weg- 
ener's (3) idea of continental drift to 
explain the relationships. In contrast, 
biologists in the Northern Hemisphere 
have remained largely skeptical (4) or 
have placed changes in the relative posi- 
tions of land masses so far in the past 
that they would have had little or no 
effect on modern distributions (5). 

During the past 5 years, however, 
the emergence of the theory of plate 
tectonics has provided a better under- 
standing of the history of the earth's 
crust (6) and, hence, a more reason- 
able basis for explaining many prob- 
lems of biogeography. As lavas form 
new ocean floor and grow laterally 
from ridges, the lighter, buoyant con- 
tinents are rafted to new positions at 
rates of several centimeters per year 
through periods (and eras) of geologic 
time. Fully half the ocean floor is there- 
fore of Cenozoic age, whereas the con- 
tinents include the oldest rocks. Plate 
tectonics has subsumed earlier ideas of 
continental drift and is now generally 
accepted by geologists. 

A reevaluation of the distribution of 
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plate was largely submerged (15, 25, 
26). The present regional geography of 
Australasia (Fig. 1) resulted from the 
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place Australia 30? south of its present 
position are in conflict with biological 
evidence bearing on the position of 
Antarctica before the commencement 
of the movement (33). Current recon- 
structions of the positions of continents 
differ because plate movements are rel- 
ative, and to indicate them, one area 
(such as Africa or Antarctica) has to 
be considered fixed. 

By Miocene time, Australia had been 
rafted to about 10? south of its present 
position (14, 15, 32). The northward 
movement of New Zealand has been 
much less, and its isolation has been in- 
creased by the foundering of the Camp- 
bell Plateau. 

These tectonic reconstructions are 
consistent with geologic evidence. New 
Zealand (34) and New Caledonia (35) 
consist of similar rocks of lower Meso- 

zoic, Paleozoic, and probably greater 
age (36). Fiji is composed of ophiolites 
(slices of ocean floor, upper mantle 
rocks, and associated sedimentary rocks) 
that can be associated with the growth of 
island arcs. It was uplifted in the Eocene, 
probably as a result of the collision of 
the Pacific and Australian plates. How- 
ever, the Solomon Islands and New 
Hebrides consist of rocks formed in in- 
ner arcs, and are Miocene archipelagos 
constructed behind the frontal arc sys- 
tem (12, 27, 37). The opening up of 
the Tasman basin, which contains con- 

tinental rocks in Lord Howe Rise and 
Norfolk Ridge (23, 36, 38), has been 
related to the separation of Australia 
and Antarctica in the middle Eocene 
(45 million to 49 million years ago). A 
similar age has been postulated for the 
formation of the New Caledonia, South 
Fiji, and Coral Sea basins (24, 27). 
Topologically, reversing the movements 
would close the Tasman Sea and pull 
back the Campbell Plateau, New Cale- 
donia, Fiji, Lord Howe Rise, and Nor- 
folk Ridge close to the Australian main- 
land in the Paleocene (15, 17, 22, 28) 
(Fig. 2). 

New Guinea, which defines the lead- 

ing edge of the Australian plate, was 

largely submerged during its early 
northward movement (15, 25, 26). A 

period of moderate uplift that began 
in the late Oligocene and continued 
through the Miocene resulted from in- 
teraction between the Australian and 
Asian plates (26, 39, 40), 

At the start of its northward move- 
ment 45 million to 49 million years 
ago, northern Australia, consisting of 

present northern Queensland and the 
now submerged Queensland Plateau 
(41), was all well south of the Tropic 
of Capricorn and mostly south of lati- 
tude 28?S, at approximately the present 
latitude of Brisbane. The emergence of 

large lowland areas of New Guinea 
above the sea during the Miocene ad- 

Fig. 1. Present regional geography of Australasia and southern Malaysia. 
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vanced the land edge of the Australian 
plate about 10? of latitude, for the first 
time providing extensive land areas 
within the tropics (15). 

Many of the events in the area, in- 
cluding uplift of the mountains of New 
Guinea (26, 39, 40) and Malaysia 
(42) as well as Australia (43) and 
New Zealand (44), and the associated 
submergence of the Queensland Pla- 
teau (41), occurred in the past few 
million years. Much of this resulted 
from collision of the Australian with 
the Asian plate (24, 26, 39, 40). 

