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ABSTRACT 

Plant colonizat ion of a  rubble bank deposited on Heron Island was 
followed for over four years, ending when a  cyclone destroyed m c h  of 
the  s i t e .  Two years elapsed before any plants were found, but a f t e r  
four years 30 species had been found, including 14 species nat ive  t o  
Heron Island or other is lands i n  the Capricorn group. A population of 
about 50,000 individuals was present by the  end of the  four years. 
Although most plants were weeds, the  species which natura l  l y  dominate 
such s i t e s  were present and prominent. The number of species present 
on the  s i t e  was related t o  logarithm of time since establishment, and 
the logarithm of the number of individuals present was also  related 
t o  time since deposit ion of the rubble. Rapid colonization by native 
species i s  s ign i f i can t  for management of coral cays. 

INTRODUCTION 

Coral cays a r e ,  by n a t u r e ,  smal l  and o f t e n  i s o l a t e d  pa tches  of l and  
s u b j e c t  t o  s eve re  d i s tu rbance  from such f a c t o r s  as t r o p i c a l  cyclones 
and o t h e r  v i o l e n t  s torms.  S ince  a  cay i s  composed e n t i r e l y  of 
m a t e r i a l  of b i o l o g i c a l  o r i g i n ,  t h e  v a s t  bulk of i t  calcium carbonate  
from a l g a l  and c o r a l  s k e l e t o n s ,  t h e  s u b s t r a t e  i s  an unusual  and 
r a t h e r  s e v e r e  one (Wiens 1962) .  The s o i l  has  unusual  chemical 
p r o p e r t i e s ,  and i s  e s p e c i a l l y  high i n  calcium carbonate ,  which tends 
t o  l i m i t  t h e  a v a i l a b i l i t y  of  phosphates.  The phys i ca l  s t r u c t u r e  of  
t h e  s u b s t r a t e  is  a l s o  d i f f i c u l t  f o r  many p l a n t s .  

The p roces se s  of p l a n t  co lon iza t ion  on such an appa ren t ly  
i n h o s p i t a b l e  p l ace  a r e  of cons iderab le  i n t e r e s t .  The angiosperm 
f l o r a  of Heron I s l a n d  has  been r epo r t ed  on a number of times 

Botany Department 
The Un ive r s i t y  of Queensland 
Queensland 4072, A u s t r a l i a .  
Mariuscript received 18 June 1992; revised 11 September 1992 



(Chaloupka & Domm 1986, Walker 1 9 9 l a ) .  p e r m i t t i n g  a  s tudy  of  i nvas ion  
o f  t h e  cay by weeds (Chaloupka & Domm 1985). The c o l o n i z a t i o n  of  Lady 
Musgrave I s l a n d ,  another  cay i n  t h e  Capricorn Group sou th  of  Heron 
I s l a n d ,  has  been r epo r t ed  by Walker 199lb.  The p l a n t  s p e c i e s  
d i v e r s i t y  of Lady Musgrave I s l a n d  inc reased  l i n e a r l y  from 1927 t o  
1989, b u t  t h i s  was appa ren t ly  an a r t i f a c t  of management procedures  i n  
t h a t  pe r iod ,  d i v e r s i t y  vary ing  a s  goa t  popula t ions  r o s e  and f e l l .  

I n  October 1987 a  l a r g e  q u a n t i t y  of  rubble  and s i l t  excavated from 
t h e  b a s i n  of t h e  harbour  a t  Heron I s l a n d  was depos i t ed  on t h e  south-  
wes o f  and b u i l t  up u n t i l  t h e  s u r f a c e  was a t  about  
t h e  l e v e l  of  t h e  ad j acen t  t e r r e s t r i a l  v e g e t a t i o n ,  and w e l l  above 
s p r i n g  t i d e  l e v e l s .  The upper s u r f a c e  was f l a t ,  wi th  a  t o t a l  a r e a  of  
about  150m x  40m and more o r  less lens-shaped i n  o u t l i n e .  A rubble  
beach with a  low bank of coarse  c o r a l  fragments formed around t h e  
edge of  t h e  reclaimed a r e a .  The m a t e r i a l s  i n  t h e  bank have been 
d i scus sed  by Gourlay (1991) .  

