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CHANGES I N  THE D I S T R I B U T I O N  OF THE COCCID 

ICERYA SEYCHELLARUM WESTW* ON ALDABRA ATOLL  

I N  R E L A T I O N  T O  VEGETATION D E N S I T Y  

ABSTRACT 

1. The o v e r a l l  abundance of I c e r y a  seyche l la rum Westw. (Margaro- 
d i d a e  : Homoptera), on Aldabra  A t o l l  i n  t h e  Western I n d i a n  Ocean, h a s  
changed l i t t l e  between 1978 and 1983 bu t  i t s  s p a t i a l  d i s t r i b u t i o n  over  
t h e  a t o l l  h a s  a l t e r e d  markedly.  2 .  S e v e r a l  s u s c e p t i b l e  h o s t  t r e e  spe- 
c i e s  showed ten- fo ld  o r  more h i g h e r  median i n f e s t a t i o n  l e v e l s  i n  t h e  
SE t h a n  t h e  NW q u a d r a n t  of t h e  a t o l l .  These d i f f e r e n c e s  were n o t  e v i -  
d e n t  i n  1978. 3. The r e s u l t s  of t h e  1983 survey  a r e  suppor ted  by 
b i a n n u a l  moni to r ing  of f i v e  s p e c i e s  of h o s t  t r e e s  from 1980 t o  1983. 
4. S ince  1978 t h e  l e v e l  of c o c c i d  i n f e s t a t i o n  h a s  r i s e n  i n  t h e  SE, 
where tree m o r t a l i t y  i s  l a r g e l y  d e n s i t y  independen t ,  bu t  h a s  remained 
low i n  t h e  NW, where t r e e  m o r t a l i t y  i s  more d e n s i t y  dependent .  

Keywords: Coccids Aldabra  A t o l l  D i s t r i b u t i o n  Hosts  Vege ta t ion  
Dens i ty .  

INTRODUCTION 

Two s u r v e y s  of t h e  d i s t r i b u t i o n  of t h e  c o c c i d ,  I c e r y a  seyche l la rum,  
Westw. (Margarodidae : Homoptera), i n  1976/77 and i n  1978 on Aldabra 
A t o l l ,  showed an  o v e r a l l  low abundance ( H i l l  and Newbery, 1980) com- 
pared  w i t h  t h e  peak i n f e s t a t i o n s  of 1975 (Renvoize,  1975) .  Host t r e e  
s p e c i e s  d i f f e r e d  c o n s i d e r a b l y  i n  t h e i r  s u s c e p t i b i l i t y  t o  c o c c i d s  ( H i l l  
and Newbery, 1980; Newbery, H i l l  and Waterman, 1983) b u t  t h e  abundance 
o f  c o c c i d s  on any h o s t  s p e c i e s  v a r i e d  i n s i g n i f i c a n t l y  between d i f f e r e n t  
a r e a s  of t h e  a t o l l .  Thus, by l a t e  1978, t h e  o u t b r e a k  which had s t a r t e d  
c .  1968 ( H i l l  and Newbery, 1982) appeared t o  have s e t t l e d  down t o  an 
even and r e s i d u a l  l e v e l .  I n  t h i s  paper  we r e p o r t  t h e  r e s u l t s  of a  r e -  
su rvey  of t h e  s t a t u s  of I. seyche l la rum on Aldabra  i n  1983 and monitor-  
i n g  o f  t h e  c o c c i d  on f i v e  t r e e  s p e c i e s  between 1980 and 1983. 

' ~ e ~ a r t m e n t  of B i o l o g i c a l  S c i e n c e ,  U n i v e r s i t y  o f  S t i r l i n g ,  S t i r l i n g  

2  
FK9 4LA,  Scot land .  

D.S.I.R. Entomology D i v i s i o n ,  P r i v a t e  Bag, Auckland, New Zealand. 



