
New light 
on the 

origins of 
Australia's 

flora 
The Australian flora 

has fascinated science 
for two centuries. 

An estimated 80% of its 
species and more 

than 30% of its genera 
are found nowhere else 
in the world, easily the 
highest figures for any 

continent. 

O n l y at family level does its c o m m o n 

ancestry w i th the floras o f other con t i 

nents b e c o m e clearly evident . Its dis t inc

t i veness tes t i f ies to a l o n g h i s to ry o f 

i sola t ion and independent evo lu t ion — 

and yet, paradoxical ly , two o f the three 

primary e lements in our flora have l o n g 

been accepted as be ing o f external or ig in . 

T h e Aus t ra l i an s c l e rophy l l e l e m e n t , 

typified by our eucalypt forests and w o o d 

lands, c lear ly evo lved wi thin Austral ia. It 

domina tes ou r landscapes , halt ing at the 

m a r g i n s o f ra infores ts o n the eas tern 

coast and sur rounding rainforest pocke ts 

in nor thern Austral ia. 

T h e rainforests represent a fus ion o f 

the other t w o floral e lements — the so-

ca l led Indo-Males i an e lement o f t ropical 

spec i e s that p redomina t e s in nor thern 

rainforest and the 'An ta rc t i c e l e m e n t ' , 

represented by broad-leaved evergreen or 

d e c i d u o u s rainforest b e e c h e s , sassafras, 

and coni fe rs , that predominates in t emp

erate rainforests. 

M o r e than a century ago the r e n o w n e d 

E n g l i s h bo tan i s t J o s e p h H o o k e r first 

p r o p o s e d that the I n d o - M a l e s i a n rain

forest type was mere ly an outl ier o f the 

great rainforests o f south-eastern As ia , 

bas ing his v i ew o n the strong similarity 



be tween the two . M o r e recent ly , a c o n v e 
n ient route for H o o k e r ' s i n v a s i o n was 
provided wi th ev idence that 10—14 mi l l 
ion years ago a g loba l l ower ing o f sea 
levels p roduced an unb roken land br idge 
be tween As ia and Australia, and that a 
n u m b e r o f nea r -connec t ions have o c c u r 
red s ince then. 

T h e An ta rc t i c e l e m e n t has been re
garded as an immigran t f rom the south, 
the legacy o f an ancient c o n n e c t i o n be 
t w e e n A u s t r a l i a a n d A n t a r c t i c a , fo r 
w h i c h there is g o o d fossil ev idence . T h e 
Antarc t ic b e e c h e s , Nothofagus spp., and 
coni fe rs s u c h as Araucaria o c c u r as fos 
sils in Antarc t ica and as l iv ing plants in 
Sou th A m e r i c a , sugges t ing that Antarc
tica was their centre o f or ig in . 

But today a n e w v iew o f the or ig ins o f 
the Aus t ra l i an flora is e m e r g i n g . T h e 
theory o f plate tec tonics or ' cont inenta l 
drift' has a l l owed a n e w interpretation to 
be made o f the p resence o f the t w o sup
posed ly al ien e lements in our rainforests, 
wh i l e studies o f fossi l po l l en have pro
vided a history o f our vegeta t ion stretch
ing back m o r e than 100 m i l l i o n years. 
De ta i l ed studies in the rainforests them
selves are a lso y ie ld ing n e w c lues to their 
o r ig ins . 

An Antarctic beech , Nothofagus moorei, 
in Lamington National Park, 
south-eastern Queensland. Antarctic 
beech pol len has been found in 
80-million-year-old sediments in southern 
Australia. 

Rainforest may be ancient 

D r L e n W e b b and M r G e o f f T r a c e y , o f 

the Ra infores t E c o l o g y S e c t i o n o f the 

C S I R O D i v i s i o n o f Plant Industry, have 

r e a c h e d s o m e c o n c l u s i o n s that r u n 

c o u n t e r to c o n v e n t i o n a l t h e o r y . F o r 

example , they be l i eve : 

• T h e I n d o - M a l e s i a n e l e m e n t in the 

flora represents the mos t ancient A u s 

tralian flora. 

• Fa r f r o m b e i n g a r e c e p t a c l e fo r 
' s e c o n d - h a n d ' i m m i g r a n t f l o r a s o f 
other cont inents , Austral ia was p rob 
ably a centre, or part o f a centre, for the 
e v o l u t i o n and radiat ion o f p r imi t ive 
f lower ing plants. 

• Austral ia 's rainforests have spread in 
very recent t imes f rom nuc leus ' refuge' 
areas where s o m e o f the wor ld ' s mos t 
pr imi t ive f l o w e r i n g plants have sur
v ived the r i g o u r s o f m o r e than 100 
m i l l i o n years o f c l imat ic c h a n g e . 

• W h i l e the c lear ing o f land for agr icul

ture has a lmost w iped out the large re

fuge areas o f the coastal l owlands and 

tablelands, mos t o f the smaller areas 

have e s c a p e d des t ruc t ion because o f 

their i n a c c e s s i b l e l o c a t i o n s and the 

robustness o f their spec ies . 

D r W e b b bel ieves the key premise in 
H o o k e r ' s t h e o r y o f t h e o r i g i n o f the 
I n d o - M a l e s i a n p l a n t s is. i n fac t i t s 
greatest weakness — the rainforests o f 
As ia and Australia are too similar to have 
resulted from the r andom processes in
v o l v e d in long-dis tance dispersal or m i g 
ration via land br idges . 