Manifestly, (i) the northward raft- 
ing of the Australian plate and its frag- 
ments to new climates, (ii) the isolation 
of plate fragments by local sea-floor 
spreading, (iii) the appearance of new 
volcanic archipelagos and large islands, 
and (iv) the subsidence or founder- 
ing of old plate fragments had pro- 
found consequences for the history of 
life in this region. 

Austral Distribution Patterns 

Many disjunct distribution patterns 
in the Southern Hemisphere reflect the 
geography of the region in the middle 
Cretaceous, when Africa, South Amer- 
ica, and Australia were connected with 
Antarctica. The temperate parts of this 
austral landmass supported a mixed 
forest of austral gymnosperms and 
evergreen angiosperms, including mem- 
bers of the Podocarpaceae, Araucari- 
aceae, Araliaceae, Myrsinaceae, Pro- 
teaceae, Winteraceae, Atherosperma- 
taceae (45), Lauraceae, Malvaceae, 
Loranthaceae (46), Sapindaceae, Casu- 
arinaceae, and Myrtaceae, as well as 
Nothofagus and Gunnera (47-51). 
Associated with the forest were herba- 
ceous and shrubby plants, such as 
Cruciferae (49), Pedaliaceae (50), 
Liliaceae (49), Epacridaceae, and pos- 
sibly Umbelliferae subfamily Hydro- 
cotyloideae; many groups of insects, 
among them Peloridiidae, Idiostolidae 
(52), Belidae, Plecoptera (53) and 
Carabidae-Migadopinae; other inverte- 
brates, such as Onychophora (2, 5, 7, 
54-56); and some bryophytes (57). 
The descendants of a number of these 

groups have become disjunct between 
South America and Australasia (58, 
59). Direct overland migration between 
South America and Australia probably 
was feasible until approximately 45 
million to 49 million years ago (50, 55, 
60). Consequently, these two regions 
share more similar plants and animals 
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than do other southern lands, as 
stressed by Brundin (61). 

Among the vertebrates, marsupials 
must have been present in association 
with this forest (62). They first appear 
in the fossil record in the Albian of 
North America (more than 100 mil- 
lion years ago) and may have origi- 
nated there or in South America, where 
they are first known from the Upper 
Cretaceous (perhaps 80 million years 
ago). There was interchange between 
the landmasses of the Northern and 
Southern hemispheres during the Creta- 
ceous, and marsupials certainly reached 
Australia via Antarctica (63, 64). Six 
endemic families had developed in 
Australia by the late Oligocene (65), 
when the group first appears in the 
fossil record. Marsupials are, and seem 
always to have been, absent from New 
Zealand (51), which implies that they 
reached Antarctica after New Zealand 
separated from it, about 80 million 
years ago (11, 18, 29). 

Hylid frogs evidently originated in 
South America and had a history simi- 
lar to that of the marsupials, as sug- 
gested by their absence from the Old 
World tropics and Africa; Ockham's 
razor rules out Darlington's elaborate 
alternative hypothesis based on radia- 
tion from the Old World tropics (4). 
Leptodactylid frogs (66, 67) and 
chelyid and meiolaniid turtles (5) evi- 
dently were present on this continuous 
southern land, but like marsupials, they 
seem to have reached Australia after 
New Zealand separated from Antarctica. 

Ratite birds appear to have crossed 
Antarctica to reach their scattered sta- 
tions in the Southern Hemisphere (2, 
7, 68, 69). Their presence in Africa 
and New Zealand suggests that this oc- 
curred by the middle Cretaceous, more 
than 90 million years ago. Ceratodont 
lungfishes must also have reached 
Australia from the south during the 
Mesozoic, contrary to the arguments of 
Darlington (5). Most modern birds 
(70), lizards, and snakes (4), on the 
other hand, attained their present dis- 
tributions after the lands of the south- 
western Pacific reached approximately 
their present positions, in the late Terti- 
ary and subsequently. 