METHODS 

Survey o f  cocc id  d i s t r i b u t i o n  and abundance 

Between J u l y  and August 1983,  we recorded  t h e  abundance of I. 
seyche l la rum on t h e  woody f l o r a  o f  Aldabra  i n  t h e  a r e a s  shown in- 
F i g u r e  1. Apart  from t h e  recent ly-opened l o n g  t r a n s e c t  i n  t h e  south-  
w e s t ,  t h e s e  a r e a s  were approx imate ly  t h e  same a s  t h o s e  sampled i n  t h e  
1976177 and 1978 s u r v e y s  by H i l l  and Newbery (1980).  

The woodlands and shrub  v e g e t a t i o n  were sampled by a p l o t l e s s  
method. I n  e a c h  a r e a  sampl ing p o i n t s  were chosen e i t h e r  i n  a pseudo- 
random, r e p r e s e n t a t i v e  manner, o r  e v e n l y  a t  i n t e r v a l s  of c .  lOOm a long  
t r a n s e c t  l i n e s .  At each  sampling p o i n t  t h e  n e a r e s t  t h i r t y  t r e e s  were 
i d e n t i f i e d  and t h e  cocc id  i n f e s t a t i o n  s c o r e d  a s  a composite v a l u e  f o r  
each i n d i v i d u a l  tree and on t h e  same s c a l e  used i n  1976177 and 1975, 
v i z :  0 ,  no c o c c i d s  found a f t e r  s e a r c h i n g ;  1, few c o c c i d s  found a f t e r  
s e a r c h i n g ;  2 ,  numerous c o c c i d s  e v i d e n t  w i t h o u t  s e a r c h i n g ;  3 ,  v a s t  num- 
b e r s  of c o c c i d s ;  4 ,  c o c c i d  i n f e s t a t i o n  d e v a s t a t i n g .  Our hundred and 
twenty- three  sampling p o i n t s  were a l l  i n  'mixed-scrub' v e g e t a t i o n  
(Newbery and H i l l ,  1981; Gibson and P h i l l i p s o n ,  1983) and t h e s e  were 
supplemented by o b s e r v a t i o n s  on a l l  i n d i v i d u a l s  of s u s c e p t i b l e  s p e c i e s  
when encounte red  i n  wa lk ing  between sampling p o i n t s .  I n  t h i s  c o n t e x t  
a s u s c e p t i b l e  s p e c i e s  was one which had a median i n f e s t a t i o n  s c o r e  of 
1 .0  o r  more i n  t h e  1976177 o r  1978 surveys .  Mangrove, Pemphis a c i d u l a -  
dominated,  and c o a s t a l  s c r u b  communities were sampled i n  a s i m i l a r  b u t  
l e s s  i n t e n s i v e  manner. ( A u t h o r i t i e s  f o r  p l a n t  s p e c i e s  a r e  inc luded  i n  
Table  1 . )  Time was n o t  a v a i l a b l e  t o  comprehensively s e a r c h  f o r  r a r e  
t r e e  s p e c i e s .  

The r e s u l t s  of t h e  l a t e  1983 moni to r ing  ( r e f e r r e d  t o  below) were 
added t o  o u r  sample. Excluding seven uncommon h o s t - t r e e  s p e c i e s ,  each 
of which had less t h a n  t e n  i n d i v i d u a l s ,  5137 t r e e s  and woody s h r u b s  
were sampled from t h i r t y - s i x  s p e c i e s .  