H o o k e r ' s l i n k i n g o f Aus t r a l i an and 
A s i a n rainforests was intuitive. In m o d 
ern t imes, eco log i s t s have wrest led wi th 
the p r o b l e m o f m e a s u r i n g t he 
similarit ies. 

T h i s is e n o r m o u s l y d i f f i c u l t . T h e 
myriad plant spec ies o f the rainforests 
f o r m c o m p l e x c o m m u n i t i e s that defy 
u s u a l m e t h o d s o f c l a s s i f i c a t i o n . T h e 
dense pack ing o f spec ies , vert ical ly as 

Three o f the wor ld ' s most primitive 
flowering plants. T h e first t w o , 
Idiospermum australiense (left) and 
Australobaileya scandens ( above ) , o c c u r 
only in Australian rainforest and are the 
only representatives o f their families. 
T h e third, Eupomatia laurina ( be low) , 
is one o f two species in a family limited 
to Australia and N e w Guinea . 

Australia was probably a 
centre for the evolution and 
radiation of primitive 
flowering plants. 

wel l as hor izonta l ly , makes 'head coun t 
ing ' very t ime c o n s u m i n g even in a small 
area, and there is n o guarantee even then 
that the c h o s e n area is representative o f 
that particular tract o f rainforest. 

D r W e b b and M r T r a c e y c o n c l u d e d 
that the on ly feasible first step was to 
classify rainforest by its structural type, 
not its c o m p o n e n t spec ies . T h e y devised 
a c lass i f icat ion system (see Ecos N o . 6) 
that descr ibes rainforest a cco rd ing to its 
spec ies c o m p l e x i t y , general leaf s ize, pre
s ence o f certain dominan t plant types, 
and an evergreen or d e c i d u o u s habit. T h e 
sys tem offers, for the first t ime , an oppor -
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tuni ty to c o m p a r e s t ructural ly s imi la r 
rainforests i n different r eg ions — even in 
different con t inen ts . 

D r W e b b r e a s o n e d that s t ructura l ly 
s imi la r types o f ra infores t g r o w i n g in 
s i m i l a r e n v i r o n m e n t s w o u l d b e m o s t 
l ikely to share a c o m m o n ancestry, w h i c h 
c o u l d be detected by the sharing o f cer
tain plant genera. 

I f H o o k e r was correc t and rainforests 
have m i g r a t e d la rge d i s t ances f r o m a 
cen t re o f o r i g i n in A s i a , c o m m u n i t i e s 
m o s t r e m o t e f r o m e a c h o t h e r s h o u l d 
s h o w the fewest similarit ies. T h i s is be 
cause o f the lack o f opportuni ty for gene 
t i c e x c h a n g e b e t w e e n d i s t a n t c o m 
muni t ies and the effect o f other factors, 
such as spec ies loss dur ing migra t ion and 
r a n d o m gene t i c drift. 

Sharing o f genera 

But w h e n D r W e b b m a d e an informal 
c o m p a r i s o n o f structurally similar rain
fores ts i n Ind ia ' s W e s t e r n G h a t s and 
Aust ra l ia ' s C o o k t o w n - I n g h a m r e g i o n , 
he found they shared 47 genera — a re
markable f igure cons ide r ing the 8000 k m 
be tween them. Even N e w G u i n e a , w h i c h 
w o u l d h a v e b e e n a s t ag ing p o i n t for 
H o o k e r ' s Indo-Males i an invaders, c o u l d 
on ly p rov ide 41 m a t c h i n g genera, despite 
the fact that it has b e e n c o n n e c t e d to 
Austral ia in the recent past and still re
m a i n s c l o s e e n o u g h for s o m e g e n e t i c 
con tac t . 

D r W e b b accepts that certain plants in 
our rainforests are genu ine invaders — 
for e x a m p l e , s o m e o f those wi th w ind -
bo rne seeds, l ike o rch ids . But e c o l o g i c a l 
studies into the way rainforests are or
ganized , h o w their seeds are dispersed, 
and the qui te nar row envi ronmenta l re
qui rements o f their spec ies offer further 
e v i d e n c e that Austral ia 's nor thern rain
forests are no t the result o f invas ion f rom 
south-eastern As ia . 

R a i n f o r e s t s c a n o n l y m i g r a t e as a 
c o m m u n i t y , for they are c o m p o s e d o f 
m a n y layers o f vege ta t ion that d e p e n d 
u p o n e a c h other and u p o n the internal 
env i ronmen t that the rainforest creates 
for itself. T h e l i k e l i h o o d o f migra tory 
birds or any other natural agent carrying 
a ful l s p e c t r u m o f seeds f rom mature 
rainforest , n o t to m e n t i o n the s u c c e s -
s iona l stages l ead ing u p to it, and de 
pos i t ing t h e m at s o m e envi ronmenta l ly 
f a v o u r a b l e s i te h u n d r e d s o r e v e n 
t h o u s a n d s o f k i l o m e t r e s a w a y is e x 
t remely smal l . 

I f ra infores ts c a n n o t mig ra t e in tac t 
over l o n g d i s t ances , h o w c a n the pre
s ence o f s imilar plant c o m m u n i t i e s in 

sites as w i d e l y separated as India and 
Aus t ra l i a be e x p l a i n e d ? D r W e b b b e 
l ieves there is n o w sufficient ev idence to 
sugges t they evo lved as part o f the flora o f 
t he a n c i e n t s u p e r c o n t i n e n t o f 
G o n d w a n a l a n d , and were carried to their 
m o d e r n p o s i t i o n s by G o n d w a n a l a n d ' s 
break-up (see the b o x o n page 9 ) . 