In general, it is the more generalized 
or primitive representatives of a partic- 
ular group that display austral distri- 
bution patterns, as emphasized by 
Mackerras (56). This implies that in 
many groups the more advanced forms 
have evolved or radiated in post- 
Eocene time. 
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Austral Biota in Africa 

The separation of Africa from South 
America took place in the early Albian 
(about 110 million years ago) (12, 13, 
16, 71), while the separation of Africa 
from Antarctica seems to have taken 
place as much as 20 million years later. 
Even long after these lands had sepa- 
rated, access across narrow seas and 
via volcanic islands on the midocean 
ridges continued to be possible. Al- 
though Africa is now all north of lati- 
tude 35?S, and thus affords much less 
scope for cool-temperate plants and 
animals than South America, Australia, 
or New Zealand, it does have some 

Fig. 2. Reconstruction of Australasia by 
Griffith and colleague (17, 28). A Senon- 
ian date (80 million years ago) appears 
reasonable. Proteaceae and Nothofagus 
were present in Australia, New Zealand, 
and doubtless New Caledonia at this time 
(49, 50, 77), but mammals do not seem 
to have arrived until later, since they 
are absent (except for bats) on the is- 
lands east of Australia. Monotremes are 
apparently of Triassic origin, but it is 
not known when or how they reached 
Australia. 

taxa of austral affinity. These reflect 
the time when it was joined with Ant- 
arctica and was some 15? south of its 
present position, approximately 90 mil- 
lion years ago. 

The austral gymnosperms Arau- 
caria (now extinct in Africa) and 
Podocarpus (48, 72), some chironomid 
midges (61), and perhaps ratite birds 
(2, 73) seem to have reached Africa 
overland from the south. Very few 
angiosperm distribution patterns are 
comparable, however, which accords 
with a Tertiary origin for most genera. 
Pollen that can definitely be referred to 
living angiosperm genera is first known 
from the Senonian (67, 74, 75), that 
is, about 75 million years ago. It is 
problematic whether any living genera 
of angiosperms existed when Africa 
was directly connected by land with 
South America (110 million years ago) 
or Antarctica (about 90 million years 
ago), but some evidently evolved when 
there was fairly direct communication 
between these lands. There are numer- 
ous transtropical links involving Africa 
and South America (71, 76). Despite 
intensive searching, Nothofagus, which 
first appears in the fossil record of Aus- 
tralia, New Zealand, and Chile about 75 
million years ago (49, 50, 77), has not 
yet been found in Africa (78, 79). 

On the other hand, a few austral 
groups of angiosperms do seem to re- 
flect former connections. The pattern 
of relationship in Proteaceae, best de- 
veloped in Australia but with three 
groups in Africa [Brabeium, Dilobeia, 
and 13 of 19 genera of the tribe 
Proteeae (80)], is difficult to explain 
in any other way. The much closer re- 
lationships between the South Ameri- 
can-Australian and Asian-Australian 
proteads than between the African- 
Australian ones is in accordance with 
the suggested relationships. Proteaceae 
first appear in the fossil record with 
Nothofagus in the Senonian, that is, 
75 million years ago (67, 74, 75), when 
Africa and Antarctica were still rela- 
tively close. Possibly Restionaceae, with 
a very diverse assemblage of genera in 
Australia and one very distinct group 
of genera centering around Restio s. 
str. that radiated extensively in south- 
ern Africa (81), provide another ex- 
ample. In addition, the families Chlor- 
anthaceae and Winteraceae and the 
genera Hibbertia (Dilleniaceae), Ker- 
audrenia and Rulingia (Sterculiaceae) 
are disjunct between the Australasian 
region and Madagascar (19), but do 
not occur on the mainland of Africa, 
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where they may have become extinct. 
Analogous distributions, differing in de- 
tail, are found in Adansonia, Cossignia, 
Cunonia, Monimiaceae, and Brexiaceae 
(82). Most herbaceous plants disjunct 
between the two areas [for example, 
Compositae; but compare (75, 83)] 
probably attained their present distri- 
butions as a result of long-distance dis- 
persal during the late Tertiary (84). 