I n  t h e  l i g h t  of t h e  e a r l i e r  s u r v e y s  ( H i l l  and Newbery, 1980) and 
d e t a i l e d  s t u d i e s  on h i g h l y  s u s c e p t i b l e  s p e c i e s  (Newbery, 1980a ,b ,c  
and H i l l ,  1 9 8 0 ) ,  t h i r t y  i n d i v i d u a l s  of each  o f  f i v e  h e a v i l y  i n f e s t e d  
tree s p e c i e s  were randomly s e l e c t e d  and tagged a long  t r a n s e c t s  i n  a r e a s  
of t h e  a t o l l  where t h e y  were l o c a l l y  abundant and h i g h l y  i n f e s t e d  i n  
1980 : Scaevola  s e r i c e a  ( n e a r  t h e  Research S t a t i o n ,  P i c a r d  I s l a n d ,  and 
n e a r  Dune J e a n  Louis ,  Grande T e r r e ) ;  Euphorbia p y r i f o l i a  (Anse Var,  
P i c a r d  I s l a n d )  ; F i c u s  nautarum (Cinq Cases ,  Grande ~ e r r e )  ; Sideroxy lon  
inerme (Gionnet and Middle Camps, Malabar I s l a n d )  and Avicennia  marina  
(La G i g i ,  P i c a r d  I s l a n d ,  and Cinq Cases c r e e k ,  Grande T e r r e ) .  

T r e e s  were scored  f o r  c o c c i d  abundance b i a n n u a l l y  from 1980 t o  
1983 u s i n g  t h e  su rvey  s c o r i n g  s c a l e  of 0 t o  4.  Where an  i n d i v i d u a l  
t r e e  d i e d  between t h e  sampl ing t i m e s  t h e  number of r e p l i c a t e s  were 
fewer a t  t h e  t ime  of measurement and t h e s e  numbers were made up by 



randomly s e l e c t i n g  and t a g g i n g  new i n d i v i d u a l s .  (E. p y r i f o l i a  was n o t  
sampled i n  t h e  f i r s t  s i x  months of 1980: I n  one  c a s e ,  2. s e r i c e a  n e a r  
Dune J e a n  Louis ,  t h e  number o f  r e p l i c a t e  bushes  was twenty- three;  and 
i n  twelve o t h e r  of t h e  s i x t y - f o u r  s p e c i e s - s i t e - t i m e  combinat ions  t h i s  
number was between twenty-s ix  and twenty-nine . )  

RESULTS 

Comuarison w i t h  u rev ious  s u r v e y s  

The median i n f e s t a t i o n  s c o r e s  05 t h e  t h i r t y - s i x  s p e c i e s  a r e  shown 
i n  Tab le  1 f o r  t h e  whole a t o l l  and f o r  i t s  f o u r  q u a d r a n t s  (F ig .  1 ) .  
Thirty-two s p e c i e s  had median i n f e s t a t i o n  s c o r e s  g r e a t e r  t h a n  n i l  i n  
e i t h e r  t h e  1983 survey  o r  one of t h e  1976177 o r  1978 s u r v e y s  (Table I ,  
H i l l  and Newbery, 1980) .  Spearman rank  c o r r e l a t i o n s  between t h e  s c o r e s  
i n  1983 and s c o r e s  i n  1976177, and i n  1978, were h i g h l y  s i g n i f i c a n t  
(P <0.01,  r=0.77,3 and 0.864 r e s p e c t i v e l y ) ,  i n d i c a t i n g  t h a t  t h o s e  spe- 
c i e s  which were h i g h l y  and lowly  i n f e s t e d  i n  1976177 and 1978 remained 
s o  i n  1983. 

For  t h e  whole a t o l l  t h e  changes i n  median i n f e s t a t i o n  f o r  t h e s e  
t h i r t y - t w o  s p e c i e s  between 1976177 and 1983 and between 1978 and 1983 
were n o t  s i g n i f i c a n t  by s i g n  t e s t s  (15+, 17- ; 18+, 10- , 4 n i l  d i f f e r -  
e n c e s  r e s p e c t i v e l y ,  P >0 .05) .  Of t h e  t e n  most h e a v i l y  i n f e s t e d  s p e c i e s  
i n  1983 (Table  l ) ,  between 1976/77 and 1983 f i v e  i n c r e a s e d  and f i v e  de- 
c r e a s e d  i n  i n f e s t a t i o n  and t h e  same o c c u r r e d  between 1978 and 1983. 