T h e c l i m a t e i n G o n d w a n a l a n d b e 
t w e e n 2 0 0 a n d 6 0 m i l l i o n yea r s a g o 
w o u l d have favoured a w a r m temperate to 
a s u b t r o p i c a l - t y p e f l o r a , a n d t he 
G o n d w a n i c rainforest c o u l d have been 
the progeni tor o f the m o d e r n rainforests 
o f Austral ia, India, Afr ica , Madagascar , 
and Sou th A m e r i c a . India and Austral ia 
w e r e q u i t e c l o s e t o g e t h e r i n t he 
G o n d w a n i c land mass until about 115 
m i l l i o n years a g o , and India ' s p rox imi ty 
to Madagascar (see the map) he lps ex
plain the c l o s e affinities be tween Indian 
and Madagascan rainforest. 

O n e p i ece o f ev idence raises the p o s 
s ib i l i ty that the G o n d w a n i c ra inforest 
may have actually b e g u n its spread f rom a 
r eg ion o f w h i c h Austral ia was a part. D r 
W e b b points ou t that, despite their very 
s m a l l area, the r a in fo r e s t s o f n o r t h -

Moisture-laden offshore winds provide a 
permanently wet environment for 
rainforest on the upper s lopes and 
summit o f M o u n t Bellenden K e r , Qld . 

One type o f refuge area where plant 
species can survive dry e p o c h s is 
so-cal led gallery rainforest bordering 
permanent streams. 

T h e chart shows the approximate times 
when s o m e o f the important members o f 
the Australian flora appear in the fossil 
pollen record , including the rainforest 
indicator, Ilex. Rainforest was present 
long before Australia c ame into 
conjunct ion with south-eastern Asia . 
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Pollen from rainforest 
species can be found in 
70-million-year-old 
sediments in southern 
Australia. 

eastern Austral ia and nearby Paci f ic is
lands con ta in the greatest assemblage o f 
pr imit ive f lower ing-plant famil ies in the 
w o r l d . A s i a n rainforests have a greater 
n u m b e r o f pr imit ive genera and spec ies , 
but he be l ieves m a n y o f Australia 's gen
era and spec ies have b e e n lost th rough 
c l ima t i c c h a n g e and the l each ing o f nut
rients f rom our age ing soi ls . 

Single-species survivors 

S o m e rainforest genera in Austral ia are 
r e p r e s e n t e d b y a s i n g l e s p e c i e s . F o r 
e x a m p l e , north-eastern rainforests have a 
n u m b e r o f s ingle-spec ies genera in the 
Pro teaceae family , p resumably the last 
survivors o f formerly diverse g roups . 

A u s t r a l i a n r a i n f o r e s t s h a v e c o m e 
th rough s o m e severe t imes by compar i 
s o n wi th those in the m o r e stable c l imate 
o f south-eastern As ia . T h e instability o f 
the Aust ra l ian c l ima te , c o m b i n e d wi th 
the progress ive dec l ine in the r ichness o f 
our soi ls in the absence o f v o l c a n i c re
n e w a l , may have b e e n respons ib le no t 
o n l y for the dec l ine in diversity in our 
rainforests but a lso for the e m e r g e n c e o f 
a n e w vegetat ion type. 

D r W e b b and M r T r a c e y no te that t w o 
o f the dominan t famil ies o f today's A u s 
tralian dry- leaved f lora, the Myr t aceae 
and Proteaceae , have rainforest relatives 
that tend to favour lower-ferti l i ty so i l s . 
A s the c l imate dried out , s u c h plants may 
have e v o l v e d harder l eaves and o the r 
d rought -avo idance m e c h a n i s m s and then 
diversif ied in to the familiar sc lerophyl l 
vegeta t ion o f our landscapes today. 

T h e r e s i l i e n c e o f ce r ta in ra infores t 
plants in the face o f dry c o n d i t i o n s can be 
seen today in semi-ar id areas. G e n e r a 
s u c h as Cochlospermum, Flindersia, and 
Pittosporum m a n a g e d to adapt to drier 
c o n d i t i o n s as the rainforests that o n c e 
cove red m u c h o f the con t inen t retreated. 
T o d a y these genera are spli t b e t w e e n 
diametr ical ly oppos i t e env i ronments . 

If rainforest was the progeni tor o f to
day 's s c l e r o p h y l l f lora, the sub t rop ica l 
G o n d w a n i c flora canno t take all the c re
di t for its e m e r g e n c e . T h e s o u t h e r n 
G o n d w a n i c flora, the so-ca l led Antarc t ic 

Australia's only holly species , Ilex 
arnhemensis, occu r s today only in 
northern rainforest. Howeve r , fossil Ilex 
pollen is present in 15- to 
70-million-year-old sediments f rom 
southern Australia, and Ilex -type pollen 
in even older sediments. Th i s suggests 
that much o f Australia has been cove red 
by rainforest in the past. 

e l emen t , a lmos t cer tainly p rov ided the 
Proteaceae family, w h i c h con ta ins s u c h 
genera as Banksia, Grevillea, and Hakea. 