No a t tempt  was made t o  vege t a t e  o r  o therwise  s t a b i l i z e  t h i s  d e p o s i t  
of  c o r a l l i n e  rubble .  Vehicular  t r a f f i c  s k i r t e d  t h e  landward edge of 
t h e  d e p o s i t ,  bu t  an a r e a  approximately 7 O m  l ong ,  and wi th  an a r e a  of 
about  700m2 was s u b j e c t  t o  l i t t l e  t r a f f i c :  n a t u r a l  c o l o n i z a t i o n  of  
t h i s  a r e a  commenced about two yea r s  a f t e r  t h e  rubble  was depos i t ed .  
Th i s  co lon iza t ion  provided an oppor tun i ty  t o  s tudy  t h e  succes s iona l  
p roces s  on what amounted t o  an ex t ens ion  of  a c o r a l  cay. Such an 
oppor tun i ty  i s  n o t  common. and o f f e r s  t h e  chance t o  exp lo re  t h e  
p roces se s  of  vege t a t i on  development on a  cay,  p roces se s  of s c i e n t i f i c  
and app l i ed  i n t e r e s t  a s  e x p l o i t a t i o n  of  cays by t o u r i s t s  i n c r e a s e s .  

I n  March 1992 a  cyclone eroded a  l a r g e  p o r t i o n  of  t h e  bank, and 
inundat ion  wi th  s a l t - w a t e r  k i l l e d  almost  a l l  t h e  p l a n t s ,  b r ing ing  t h e  
s tudy  t o  an end. 

METHODS 

Heron I s l a n d  was v i s i t e d  a t  i n t e r v a l s  from December 1987 u n t i l  March 
1992, du r ing  which t i m e  vege t a t i on  r eco rds  were made. I n  December 
1987, December 1988, September and December 1989, March, June 
September and December 1990, and March and J u l y  1991 i t  was 
p r a c t i c a b l e  t o  count a l l  i n d i v i d u a l s  of  a l l  s p e c i e s  on t h e  vege ta ted  
p o r t i o n  of  t h e  rubble  bank. I n  September and December 1991 i t  was 
necessary  t o  e s t i m a t e  numbers of t h e  more common s p e c i e s  by p l a c i n g  
two l i n e s  of  quad ra t s  a t  f i v e  metre i n t e r v a l s  s y s t e m a t i c a l l y  a c r o s s  
t h e  a r e a .  The numbers of less common and more prominent s p e c i e s  
were,  however, counted. 



RESULTS 

The f i r s t  p l a n t s  appeared on t h e  rubble  bank i n  December 1989, 
morethan two y e a r s  a f t e r  t h e  bank was depos i t ed ,  when a  t o t a l  of 12  
sma l l  and r a t h e r  badly sand-b las ted  i n d i v i d u a l s  o f  Sisymbrium 
orientale L were counted.  The numbers o f  p l a n t s  l a r g e  enough t o  
i d e n t i f y  and found wi th in  t h e  a r e a  i s  shown i n  Table  1 ,  reaching  a  
maximum o f  about 50,000 i n d i v i d u a l s  i n  a  t o t a l  o f  30 s p e c i e s ,  14 o f  
which were e i t h e r  n a t i v e  t o  Heron I s l a n d ,  o r  n a t i v e  t o  o t h e r  s i m i l a r  
i s l a n d s  i n  t he  Capricorn group. 

P 1 ch ed ss 
about themselves provid ing  l o c a t i o n s  which were apparen t ly  
p a r t i c u l a r l y  favourable  si tes f o r  germinat ion and e s t ab l i shmen t .  The 
g r a s s e s ,  i n  p a r t i c u l a r  Lepturus repens, b u i l t  l o n g - l a s t i n g  sand 
mounds up t o  30 cm h igh  on t h e  o therwise  f l a t  rubble  s u r f a c e .  Sea 
b i r d s ,  e s p e c i a l l y  t e r n s ,  f requented  t h e  a r e a  i n  l a r g e  numbers. 

Two of  t h e  Casuarina equisetifolia p l a n t s  which were f i r s t  no t i ced  i n  
November 1990 had reached h e i g h t s  of  75cm and 133cm r e s p e c t i v e l y  by 
September 1991. Tournefortia argentea p l a n t s  which appeared a t  t h e  
same time had canopies  ranging from 145cm t a l l  and 140 cm wide t o  
25cm t a l l  and 50 cm t a l l  i n  September 1991: t h e  l a r g e r  p l a n t s  had 
f lowered and f r u i t e d .  The r o o t  systems of  one Casuarina equisetifolia 
were exposed by t h e  s torm which des t royed  much of t h e  rubb le  bank, 
and showed t h a t  r o o t  nodules  were common. 