V a r i a t i o n  i n  i n f e s t a t i o n  a c r o s s  t h e  a t o l l  (1983) 

F i c u s  nautarum, S ideroxy lon  inerme and Apodytes d i m i d i a t a  show 
approx imate ly  t en- fo ld  h i g h e r  mean i n f e s t a t i o n  s c o r e s  i n  t h e  SE quadran t  
t h a n  i n  t h e  NW q u a d r a n t ,  and Avicennia  marina  shows a s i x t e e n - f o l d  d i f -  
f e r e n c e  i n  t h e  same d i r e c t i o n .  For  Pemphis a c i d u l a  t h e  i n f e s t a t i o n  i n  
t h e  SE i s  about  s i x t y  t i m e s  t h a t  i n  t h e  NW, though i t  must be noted 
t h a t  t h i s  i s  c o a s t a l  and mixed-scrub P. a c i d u l a  and n o t  t h e  main P. 
a c i d u l a  dominated v e g e t a t i o n  zone i n  which i n d i v i d u a l s  a r e  rarely-in- 
f e s t e d .  Scaevola  s e r i c e a  and P o l y s p h a e r i a  m u l t i f l o r a  d i f f e r e d  l i t t l e ,  
i n  i n f e s t a t i o n  between t h e  SE and NW q u a d r a n t s  : many o t h e r  s p e c i e s  i n  
Tab le  1 had e i t h e r  sample s i z e s  t h a t  were t o o  s m a l l  f o r  a n a l y s i s  o r  
median i n f e s t a t i o n s  t h a t  were t o o  low t o  make comparisons a c r o s s  t h e  
a t o l l .  The NE, l i k e  t h e  NW, quadran t  had compara t ive ly  low i n f e s t a t i o n  
s c o r e s ,  even on t h e  g e n e r a l l y  more s u s c e p t i b l e  s p e c i e s ;  b u t  i n  t h e  SW 
quadran t  (most of which was n o t  a c c e s s i b l e  f o r  sampl ing i n  1976177 and 
1978) Sideroxylon inerme,  Scaevola  s e r i c e a  and P o l y s p h a e r i a  m u l t i f l o r a  
had n o t a b l y  h i g h  and s i m i l a r  l e v e l s  of i n f e s t a t i o n  t o  t h o s e  t h e  SE 
quadran t .  

C l e a r l y ,  i n  t h e  SE quadran t  t h e  s u s c e p t i b l e  h o s t  s p e c i e 6  s u p p o r t  
h i g h e r  median i n f e s t a t i o n  l e v e l s  t h a n  i n  t h e  NW quadran t  w i t h  t h e  SW 
and NE q u a d r a n t s  be ing  i n t e r m e d i a t e .  Comparing t h e  median i n f e s t a t i o n  
s c o r e s  i n  t h e  NW quadran t  (1983) w i t h  t h o s e  o v e r  t h e  whole a t o l l  i n  



1976177, and i n  1978, shows no s i g n i f i c a n t  change (P >0.05)  by s i g n  
tests (8+, 9-, 2 n i l  ; 7+, 11-, 1 n i l  d i f f e r e n c e s ,  r e s p e c t i v e l y ) .  
S i m i l a r i l y ,  f o r  t h e  SE quadran t  t h e  s i g n  t e s t s  show an o v e r a l l  rise, 
b u t  t h i s  is  s i g n i f i c a n t  a t  o n l y  P ~ 0 . 1  ( lo+ ,  4-, 1 n i l  d i f f e r e n c e s  i n  
b o t h  c a s e s ) .  