Relationships with the 

Northern Hemisphere 

The ancestors of some southern 
plants and animals, like Nothofagus 
(79, 85), the marsupials, and hylid 
frogs, probably passed between the 
Northern and Southern hemispheres by 
way of Africa and Europe, since land 
connections were absent in Middle 
America (64, 86). The relatives of 
Nothofagus are all northern, and the 
evidence for its presence in the fossil 
record in Africa is weak (78, 79). Such 
a path is also implied by the existence 
of pollen of Proteaceae in the Late 
Cretaceous of North America, South 
America, and Nigeria; its simultaneous 
predominance (with Nothofagus) in 
Australia and Antarctica; and its ab- 
sence in Borneo, where extensive sam- 
ples have been studied (67, 74, 75). The 
occurrence of such present-day austral 
plants as Hibbertia (Dilleniaceae), 
Leucopogon (Epacridaceae), and Rest- 
ionaceae in the Paleocene London Clay 
of southern England (87), Araucaria 
in the Mesozoic (48) and lower Terti- 
ary (87) of Europe, and Podocarpus in 
the Tertiary of Europe (88) and North 
America (89) is evidence of Cretaceous 
links between the two hemispheres. 
This is not surprising for many plant 
families that are best developed today 
in the tropics and subtropics also reach 
into both the northern and southern 
mild-temperate regions (for example, 
Lauraceae, Palmae). The extinction of 
austral taxa in the north in response to 
more extreme climates has resulted in 
their present restriction to the Southern 
Hemisphere. 

Other groups migrated into the South- 
ern Hemisphere by long-distance dis- 
persal across mountains uplifted in 
Malaysia and New Guinea in the late 
Pliocene and Pleistocene (90, 91); 
these presumably include Veronica (59, 
92), Euphrasia (75, 93), Poa, Carex, the 

apioid Umbelliferae, and others that 
account for many bipolar distributions 
(94-96). The rich secondary radiation 
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of species of some of these taxa in the 
newly formed subalpine and alpine habi- 
tats of New Zealand (95) has at times 
led to the unwarranted assumption that 
they must possess great antiquity in 
Australasia, although it agrees in rate 
with other examples of adaptive radia- 
tion on islands (97). We suggest that 
all these groups reached New Zealand 
from Australia by means of the pre- 
vailing westerlies in the Pliocene or 
more recently (98). 

The post-Eocene northward move- 
ment of Australia has been responsible 
for strengthening the prevailing wester- 
lies (roaring forties, screaming fifties) 
into a dominant feature of world me- 
teorology (98). This change in pattern 
may be related to the cooling trend 
in Antarctica that was evident by the 
late Miocene (99). With an ever-in- 
creasing thermal gradient between high- 
er and lower latitudes, the winds would 
increase in velocity, and the oppor- 
tunities for dispersal of seeds, spores, 
and small animals between the scattered 
southern lands would be enhanced (58, 
59). 

Australia 

Many groups of archaic angiosperms 
occur today in the region from Aus- 
tralasia to Assam (85, 100). They be- 
came associated in this part of the 
world only in the Miocene, when the 
north-moving Australian plate collided 
with the Asian plate. Thus, the region 
as a whole could not have been an im- 
portant early seat of evolution. Wal- 
lace's line (4, 101), which defines the 
region of mixing of Oriental and Aus- 
tralian plants and animals, came into 
existence when the plates collided. 
Many angiosperms crossed this line af- 
ter the late Miocene [for example, 
Drimys, Eucalyptus, Helicia, Cunonia- 
ceae, Philydraceae, Casuarinaceae (67, 
102), Magnoliaceae, Dipterocarpaceae, 
Annonaceae], as have a great number 
of other plants and animals (4, 101, 
103). 

The northward movement of Aus- 
tralia across at least 15? of latitude in 
the past 45 million to 49 million years 
took place during a worldwide trend to 
decreased temperatures (49, 104). This 
movement into more moderate climates 
favored the survival of many archaic 
angiosperms, especially on islands. Al- 
though Australasia as a whole has be- 
come more accessible to immigration 
from Malaysia, islands such as New 

Caledonia and Fiji have become more 
isolated, and relict biota have survived 
in their highly equable climates. 