The t o t a l  number of  i d e n t i f i a b l e  p l a n t s  was l o g a r i t h m i c a l l y  r e l a t e d  
t o  days s i n c e  c r e a t i o n  of t h e  rubble  heap ( f i g .  1) 

Ln N = -6,682 + 1-47 D x lo-'. (r' = 0.903,  p  < F=55.6* 6 
d f )  

where N i s  t h e  t o t a l  number of  p l a n t s  and D i s  t h e  number of  days 
s i n c e  t h e  rubb le  bank was depos i ted .  

The t o t a l  number of s p e c i e s  co lon iz ing  t h e  rubble  ( N )  was r e l a t e d  t o  
logar i thm of  t i m e  s i n c e  depos i t i on  ( D )  ( f i g .  2 )  

N = -316 + 47.3 I n  D (r2 = 0.966,  p  < I % ,  F = 173,  6 d f )  



Table 1 

Numbers of  p l a n t s  recorded on va r ious  d a t e s  from a rubble  bank 
depos i t ed  a t  Heron I s l a n d  i n  October 1987. Seedl ings  t oo  smal l  t o  
i d e n t i f y  a r e  l i s t e d  a t  t h e  f o o t  of t h e  t a b l e .  Spec ies  numbers r e f e r s  
t o  t h e  cumulat ive number of n a t i v e  s p e c i e s ,  in t roduced  s p e c i e s  and 
t o t a l  s p e c i e s  r epo r t ed  t o  t h e  given d a t e  on t h e  rubble  bank. 
In t roduced  s p e c i e s  are i n d i c a t e d  with an a s t e r i s k .  No p l a n t s  were 
p r e s e n t  i n  September 1989. Dates 

- - -  
Date 12.89 6.90 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Species 

Abut i l  on asiat ici~~;i 

Achyranthes asperaa 

Amaranthus vir idis' 

Argernone ochroleucn' 

Roerhavia tetrondra 

Cakile cdentula 

Capsella bursa-pastoralis* 

Casuarina equisitifolia 

Cenchrus echinatusf 

Conyza bonariensis* 

Coronopus didymus* 

Digitaria ciliaris* 

Eleusine brevifolia* 

Eleusine indicaf 

Gnaphaliuni luteoalbuni 

Iponioea pcs-caprae 

1,epturus repens 

1,ycopersicuni csculentum* 

Poa annua" 

Portulaca oleracea 

Sesuviuni portulaca st run^ 

Sisyn~briuni orientale* 12 

Sonchus oleraceous* 

Solanuni arnericanuni* 

Sporobolus virginicus 

Stenotaphrum rnicranthumf 

Thuarea involuta 

Tournefortia argentea 

Tribulus cistoides 

Wollastonin biflora 

Total numbers of plants 

Identified plants 12 

Native plants 0 

Seedlings (unidentified) 

Total Plants 12 

i n d i c a t e  month and y e a r .  

Total numbers of species 

Native species 0 3 4 8 10 14 14 

Introduced species 1 5 7 8 12 16 16 

Total species 1 8 11 16 22 30 30 
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F i g u r e  1 .  Number of i n d i v i d u a l  p l a n t s  on a  rubb le  bank on Heron 
I s l a n d  compared with t h e  number of  days s i n c e  depos i t i on  
of  t h e  rubb le .  
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F i g u r e  2 .  Cumulative number o f  s p e c i e s  c o l o n i z i n g  a rubb le  bank on 
Heron I s l a n d  compared wi th  t h e  number of  days s i n c e  
d e p o s i t i o n  of t h e  rubble .  



6. 

The number o f  n a t i v e  s p e c i e s  ( N )  f i t t e d  a  s i m i l a r  r e l a t i o n s h i p  

N = -158 + 23.5 I n  D (r2 = 0.940, p < l % ,  F = 94.0,  6 d f )  

as d i d  t h e  number o f  in t roduced  s p e c i e s  ( N )  

N = -  157 + 23.7 I n  D ( r2  = 0.973,  p < l % ,  F = 217, 6 d f )  

The more common s p e c i e s  occu r r ing  on t h e  s i t e  (Boerhavia repens,  
Congza b o n a r i e n s i s ,  CakiZe edentu la ,  EZeusine ind ica ,  Sisgmbrium 
o r i e n t a l e )  a l s o  showed a  s t a t i s t i c a l l y  s i g n i f i c a n t  r e l a t i o n s h i p  ( r2 > 
0.701  p < I%,  F >55 i n  each c a s e )  between time s i n c e  d e p o s i t i o n  of  
t h e  rubb le  and logar i thm o f  t o t a l  number o f  i n d i v i d u a l s  on t h e  s i t e ,  

Of t h e  s p e c i e s  r epo r t ed  on t h e  bank two, EZeusine brev i foZia  and 
Sesuvium p o ~ t u Z a c a s t m m ,  have n o t  been r epo r t ed  p rev ious ly  from t h e  
i s l a n d .  