T w o experts o n this important family, 
D r L a w r i e J o h n s o n a n d D r Barba ra 
Br iggs , o f the Sydney Herbar ium, have 
mod i f i ed their theories o n its o r ig in and 
spread i n the l i g h t o f e v i d e n c e for a 
s o u t h e r n s u p e r c o n t i n e n t . W h e r e fo r 
mer ly they sugges ted it spread be tween 
the s o u t h e r n c o n t i n e n t s by a t rop ica l 
route , they n o w c o n c l u d e it was part o f 
t he w a r m , m o i s t f l o r a o f s o u t h e r n 
G o n d w a n a l a n d and was dispersed w h e n 
that con t inen t b roke up . T h e Proteaceae 
o c c u r in Afr ica , Madagascar , India , A u s 
tralia, N e w Zea land , and Sou th A m e r i c a , 
and as fossi ls in Antarct ica . 

S o m e o f its m o s t primit ive spec ies are 
f o u n d in the n o r t h e r n r a in fo re s t s o f 
Queens l and , and on ly Austral ia has all 
five sub-famil ies represented in its flora 
— facts that D r Johnson and D r Br iggs 
ci te as ev idence that the family originated 
wi th in the part o f G o n d w a n a l a n d that 
b e c a m e the Austral ian land mass . T h e y 
be l ieve the same may apply to t w o other 
important Austral ian famil ies that o c c u r 
e lsewhere — the sedge-like Rest ionaceae 
(Australia and Afr ica) and poss ib ly a lso 
the Myr taceae (all southern cont inents ) , 
w h i c h i n c l u d e s o u r o w n u b i q u i t o u s 
eucalypts . 

T h e n e w p i c t u r e o f A u s t r a l i a as a 
p r i m a r y c e n t r e for the e v o l u t i o n and 
spread o f flowering plants is further sup
ported by the fossi l po l l en record , w h i c h 

f i rmly con t r ad i c t s the theor i e s for an 
immigran t flora. 

T h e pollen chronicle 

H o o k e r ' s ' invasive ' rainforest c o u l d not 
be o lde r than about 12 m i l l i o n years, the 
t ime w h e n Austral ia finally drifted to a 
c o n n e c t i o n w i t h South-eas t A s i a . Y e t 
fossi l ized p o l l e n f rom rainforest spec ies 
can be found in 70-mi l l ion-year-o ld sed
iments in southern Austral ia. 

D r H e l e n e Mart in o f the Universi ty o f 
N e w Sou th Wales S c h o o l o f Botany has 
b e e n s t u d y i n g foss i l p o l l e n r e c o v e r e d 
f rom deep bores in the Murray Bas in area 
o f s o u t h e r n N e w S o u t h W a l e s . M o r e 
than 3 0 0 m beneath the roots o f saltbush 
in the semi-arid z o n e south o f H a y in the 
River ina r eg ion , she found fossi l ized p o l 
l en f rom a spec ies o f hol ly . 

A u s t r a l i a ' s o n l y h o l l y s p e c i e s , Ilex 
arnemensis, o c c u r s today in l o w l a n d 
rainforests in the far north. But the quan
tity o f Ilex po l l en in d e e p sediments in 
the River ina indicates that it was an i m 
portant m e m b e r o f the Austral ian flora 
for abou t 40 m i l l i o n years. Wi th it o c c u r s 
p o l l e n o f t he ' A n t a r c t i c i n v a d e r ' 
Nothofagus, s p e c i f i c a l l y Nothofagus 
'brassii type ' , w h i c h is n o w ex t inc t in 
Aus t ra l ia . S l i gh t ly y o u n g e r s ed imen t s 
f rom the same area conta in fossi l p o l l e n 
f rom other spec ies found today on ly in 
rainforest. P o l l e n o f the Antarc t ic b e e c h 
Nothofagus 'fusca type' dates back about 
65 m i l l i o n years. 

Modern patterns of 
rainforest are no more than 
12 000 years old. 

Fan palms, Liguala ramseyi, dominate a 
tract o f lowland tropical rainforest in 
northern Queensland. 
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T h e fossi l record reveals that no t o n l y 
w e r e s o - c a l l e d I n d o - M a l e s i a n s p e c i e s 
present in Austral ia 80 m i l l i o n years b e 
fore it c a m e into p rox imi ty w i th south
e a s t e r n A s i a , b u t that t he A n t a r c t i c 
spec ies were also present 15 to 30 m i l l i o n 
years be fo r e Aus t r a l i a and A n t a r c t i c a 
s e p a r a t e d i n t he f i n a l e v e n t o f 
G o n d w a n a l a n d ' s b r e a k - u p . L i k e D r 
W e b b and a g r o w i n g n u m b e r o f Austra
lian scient is ts , D r Mar t in be l ieves the 
c u s t o m a r y d i v i s i o n o f the A u s t r a l i a n 
f l o r a i n t o ' n a t i v e A u s t r a l i a n ' , I n d o -
Males ian , and Antarc t ic e lements is n o 
l o n g e r appl icable . 

F o r m u c h o f its history, as revealed by 
the foss i l p o l l e n record , large parts o f 
Austral ia have had a quite stable mo i s t 
c l i m a t e f a v o u r a b l e to ra in fores t . T h e 
c l imate apparently began to dry gradually 
a b o u t 4 0 m i l l i o n years a g o , p r o b a b l y 
a b o u t t he t i m e that t h e A u s t r a l i a n 
s c l e r o p h y l l e l e m e n t b e g a n to d e v e l o p . 
H o w e v e r , the e m e r g e n c e o f this vegeta
t ion w a s s l o w , and m a y have resul ted 
f rom the age ing and loss o f nutrients o f 
o u r s o i l s r a the r t h a n f r o m c l i m a t i c 
c h a n g e . 