D i f f e r e n c e s  i n  weighted abundance of c o c c i d s  a c r o s s  t h e  a to .11 

I n  1976177 Newbery and H i l l  (1981) recorded  t h e  p e r c e n t a g e  cover  
abundance of t r e e s  and woody s h r u b s  i n  s i x t y - f i v e ,  mos t ly  20 x  20 m 
p l o t s ,  d u r i n g  t h e  c o u r s e  of t h a t  cocc id  su rvey .  The 1983 c o c c i d  d a t a  
were c o l l e c t e d  from t h e  same a r e a s  (comparing F ig .  1 i n  H i l l  and New- 
b e r y ,  1980 w i t h  F ig .  1 h e r e )  and t h e r e  h a s  been l i t t l e  v i s i b l e  change 
i n  t h e  v e g e t a t i o n  and i t s  composi t ion i n  t h a t  t i m e  i n t e r v a l  ( e x c e p t i n g  
unusua l ly  damaged v e g e t a t i o n  i n l a n d  of Dune J e a n  Louis  - Newbery per-  
s o n a l  o b s e r v a t i o n  1983) .  Those v e g e t a t i o n  d a t a  may be  used t o  ca lcu-  
l a t e  weighted v e g e t a t i o n  c o c c i d  s c o r e s  f o r  t h e  'mixed-scrub1 a r e a s  i n  
t h e  NW and SE q u a d r a n t s .  The NE was l e s s  i n t e n s i v e l y  sampled f o r  
c o c c i d s ,  b o t h  e a r l i e r  and i n  1983, and t h e  f l o r a  of t h e  SW h a s ,  i n  i t s  
wides t  p a r t ,  o n l y  been r e c e n t l y  i n v e s t i g a t e d  (C. P e e t  and D. Cowx 
unpubl i shed)  and n o t  w i t h  comparable p l o t  r e c o r d s .  The t h i r t y - t h r e e  
commonest s p e c i e s  were used : f o u r t e e n  r a r e r  ( l e s s  t h a n  1% c o v e r )  and 
very  i n f r e q u e n t l y  i n f e s t e d  s p e c i e s  were exc luded .  The mean p e r c e n t a g e  
cover  abundance f o r  each  s p e c i e s  was c a l c u l a t e d  f o r  t h i r t e e n  NW quad- 
r a n t  p l o t s  and twenty-eight  SE quadran t  p l o t s .  (Of t h e s e  l a t t e r ,  one 
was of c o a s t a l  Scaevola  s e r i c e a  dominated s c r u b  and two o t h e r s  l a y  i n  
t h e  Thepes ia  populneoides  - Lumnitzera racemosa a s s o c i a t i o n  i n l a n d  of 
Cinq Cases c r e e k ) .  The cocc id  s c o r e  f o r  each h o s t  s p e c i e s  i n  t h e  two 
q u a d r a n t s  was weighted by t h e  h o s t s 1  mean cover  abundance and t h e  
o v e r a l l  weighted mean found. For t h e  NW quadran t  t h i s  mean ( s t i l l  on 
t h e  0  t o  4 cocc id  s c o r i n g  s c a l e )  was 0.120 and i n  t h e  SE quadran t  was 
0 .363 - a t h r e e - f o l d  d i f f e r e n c e  a c r o s s  t h e  a t o l l .  

Changes i n  i n f e s t a t i o n  over  f o u r  y e a r s  

Coccid i n f e s t a t i o n s  on moni tored t r e e  s p e c i e s  g e n e r a l l y  con t inued  
t o  d e c l i n e  on Aldabra  between 1980 and 1983,  e x c e p t  f o r  t h e  SE moni- 
t o r e d  Avicennia  marina  and F i c u s  - nautarum (F ig .  2 )  which appeared t o  
i n c r e a s e .  I n f e s t a t i o n s  have been h igh  on Scaevo la  s e r i c e a ,  Avicennia  
marina and F i c u s  nautarum t o  a  s i m i l a r  l e v e l  shown i n  t h e  1976177, 
1978 and 1983 surveys .  The most obvious  d e c l i n e  from moderate i n f e s *  
t a t i o n s  i n  1980 t o  n e a r  z e r o  l e v e l s  i n  1983 were f o r  S ideroxy lon  inerme 
(Malabar I s l a n d )  and Avicennia  marina  ( P i c a r d  I s l a n d ) .  