The Australian desert and semidesert 
developed in post-Eocene time as the 
continent moved into the horse latitudes, 
the worldwide belt of reduced precipi- 
tation at the edge of the tropics. As 
stressed by Herbert'(105), the taxa that 
made up the xeric vegetation of Aus- 
tralia can readily be linked with ances- 
tral forms that occur in more mesic 
sites marginal to present desert and 
semidesert areas (80, 106). Communi- 
ties of plants adapted to semiarid con- 
ditions may have existed locally along 
the northern margins of Australia even 
during Late Cretaceous time, as suggest- 
ed by the presence of Adansonia and 
the great diversity of the bee family 
Colletidae (107). Pockets of sclerophyll 
vegetation almost certainly existed on 
infertile soils at this time and may have 
formed important source areas during 
the Tertiary. Descendants of the plants 
and animals found in these habitats be- 
came widespread as aridity achieved a 
continental scope in the Tertiary. Thus, 
evolution in response to expanding dry 
climate accounts for the rich flora and 
fauna of semiarid and arid Australia 
(107), a phenomenon typical of other 
dry regions as well. 

As Australia continues to move north 
(108), the cool-temperate rain forest in 
its southeastern corner and in Tasmania 
will be replaced by subtropical and then 
by tropical rain forest, aside from the 
effects of human disturbance. The areas 
of mediterranean climate in its south- 
western and southern parts will become 
desert, and the thousands of species of 
plants and animals that typify its medi- 
terranean ecosystem will become ex- 
tinct. At the same time, the central 
area of Acacia shrublands and low 
woodlands will change to savanna and 
then to rain forest, and the present des- 
ert area will become more moist and 
suitable for open, xeric woodlands and 
savanna. 

New Zealand 

Much of the present lowland flora 
of New Zealand (109, 110) is similar 
to that of temperate Gondwanaland 80 
million years ago. Relationships with 
other lands (110, 111) reflect the com- 
mon origin of these lands and New 
Zealand in the breakup of the Austra- 
lasian region. New Zealand has been 
forested throughout most of its history 
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and has been an archipelago since the 
Late Cretaceous (51, 112), at times 
much smaller than at present. It has 
always had a highly equable oceanic 
climate that was maintained at a rela- 
tively stable temperature range as the 
archipelago moved north. In the Creta- 
ceous, New Zealand was joined to West 
Antarctica (Marie Byrd Land) and 
fronted the broad Pacific, whereas Aus- 
tralia was joined to East Antarctica 
(Wilkes Land) and was situated in the 
lee of Africa-Madagascar-India. Con- 
sequently, New Zealand would have had 
a colder, cloudier, and rainier climate 
than Australia, even at that time. Hence, 
the absence of such characteristically 
Australian plants as Acacia, Eucalyptus, 
and Xanthorrhoea may be explained 
partly on ecological grounds (105). 
Moreover, New Zealand has been iso- 
lated from Australia-Antarctica for 
some 80 million years, which helps to 
explain the distinotiveness of its plants 
and animals (61). 

The frog Leiopelma, the tuatara 
(Sphenodon), and ratite birds almost 
certainly reached New Zealand over- 
land when it was joined to West Antarc- 
tica (80 million years ago), as did many 
gymnosperms and ferns and some angio- 
sperms. Biogeographic evidence suggests 
that mammals had not reached Antarc- 
tica by this time, since they are absent 
from New Zealand (except for bats). 
Snakes are absent from New Zealand 
because they evolved in the Late Creta- 
ceous; the geckos and skinks of New 
Zealand presumably reached it across 
the sea in Neogene times (4). The 
absence of large Mesozoic terrestrial 
reptiles in New Zealand (4) is presum- 
ably related to the scanty record of non- 
marine rocks (51), since such fossils 
occur in both Australia and Antarctica 
(62). 

As the Campbell Plateau foundered 
and as New Zealand moved farther 
away from possible source areas, some 
taxa became extinct. The Proteaceae, 
now represented in New Zealand by one 
species of Knightia and Persoonia, had 
a dozen or more taxa in the Paleogene 
(113). Casuarina (51, 114), Araucaria 
(48), Athrotaxis (48), and many others 
(49) also became extinct in New Zea- 
land during the Tertiary, as did the 
birds Malacorhynchus and Harpagornia 
in the Pleistocene (115). The brassii 
group of Nothofagus, now confined to 
New Guinea, New Caledonia, and 
southern Argentina, disappeared from 
Australia and Tasmania in the Pliocene 
and from New Zealand in the Pleisto- 
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cene (79, 85), presumably as a result 
of the lowered temperatures (112). 