Recent major changes 

By c o m p a r i s o n , the past 2 m i l l i o n years 
have b e e n c l i m a t i c a l l y uns t ab le , w i t h 
major c h a n g e s taking p lace in the con t i 
nent ' s vegeta t ion in relatively br ief t ime 
scales . 

D r Peter K e r s h a w , o f the G e o g r a p h y 
Depar tment at M o n a s h Universi ty , has 
been s tudying fossi l p o l l e n f rom crater 
l a k e s o n t he A t h e r t o n T a b l e l a n d o f 
nor thern Queens l and , and has c o m p i l e d 
a record o f the reg ional flora that indi
cates h o w the c l imate has fluctuated dur
i ng the past 120 000 years. O n e o f h is 

The chart shows the relative abundance 
of rainforest conifers, rainforest 
flowering plants, and sclerophyll 
vegetation in the fossil pollen record. 
During the last glacial period, which 
ended about 10 000 years ago, 
sclerophyll vegetation was dominant. 
Afterwards, rainforest flowering plants 
re-emerged. Present conditions are 
roughly comparable to those 
86 0 0 0 - 7 9 000 years ago, and to those 
more than 116 000 years ago. 

m o s t surpris ing f indings is that the m o d 
ern patterns o f rainforest are n o m o r e 
than 12 000 years o ld . Far f rom be ing in 
d e c l i n e w h e n E u r o p e a n s ar r ived 2 0 0 
years a g o , they w e r e in an e x p a n s i o n 
phase that began at the end o f the last 
g lacia l per iod . 

D u r i n g that glacial pe r iod the c l imate 
was c o o l e r and effectively drier than to
day, and the rainforests retreated in to 
smal l areas where permanent mois tu re 
r e m a i n e d avai lable and other env i ron 
mental c o n d i t i o n s remained favourable. 
A l t h o u g h the Ather ton sediments repre
sent o n l y the reg ional flora, D r K e r s h a w 
is c o n f i d e n t t h e y a l s o r e f l e c t g l o b a l 
c l ima t i c trends, as there is c l o s e agree
men t wi th records c o m p i l e d f rom o x y g e n 
i so tope ratios in mar ine sediments f rom 
the sou the rn Ind ian O c e a n and equa
torial Pac i f ic . 

T w o m i l l i o n years a g o the flora o f the 
Ather ton r eg ion was not un l ike that pre

sent in southern Austral ia about 40 mi l l 
i o n years earlier, a c c o r d i n g to the p o l l e n 
record . But the last g lacia l per iod seems 
to have pushed s o m e durable spec ies past 
their l imi t , even after so many m i l l i o n 
years o f survival. 

Nothofagus 'brassii' ( d e c i d u o u s A n 
tarctic b e e c h ) , and the coni fe rs Phylloc-
ladus sp . (celery-top p ine ) , a Dacrydium 
spec ies (related to the h u o n p ine ) , and 
Dacrycarpus all disappeared at Ather ton . 
Presumably , they b e c a m e ext inct in the 
w h o l e o f ma in l and Aust ra l ia n o t l o n g 
afterwards. 

I f the Ather ton record accurately re
flects what was happen ing to the c l imate 
o f Austral ia at large and the ex t inc t ion 
p rocesses in its vegetat ion, the last gla
c i a l pe r i od m u s t have s e e n Aus t ra l ian 
rainforest shrink to o n e o f the smallest 
areas in its l o n g history. A n d yet it sur-

The rainforests of 
north-eastern Australia and 
nearby Pacific islands 
contain the world's greatest 
assemblage of primitive 
plant families. 

Λ 

Many of the plants of our rainforests are 
at risk of e x t i n c t i o n b e c a u s e o f their 
l i m n e d distr ibut ion. Λ recent survey by 
D r W e b b . Mr T r a c e y , and other rain
forest experts in the coastal arc from the 
K imber l eys in Western Austral ia, across 
the northern coas t , and d o w n the eastern 
coas t into T a s m a n i a points to the urgent 
need for conserva t ion . They checked the 
d i s t r i b u t i o n o f 1 3 1 6 r a i n f o r e s t tree 
s p e c i e s at 561 se l ec t ed si tes, r a n g i n g 
f r o m small patches o f rainforest to areas 
wi th in larger tracts. 

W h i l e The survey c o u l d not poss ib ly 
c o v e r all o f Aus t ra l i a ' s rainforest . D r 

W e b b bel ieves its results reliably indicate 
the rarity o f many spec ies . NO spec ies 
was found at more than 129 o f the 561 
sites; 3 0 % occu r red at n o m o r e than three 
sites, and 5 6 % at n o more than ten. M a m 
spec ies recorded as occuring at more 
than o n e site had on ly small popula t ions 
at each , or α s ing le major popula t ion and 
several small ou t ly ing o c c u r r e n c e s re-

T h u s these species may be at greater 

risk than the figures for the number of 

sites where they were f o u n d ind ica te . 

T h e table s h o w s the numbers of species 

found at 10 sites of fewer. 
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vived to b e g i n spreading again at the end 
o f the I c e A g e . 