Discussion 

The c o l o n i s a t i o n  o f  t h e  rubble  bank was i n i t i a l l y  s low,  bu t  t h e  
number of  i n d i v i d u a l s  increased  r a p i d l y  and l o g a r i t h m i c a l l y  
throughout  t h e  pe r iod .  The number of  i n d i v i d u a l s  o f  t h e  more common 
s p e c i e s  a l s o  showed a  l oga r i t hmic  i n c r e a s e  wi th  t ime ,  none reaching  a  
c l e a r  p l a t e a u  s t a g e  o r  even showing a  w e l l  de f ined  drop i n  growth 
r a t e  r e s u l t i n g  i n  a  l o g i s t i c  curve which might be expected i f  
r e sou rces  became l i m i t i n g  and competi t ion f o r  r e sou rces  i nc reased  
(Harper 1977) .  It is  apparen t  t h a t  while  t h e  presence of  some of  t h e  
e a r l i e r  c o l o n i z e r s  may have f a c i l i t a t e d  t h e  e s t ab l i shmen t  of  o t h e r  
s p e c i e s ,  succes s ion  had n o t  proceded t o  t h e  e x t e n t  t h a t  t h e  l a t e r  
a r r i v a l s  had begun t o  exc lude  t h e  i n i t i a l  s p e c i e s .  The appearance of  
long  l i v e d  woody s p e c i e s  and of  pe renn ia l  g r a s s e s ,  however, sugges t s  
t h a t  g iven  more t i m e  d isplacement  o f  popu la t i ons  of  weedy s p e c i e s  
would proceed.  

The number of  s p e c i e s  i nc reased  r a p i d l y  once c o l o n i z a t i o n  commenced, 
b u t  slowed s o  t h a t  i t  decreased with t h e  logar i thm of  t i m e .  Th i s  i s  
e n t i r e l y  c o n s i s t e n t  wi th  a  l o g i s t i c  r e l a t i o n s h i p  between s p e c i e s  
r i c h n e s s  and time a v a i l a b l e  f o r  co lon iza t ion .  Seve ra l  s p e c i e s  which 
a r e  common on t h e  margin of  t h e  s t r a n d  had n o t  appeared by 
t e rmina t ion  of  t h e  s tudy .  ScaevoZa taccada  i s  common on exposed 
s h c r e s ,  a s  i s  Pandanus heronens is ,  n e i t h e r  of  which were d iscovered .  
ScaevoZa t accada ,  l i k e  Tournefort ia  a rgen tea  has  a  f l e s h y  f r u i t  and 
both a r e  appa ren t ly  b i r d  d i spe r sed :  why only  T. a rgen tea  has  
succeeded i n  c o l o n i s i n g  t h e  rubb le  i s  u n c l e a r .  There is no apparen t  
b i o l o g i c a l  agent  t o  move about  t h e  l a r g e ,  a romat ic ,  f l e s h y  f r u i t s  of  
Pandanus t e c t o r i u s  which appear simply t o  f a l l  a t  t h e  base of  t h e  
p l a n t :  t hose  which f a l l  on to  a  beach may then  be  d i spe r sed  i n  t h e  
s e a ,  and f r u i t s  of  Pandanus o f t e n  found i n  t h e  beach d r i f t  on Heron 
I s l a n d .  