Such plants as Rhopalostylis (a palm), 
Phormium (Liliaceae), and Coprosma 
(Rubiaceae), which first appear in the 
Paleogene of New Zealand and occur 
today on Norfolk Island as well, sup- 
port an Eocene connection between a 
much enlarged Norfolk Island and New 
Zealand. 

An endemic species of Araucaria per- 
sists on Norfolk Island, and there is an 
endemic genus of the archaic, austral 
hemipteran family Peloridiidae (How- 
eria) on Lord Howe Island, which in 
general has the more archaic flora and 
fauna. Numerous taxa must have be- 
come extinct as Lord Howe Rise, Nor- 
folk Ridge, and Campbell Plateau 
foundered in Paleogene and later times. 
The possibility of migration between 
New Zealand and New Caledonia was 
probably reduced by the same proc- 
esses. 

New Zealand has become increas- 
ingly isolated during the past 80 mil- 
lion years, but has received immi- 
grants from many sources (112), no 
doubt at a declining rate (116). Sub- 
tropical climates appeared in northern 
North Island in the Miocene (51), 
probably as a consequence of its north- 
ward component of movement. The 
newly emerged volcanic archipelagos 
to the north served as source areas for 
invading subtropical taxa. The uplift 
of the mountains and spread of novel 
subalpine, alpine, and semiarid habitats 
in the late Pliocene and Pleistocene 
accommodated new immigrants such 
as Dodonaea (49) and Veronica (59, 
92), some of which have radiated ex- 
tensively (95). 

New Guinea 

The distinctive plants and animals of 
Australia are mostly derived from tem- 
perate ancestors that evolved in re- 
sponse to increasing aridity as Australia 
moved north. When New Guinea, the 
leading edge of the Australian plate 
(117), was first elevated to form an 
extensive land area in the late Oligo- 
cene (15, 25, 26), it was colonized 
largely from the adjacent rich tropical 
lowlands of Malaysia (7, 118-120). 
Biogeographic affinities with Australia 
are poorly developed, but there has 
been a spectacular late Tertiary radia- 
tion of many groups. Among them are 
orchids (121), ferns, Sapotaceae (122), 
Ficus (123), Elaeocarpus and Psycho- 

tria, the beetle families Cerambycidae 
and Chrysomelidae (124), and the 
birds, for which New Guinea has be- 
come an important secondary source 
area (125). 

As the high mountains of New 
Guinea were uplifted in the late Plio- 
cene and Pleistocene (26, 39, 40), ex- 
tensive temperate montane areas ap- 
peared for the first time. Nothofagus, 
now richly represented there (111, 
126), first appears in New Guinea in 
the upper Miocene (79, 85, 127), 
which suggests that the island may 
have been connected by land with the 
old, eroded mountains of the Cape 
York Peninsula and the now-submerged 
Queensland Plateau when it was first 
raised above the sea. Land connections 
between Australia and New Guinea 
are also suggested by the mid-Pliocene 
appearance of the marsupials (65). 
Other Australian groups, such as Win- 
teraceae, Proteaceae, Araucaria, and 
the monotremes, colonized New Guinea 
at various times (103). In the lee of 
the young mountains of New Guinea, 
an extensive rain shadow developed 
along the southern coast of Papua in 
the late Pliocene. Many Australian 
plants and animals, adapted to semi- 
arid conditions, occur only in this 
part of New Guinea, which they could 
not have invaded before this time. 

Northern plants and animals like- 
wise reached the young mountains of 
New Guinea, where Nothofagus is as- 
sociated with Castanopsis and Rhodo- 
dendron. The island as a whole is a 
region of faunal and floral mixing, 
survival, and evolution in the middle to 
late Tertiary. 