D r Ke r shaw ' s f ind ing that its m o d e r n 
dis tr ibut ion dates back 12 0 0 0 years at 
m o s t suggests rainforest has a very effi
c ien t means o f 'sitting out' dry e p o c h s 
that dras t ica l ly r e d u c e its r ange . T h e 
grea t a n t i q u i t y o f s o m e o f the p l a n t 
spec ies in our rainforests, particularly the 
ve ry p r i m i t i v e f l o w e r i n g p l a n t s o f 
nor th-eas tern t rop ica l ra infores ts , a l so 
poin ts to such a m e c h a n i s m . 

Refuges for rainforest 

In February last year, a rainforest confer
e n c e in Venezue l a heard ev idence that 
even the great rainforests o f the A m a z o n 
basin, M e x i c o , and Afr ica have in the re
cen t past retreated to pocke t s represent
ing on ly fractions o f their m a x i m u m size. 

A m o n g the first plants to recolonize 
rainforest areas are stinging trees 
(Dendropnides moroides). A t maturity 
this young plant will provide shade for 
species less tolerant o f light. 

Tempera te rainforest in Alfred National 
Park, south-eastern Gippsland. Th i s 
rainforest type is c o m m o n l y found 
mingled with large eucalypts. 

A l l the e v i d e n c e sugges t s that, in dry 
p e r i o d s , ra infores t con t r ac t s to s m a l l 
areas where c o n d i t i o n s remain favour
able. S u c h areas vary in size f rom hun
dreds o f square k i lome t re s to perhaps 
on ly a few hectares. 

D r W e b b and M r T r a c e y have substan
tial ev idence that the is lands o f rainforest 
n o w o c c u r r i n g r ight d o w n the eastern 
c o a s t are t h e m s e l v e s the p r o d u c t s o f 
smaller islands that have expanded ou t o f 
refuge areas to re -coalesce after the last 
glacial per iod. T h e s e nuc l eus areas are 
still identifiable, even t h o u g h they fo rm a 
c o n t i n u u m wi th the su r round ing rain
forest. T h e zones where their expand ing 
margins have f lowed into each other are 
a lso identifiable because the vegetat ion 
st i l l has n o t set t led i n to s table c o m 
muni t ies , and s o m e o f the species have 
still no t c o l o n i z e d the n e w areas. 

D r W e b b says any conserva t ion pro
gram for what remains o f our rainforests 
must concentra te o n these nuc leus areas, 
s ince they are l iv ing botanical m u s e u m s , 
the very l i f eb lood o f the rainforest. M o s t 
o f t hem are probably intact. T h e i r pro
tected loca t ions w o u l d tend to insulate 
them f rom the activities o f M a n , as we l l 
as f rom drought , fire, and invas ion by the 
sc lerophyl l vegetat ion. 

D r W e b b and M r T r a c e y have iden
tified a n u m b e r o f important refuge areas, 
but have concent ra ted o n identifying the 
types o f loca t ions where they o c c u r , as 
there are p r o b a b l y a great n u m b e r o f 
them. T h e c h a n c e s are that n o two wi l l 
have the same assemblage o f species be 

cause o f the r a n d o m effects o f ext inc t ions 
and genet ic drift operat ing o n them. 

D r W e b b bel ieves the areas o f greatest 
botanical impor tance are those harbour
ing the mos t primitive f lower ing plants, 
and these are concent ra ted in northern 
Queens l and . O f the 14 families o f f lower
ing plants r ecogn ized as truly primit ive, 
e ight o c c u r there wi th in a 6000-sq-km 
area . T w o o f t h e s e , the A u s t r o -
bai leyaceae and Id iospermaceae , are rep
resented n o w h e r e else in the wor ld , and a 
third, the Eupomat iaceae , is shared on ly 
wi th N e w Gu inea . 

D r W e b b descr ibes the area as a botan
ical N o a h ' s A r k — except that this Ark is 
laden wi th veritable dinosaurs . 

Graeme O'Neill 

T h e fossilized grain o f holly pollen (Ilex 
sp . ) from 40-million-year-old sediment in 
southern Australia, in the centre o f the 
upper p h o t o , bears a c lo se resemblance 
to pol len o f Australia's only modern 
holly species I. arnhemensis ( lower) , 
found only in permanently wet 
rainforest. 

M o r e about the topic 

A u s t r a l i a n r a i n f o r e s t s : pa t t e rn s a n d 
change . L . J. W e b b and J. G . T racey . 
In ' E c o l o g i c a l B i o g e o g r a p h y o f A u s 
tralia', 2nd ed. ( W . Junk, Publ i shers : 
T h e H a g u e , in press.) 

T h r e e o ld southern famil ies : Myrtaceae , 
Proteaceae and Res t ionaceae . L . A . S. 
Johnson and B. G . Br iggs . In ' E c o l o g i -
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cal B i o g e o g r a p h y o f Australia ' , 2nd ed. 

( W . Junk, Publ ishers : T h e H a g u e , in 

press.) 

T h e identif icat ion o f s o m e Tert iary p o l 

len b e l o n g i n g to the family Euphor-

biaceae . H e l e n e A . Mart in. Australian 
Journal of Botany, 1974, 22, 2 7 1 - 9 1 . 

E v o l u t i o n o f the Aus t ra l i an flora and 

vegetat ion through the Tert iary: evi

d e n c e f rom po l l en . H e l e n e A . Mart in. 