While t h e  v a s t  bulk of  p l a n t s  p r e sen t  a r e  weeds ( t a b l e  I ) ,  t h e  n a t i v e  
f l o r a  was w e l l  r ep re sen t ed .  Of t h e  30 n a t i v e  p l a n t s  p r e s e n t l y  on t h e  
i s l a n d ,  13 were p re sen t  on t h e  rubble  f o u r  y e a r s  a f t e r  depos i t i on .  
Sesuviwn portuZacastrum, whi le  n o t  p r ev ious ly  recorded from Heron 
I s l a n d  i s  known from o t h e r  I s l a n d s  i n  t h e  Capricorn Group, and,  given 
t h e  high r a t e  o f  i n t r o d u c t i o n s  and e x t i n c t i o n s  from such I s l a n d s  
(Chaloupka & Domm 1985) is t r e a t e d  a s  n a t i v e  t o  t h e  I s l a n d .  Ipomoea 
pes-caprae was r epo r t ed  on t h e  rubble  bank a f t e r  a  long  absence from 
t h e  I s l a n d  (Chaloupka and Domm 1985). However, a l though both  
Sesuvium portuZacastrum and Ipomoea pes-caprae appeared i n  an t o  be 

e rubble  area, t h e i r  r e c e n t  absence 
l a c k  o f  app rop r i a t e  n a t u r a l  h a b i t a t s  on 

Heron I s l a n d  i n  r e c e n t  y e a r s ,  bo th  were subsequent ly  observed growing 
as ground-cover p l a n t s  i n  t h e  gardens of  t h e  Heron I s l a n d  Reso r t .  

The t h r e e  n a t i v e  g ra s se s  which c h a r a c t e r i z e  Heron I s l a n d  (SporoboZus 
v i r g i n i c u s ,  Lepturus  r epens ,  and Thuarea i n v o l u t a )  were p r e s e n t  and 
formed an e x t e n s i v e  cove r ,  accumulating s u b s t a n t i a l  sand mounds. The 
long- l ived  p e r e n n i a l s  Tournefort ia  a rgen tea  and Casuarina 
e q u i s e t i f o l i a  which a r e  prominent i n  t h e  vege t a t i on  immediately 
behind t h e  beaches o f  Heron I s l a n d  were w e l l  e s t a b l i s h e d .  The 
elements  of  a  s t r u c t u r e d  n a t u r a l  vege t a t i on  were,  t h e r e f o r e ,  i n  p l a c e  
a f t e r  about  t h r e e  y e a r s  a f t e r  t h e  depos i t i on  o f  t h e  rubble  bank, and 
q u i t e  v i s u a l l y  prominent a f t e r  fou r  y e a r s .  

Weed popula t ions  i n  t h e  d i s t u r b e d  a r e a  were h igh ,  and almost a l l  o f  
t h e  weedy s p e c i e s  r epo r t ed  from t h e  i s l a n d  were found growing on t h e  
rubble  bank. The appearance of  numbers of  Argemone ochroleuca on t h e  
bank was s u r p r i s i n g ,  a s  a l though repor ted  f o r  t h e  i s l a n d  by Chaloupka 
and Domm (1986) i t  has  n o t  been observed i n  r e c e n t  y e a r s .  Although 
no specimen was permi t ted  t o  grow t o  ma tu r i t y ,  young p l a n t s  were 
found i n  J u l y ,  September and December 1991, and i n  March 1992. A 
popula t ion  i n  excess  o f  50 seeds  was somehow in t roduced  t o  t h e  rubble  
bank, and s c a t t e r e d  a c r o s s  i t .  It i s  l i k e l y  t h a t  a s  t h e  pe renn ia l  
n a t i v e  g r a s s  cover  increased  and sand accumulated on t h e  bank, t h a t  
t h e  dominance o f  t h e  s h o r t - l i v e d  weedy d i c o t s  would have decreased .  

The speed wi th  which p l a n t s  reco lonized  such an i n h o s p i t a b l e  
environment,  and t h e  d i v e r s i t y  of  s p e c i e s  developing,  has  
i m p l i c a t i o n s  f o r  t h e  management of  c o r a l  cays .  R e h a b i l i t a t i o n  o f  a  
damaged cay u s i n g  n a t i v e  s p e c i e s  i s  l i k e l y  t o  be  r ap id  and r e l a t i v e l y  
ea sy ,  provided t h a t  t h e  source  of  d i s tu rbance  i s  removed. The n a t i v e  
s p e c i e s  which dominate sho re - l i ne s  (Casuarina e q u i s e t i j o l i a  and 
Tournefor t ia  a r g e n t e a )  e s t a b l i s h  e a s i l y  i n  appa ren t ly  i n h o s p i t a b l e  
c o n d i t i o n s ,  and make r a p i d  growth. That  t h e  n a t i v e  vege t a t i on  shows 
a r a p i d  redevelopment i s  c o n s i s t e n t  wi th  a vege t a t i on  which has  
evolved i n  a  s e v e r e  and p e r i o d i c a l l y  d i s t u r b e d  environment,  such a s  a  
c o r a l  cay.  
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