The Solomon Islands and New He- 
brides have floras (8, 9) and faunas 
[especially land snails (119)] heavily 
dominated by Indo-Malaysian taxa car- 
ried across water barriers, mainly by 
way of New Guinea (9, 119, 128). 
This is not surprising, for these islands 
are archipelagos of Miocene age (37) 
and would therefore not be expected to 
have numerous temperate austral links. 

New Caledonia 

The flora of New Caledonia is very 
rich in seed plants that represent ar- 
chaic taxa. This small island (about 
17,000 square kilometers in area) is 
only one-seventh as large as North 
Island, New Zealand, yet it has about 
40 endemic gymnosperms, several ves- 
selless angiosperms (Winteraceae, Am- 
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borella), and numerous other taxa (in- 
cluding Monimiaceae, Escalloniaceae, 
Cunoniaceae, Sapindaceae, Nothofagus, 
Araliaceae, Rutaceae, palms) that are 
relicts (9, 129). In strong contrast, it has 
a very poor representation of more ad- 
vanced groups of Tertiary origin (67, 
74, 75), such as Sympetalae in general, 
which probably reflects its isolation 
since the Late Cretaceous (perhaps 80 
million years ago). 

The New Caledonian flora appears 
to be a surviving, modified sample of 
the Late Cretaceous flora of eastern 
Australia. New Caledonia was then 
near latitude 35?S. The flora was pre- 
served in isolation on serpentine (al- 
tered old sea floor) as the island moved 
north and east to its present position. 
Its survival was no doubt aided by late 
Cenozoic uplift (35), which provided 
mild temperatures in upland sites for 
taxa of basically temperate require- 
ments as the island moved into warmer 
latitudes. 

The archaic, austral land snails 
(119), some of the insects (120, 130), 
and possibly even galaxiid freshwater 
fish (131) and the endemic bird family 
Rhynochetidae presumably were de- 
rived from ancestors associated with 
the flora when the island was joined 
with Australia. The presence of ter- 
restrial giant horned turtles of the 
family Meiolaniidae in southern South 
America in the early Tertiary, and in 
eastern Australia, Lord Howe Island, 
and on Walpole Island southeast of 
New Caledonia in the Pleistocene, pro- 
vides further evidence of former land 
connections, as noted by Evans (2) and 
contrary to Darlington (69). Plants 
such as Libocedrus s. str., Knightia, 
and Xeronema, now restricted to New 
Zealand and New Caledonia, and other 
indications of biotic communality be- 
tween these two lands (9, 129) can 
be related to the geography in Cre- 
taceous and Paleogene time (Fig. 2). 

Corner (123) has noted the highly 
endemic character of the fig (Ficus) 
flora of New Caledonia, which is con- 
sistent with its continental origin and 
subsequent rafting into greater isolation. 
In contrast, the more modern fig floras 
of New Guinea, the Solomons, and 
New Hebrides include many closely 
related species and are clearly derived 
from the Malaysian region. Notho- 
fagus almost certainly has been present 
in New Caledonia since the Late Cre- 
taceous; there is no biologic or geo- 
logic indication that it came via New 
Guinea in the upper Tertiary. 
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Fiji 

This isolated island group has some- 
times been regarded as having a conti- 
nental flora and fauna, and sometimes 
an insular one (120, 130). Nearly 23 
percent of the 445 indigenous plant 
genera, including Dacrydium, Acmo- 
pyle, Agathis, Kermadecia (Proteaceae), 
Clematis, and Casuarina div. Gymno- 
stomae, and the families Annonaceae, 
Cunoniaceae, and Epacridaceae, among 
others, reach their eastern limits in 
the Pacific in Fiji (9, 132). Balanops, 
the only genus of Balanopaceae and 
one of very few austral Amentiferae, 
is confined to Queensland, New Cale- 
donia, and Fiji. Other unusual taxa 
there include the primitive angiosperm 
Degeneria, as well as some land snakes 
and frogs. Among the plants of Fiji 
are many forest trees with large seeds 
(132), and it is unlikely that they or 
the animals mentioned dispersed over 
broad water gaps to reach Fiji; zoo- 
logical evidence has been regarded as 
equivocal concerning this point (4, 
120, 130). 