Alcheringa N o . 2 , 1978, 1 8 1 - 2 0 2 . 

O n the Proteaceae — the evo lu t ion and 

classif icat ion o f a southern family. L . 

A . S. Johnson and B. G . Br iggs . Botan
ical Journal of the Linnaean Society, 
1 9 7 5 , 7 , 8 3 - 1 8 2 . 

Is lands o f conservat ion . N . Meyers . New 
Scientist, 1979, 84, 6 0 0 - 2 . 

R e c o r d o f the last interglacial—glacial 

c y c l e f rom north-eastern Queens land . 

A . P. K e r s h a w . Nature, 1 9 7 8 , 272 , 

1 5 9 - 6 1 . 

R e c o g n i t i o n o f c o m m o n P r e c a m b r i a n 

polar wander ing reveals a conf l ic t wi th 

plate t ec ton ic s . B . E m b l e t o n and P. 

Schmid t . Nature, 1979, 282, 7 0 5 - 6 . 

Q u a t e r n a r y v e g e t a t i o n a n d e n v i r o n 

ments . A . P. Ke r shaw. In ' T h e G e o l 

ogy and G e o p h y s i c s o f North-eastern 

Austral ia ' , ed. R . A . H e n d e r s o n and P. 

J. S tephenson . ( G e o l o g i c a l Soc ie ty o f 

Austral ia, Queens land D i v i s i o n : Bris

bane 1979.) 

Birth of the southern continents 

B i o l o g i c a l ev idence for the ex is tence o f a 

sou thern supercon t inen t in prehis tor ic 

t imes has been k n o w n for at least a c e n 

tury. F o r e x a m p l e , the Antarc t ic b e e c h e s , 

Nothofagus spp. , are found in Austral ia 

and Sou th A m e r i c a , and o c c u r as fossi ls 

in Antarc t ica . 

T h e plant family Proteaceae o c c u r s in 

all the southern cont inents , wi th fossi ls 

in Antarc t ica , and s o m e genera — for 

e x a m p l e , Orites, Lomatia, and Oreocallis 

— are actually shared by Australia and 

S o u t h A m e r i c a . T h e w o r l d ' s l a r g e s t 

birds, the f l ightless ratites, are a lso dis

tributed a m o n g the southern cont inen ts 

— ost r iches in Afr ica , e m u s in Austral ia , 

m o a s ( n o w ext inct) in N e w Zea land , and 

rheas in S o u t h A m e r i c a . T h e s e b i o l o g i 

ca l affinities be tween cont inen ts used to 

be attributed to the ex is tence o f ancient 

land br idges or to long-dis tance dispersal 

o f spec ies by sea. 

T h e theory o f con t inen t a l drift w a s 

first p r o p o s e d by a G e r m a n sc ien t i s t , 

Al f red W e g n e r . H e sugges t ed in 1912 

that, l o n g ago , all the wor ld ' s cont inen ts 

had b e e n part o f a s i n g l e l a n d m a s s , 

w h i c h he n a m e d 'Pangaea ' . O r t h o d o x 

s c i e n c e rejected the idea for m a n y years, 

as n o m e c h a n i s m was k n o w n that c o u l d 

shift mass ive cont inents a round o n the 

surface o f the earth. 

H o w e v e r , g e o l o g i c a l e v i d e n c e for c o n 

tinental drift began to accumula te . T h e 

con t inen t s c lear ly fitted toge ther w e l l , 

and the m a t c h i n g o f their out l ines was 

e v e n m o r e d r a m a t i c w h e n thei r s u b 

m e r g e d cont inenta l shelves were taken 

T h e southern supercontinent began 
breaking up into the modern southern 
continents about 120 million years ago . 
By 50 million years ago , most o f the 
continents were nearing their present 
posi t ions, and Australia was starting to 
break free from Antarctica to begin its 
drift northwards. Jagged outlines 
indicate areas where Gondwanaland 's 
boundaries have been obscured . 

i n t o a c c o u n t . C e r t a i n r o c k t y p e s 

'doveta i led ' be tween the cont inents , and 

m a t c h i n g p l a n t a n d a n i m a l f o s s i l s 

po in ted to a c o m m o n ancestry. 

O n l y in the past decade , however , has 

the miss ing m e c h a n i s m for rifting and 

m o v i n g cont inents apart been found . T h e 

cont inents are bel ieved to be carried o n 

great crustal plates that, be ing l ighter 

than the earth's mo l t en c o r e , float u p o n it 

and are m o v e d by powerfu l convec t i ve 

currents in the magma . Wegne r ' s Pan

gaea is n o w general ly accepted , as is evi

d e n c e that it broke into two supercont i -

nents , Laurasia and G o n d w a n a l a n d . 

T h e s e two supercont inents a lso broke 

u p . A b o u t 120 m i l l i o n y e a r s a g o , 

G o n d w a n a l a n d began fragmenting into 

the m o d e r n southern cont inents and In

dia, with the final event, the separation o f 

A n t a r c t i c a and A u s t r a l i a , o c c u r r i n g 

a round 50 m i l l i o n years a g o . T h e se

q u e n c e o f the break-up d e d u c e d f rom 

g e o l o g i c a l studies fits we l l with that in

ferred from b i o l o g i c a l ev idence . 