We prefer to consider that Fiji arose 
from the sea close to the main Aus- 
tralian landmass and possibly connected 
with it at this time (Eocene). As it in- 
corporated slices of sea floor (ophiolites) 
when it moved northeast to its present 
position, its climate was becoming more 
tropical. Hence, immigrants from across 
the water that played a progressively 
more important role in the flora were 
of Malaysian (9, 132) and Polynesian 
(120, 130) character. At the same time, 
numerous taxa with more temperate or 
marginally tropical requirements must 
have become extinct as the land area 
was rafted into warmer regions. 

Summary 

Complex tectonic events determined 
by plate movements had a guiding role 
in the biotic history of the Australasian 
region. These movements commenced 
in the middle Cretaceous, when Aus- 
tralia-Antarctica was still in proximity 
to Africa, India, and New Zealand, be- 
fore the disruption of Gondwanaland. 
Ties between the Australian, Antarctic, 
and American plates provided routes of 
migration for southern temperate forests 
and associated land animals into later 
Eocene time. As the Australian plate 
was rafted north, it met the west- 
moving Pacific plate and underwent 
fragmentation, resulting in the develop- 

ment of a complex series of basins, 
plateaus, island arcs, and foredeeps. The 
isolated lands provided areas for the 
survival of ancient taxa, some of which 
occur in distant regions (such as Mada- 
gascar and Chile). Many new taxa also 
evolved over the lowlands as these lands 
were rafted north to warmer climates. 
In Australia, the mixed gymnosperm- 
evergreen dicot forest of Cretaceous to 
Eocene time was replaced progressively 
by taxa adapted to mediterranean and 
desert climates, xeric shrublands and 
low woodlands, savanna, and tropical 
forest as the plate moved into lower 
latitudes. The collision of the Australian 
with the Asian plate in the Miocene 
established Wallace's line, and the mix- 
ing of Oriental and Australasian taxa 
commenced. In the late Cenozoic, the 
elevation of high mountains from Ma- 
laysia to New Guinea and Australia- 
New Zealand provided dispersal routes 
for numerous herbs from cool-temperate 
parts of the Holarctic and new sites for 
their rapid evolution. 
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Fortunately for the majority of 
Americans, their most vivid image of a 
tornado derives from their memory of 
the dark twister weaving across the 
plaifis of Kansas in the film The Wizard 
of Oz. But unfortunately for those liv- 
ing in certain areas of the North and 
South, the awesome force of the tor- 
nado is a very real ipresence (1). In 
these locations, the announcement of 
the tornado watch or the tornado warn- 
ing are familiar spring messages (2). 
The kind of response made to these 
messages may determine the extent of 
physical injury an individual suffers or, 
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indeed, whether he lives or dies. This 
article is concerned with the differences 
in human response to the threat of 
tornadoes and with the psychology af- 
fecting the nature of those differences, 
in order to attempt an explanation of 
a puzzling phenomenon-the dispro- 
portionately higher frequency of tor- 
nado-caused deaths in the South. 

We begin with this fact: the number 
of tornado-caused deaths in the South 
is strikingly higher than it is in the 
remainder of the nation. This is best 
documented by Linehan (3, 4): "Com- 
pared with all others, Region I [the 
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South] is characterized in superlatives. 
In every tornado-death attribute se- 
lected, Region I outranks each of the 
other three, usually by a very wide 
margin. . . . Region I has nearly 12 
deaths per 1000 square miles, more 
than three times the comparable figure 
for the next ranking region; its 23 
deaths per 100,000 inhabitants is over 
five times greater." What makes this 
phenomenon perplexing is the difficulty 
encountered in explaining it. The most 
ready explanation for this concentra- 
tion of deaths is that the South experi- 
ences more tornadoes or has a higher 
population density, or both. In effect, 
it is suggested that the highest potential 
for casualties is in the South. 

Yet when Sadowski's geographic dis- 
tribution of casualty potentials is com- 
pared to the geographic distribution of 
actual tornado deaths, the two patterns 
fail to coincide (5). On the contrary, 
whereas the highest incidence of tor- 
nado-death days (6) is in the South 
(Fig. 1), the casualty potential from 
tornadoes is found to be highest in a 
zone running from Dallas, through 
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