T h e a b s e n c e o f Nothofagus s p e c i e s 

f r o m A f r i c a , for e x a m p l e , p o i n t s to 

Africa 's early separation f rom the main 

G o n d w a n i c mass . Suppor t ing ev idence 

c o m e s f r o m the P r o t e a c e a e — A f r i c a 

sha res n o g e n e r a w i t h A u s t r a l i a and 

Sou th A m e r i c a . In the Jurassic per iod, 

about 200 m i l l i o n years a g o , G o n d w a n a 

straddled the g l o b e b e t w e e n lat i tudes 

7 0 ° S and 3 0 ° N (see the diagram). 

A r o u n d 120 m i l l i o n years ago , Africa 

began to rift f rom South A m e r i c a , w h i c h 

r ema ined c o n n e c t e d to Anta rc t i ca and 

Australia. Rif t ing also initiated India 's 

i sola t ion f rom the other cont inents . By 

8 0 m i l l i o n yea r s a g o l a rge g a p s h a d 

opened be tween Sou th A m e r i c a and Af

r ica, Af r i ca and India , and India and 

Australia. 

T h e e longated mass c o m p r i s i n g what 

are n o w Sou th A m e r i c a , Antarct ica , and 

Australia still remained as a barrier to the 

es tabl ishment o f a c i r cumpola r o c e a n i c 

cu r ren t , and the s o u t h e r n c o n t i n e n t s 

en joyed a qui te stable c l imate ranging 

b e t w e e n m o i s t tempera te and t ropica l 

because o f the ' h o m o g e n i z i n g ' effect o f 

currents that m i x e d equatorial with polar 

water. Even t h o u g h Antarct ica was near

ing its present pos i t ion , it remained free 

o f g lacia t ion. 

A b o u t 60 mi l l i on years ago Afr ica and 

S o u t h A m e r i c a w e r e w i d e l y separated 
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and only a narrow link remained between 
Antarctica and South America. Australia 
and Antarctica had begun to rift. By the 
ponderous standards of continental drift. 
India was speeding to wards a violent col
lision with southern Asia, which would 
ultimately create the world's highest 
mountain range, the Himalayas. 

By 40 million years ago the continents 
were approaching then modern posi
tions. Australia was still moving north-
wards.from a more southerly- position 
than it occupies today, having broken 
free from Antarctica. Dining the next 15 
million years the opening of gaps be
tween South America and Antarctica, 
and later between Australia and Antarc-
nca. cleared the way for a circumpolar 
current. Then, relatively undiluted by 
warmer waters, the polar seas began to 
cool and the glaciation of Antarctica be-

Hoop pine (Araucaria cunninghamii) 
survives in a protected gully, surrounded 
by selerophyll vegetation. 

As the climate began to cool, vegeta-
tion changes occurred in Australia with 
the disappearance of some of the more 
tropical plants from its southern areas 
The sclerophyll element of the Austra-
lian flora began to expand about this 
time, although climate may have been 
less important than the ageing of our 
soils in its proliferation. 

About 15 million years ago another 
climatic threshold was crossed when 
Australia's northerly movement brought 
it into conjunction with the Indonesian 
archipelago, blocking another route lor 
the m i x i n g of polar and equatorial wat-
ers. T h e Antarctic ice sheet began to 
form at this time, and its ebb and flow 
since then appears to have been an im
portant factor in the relative instability of-
the climate of Australia over the past two 
million years, and in changing vegetation 

Few-scient is ts - today question the 

theory of continental drift, in spite of its 

unaceeptability only two decades ago. 
Now an equally revolutionary theory has 
been suggested by two scientists from 

CSIRO'S Division of Mineral Physics. 

Dr Brian Embleton-and Dr Phillip 
Schmidt have analysed data from fossil 
magnetism studies in North America. 
Africa, and Australia and discovered that 
all three continents are in the same posi
tions relative to each other and the 
earth's core as they were more than 2000 
million years ago 

Then analysis is based on information 
that has been quoted many times in the 
scientific literature, so there is no reason 
to doubt its validity But how can three 
continents that, according to continental 
drift theory have been drifting around 
the surface of the globe, he in the same 
position they occupied eons ago? 

Dr Embleton and Dr Schmidt have 
suggested two explanations, both of 
which require in their own words, 'an 

• In the distant past, the earth may only 
have been 60% of its present size, with 
all the continents forming a single, 
continuous mass on its surface except 
for some shallow seas. If so. their sep
aration would have been the result of 
the earth expanding, not random drift-

• • C o n t i n e n t a l drift may be a cyclic 
phenomenon, with continents joining 
up. and then separating to return to 
"remembered' ancient positions by 
some unknown mechanism. The 
stable posit ions of Africa, North 
America, and Australia today could in-
dicate each has found its-preferred lo-
caiion while other continents continue-
to drift at rates of scveral centimetres a 

The 'global continent' theory 
suggested by Dr Embleton and Dr 
Sehmidt is not new. In 1958 Dr S.W. 
Carey. Professor of Geology at the Uni-
versitv of Tasmania, demonstrated that 
models of the continents could be fitted 
together on a globe, to form not merely a 
single continent, but one that virtually 
covered the whole globe. Dr Carey be-
•lieves the globe is still expanding today. 

Both Dr Embleton and Dr Schmidt 
know their findings are likely to be con
troversial, but say they are the only pos
sibilities that fit the evidence. Dr 
Embleton points out that the odds 
against three continents occupying then 

-ancient positions today-purely by chance 
are astronomical. 
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