DISCUSSION 

The two p r e v i o u s  s u r v e y s  of 1976177 and 1978 were conducted i n  
A l d a b r a l s  wet season  w h i l s t  a c c e s s  t o  t h e  a t o l l  was o n l y  p o s s i b l e  a t  
t h e  end of t h e  w e t  season  and t h e  s t a r t  of t h e  d r y  season  i n  1983. 
It i s  u n l i k e l y  t h a t  d i f f e r e n c e s  between t h e  1983 and p r e v i o u s  r e s u l t s  
were due t o  m e t e o r o l o g i c a l  changes because ,  a p a r t  from s p e c i e s  l i k e  



Euphorbia p y r i f o l i a  which a r e  deciduous (Newbery, 1980b) ,  phenology 
was n o t  a s i g n i f i c a n t  f a c t o r  i n  h o s t  t r e e  s u s c e p t i b i l i t y  (Newbery, 
H i l l  and Waterman, 1983)  and moni to r ing  over  t h e  f o u r  y e a r s  (F ig .  2 )  
d i d  n o t  show p e r i o d i c  changes i n  i n f e s t a t i o n  l e v e l s  from d r y  t o  wet 
season .  O v e r a l l ,  t h e r e  h a s  been l i t t l e  q u a l i t a t i v e  change ( i n  t h e  
terms of numbers of h o s t  s p e c i e s  i n c r e a s i n g  and d e c r e a s i n g )  i n  t h e  
s t a t u s  of I. seyche l la rum on Aldabra  between 1976 and 1983, and t h i s  
i s  suppor ted  by t h e  moni to r ing  r e s u l t s .  Within  t h e  a t o l l  t h e r e  have 
developed marked d i f f e r e n c e s  between t h e  NW and SE q u a d r a n t s  w i t h  i n -  
d i c a t i o n s  o f  s e r i o u s  l o c a l  i n c r e a s e s  i n  t h e  SE between 1976 and 1983. 

Aldabra  h a s  become d r i e r  i n  r e c e n t  y e a r s .  S t o d d a r t  (1984) h a s  
ana lysed  e i g h t  y e a r s  o f  a t o l l  r a i n f a l l  p a t t e r n s  based on a ra in-gauge 
c i r c u i t  of t h i r t e e n  s t a t i o n s  around t h e  a t o l l  (1974-1981). Grouping 
t h e  y e a r l y  t o t a l  r a i n f a l l  r e s u l t s  f o r  s t a t i o n s  w i t h i n  each of t h e  f o u r  
q u a d r a n t s  (and e x c l u d i n g  t h a t  f o r  I l e  E s p r i t )  f o r  t h e  y e a r s  1976 t o  
1981, t h e  NW quadran t  decreased  by 41% from 1695 mm t o  999 mm. Simi- 
l a r i l y ,  f o r  t h e  NE, SE and SW q u a d r a n t s  r e s p e c t i v e l y  t h e  changes were: 
1209 t o  798 (34%);  1229 t o  856 (30%);  and 1273 t o  855 (33%).  The SE 
i s  c o n s i s t e n t l y  d r i e r  t h a n  t h e  NW, though s u f f e r e d  a s l i g h t l y  s m a l l e r  
d e c r e a s e  i n  r a i n f a l l  t h a n  t h e  NW between 1976 and 1981. 

It seems u n l i k e l y  t h a t  t h e  i n f e s t a t i o n  i n  t h e  NW was lower because  
an  a g e n t  of b i o l o g i c a l  c o n t r o l  h a s  t aken  e f f e c t  i n  t h e s e  r e c e n t  y e a r s .  
I n  1983 no c o c c i n e l l i d  b e e t l e s  were seen  and i n  1976-1978 H i l l  and 
Blackmore (1980) found o n l y  a few b e e t l e s  a f t e r  s e a r c h i n g .  P a r a s i t e s  
were n o t  found i n  1976-1978 and i n  1983 t h e r e  was no ev idence  of dead 
c o l o n i e s  which could  have been a r e s u l t  of t h e s e  o r  of a pathogen. 

There are l a r g e  d i f f e r e n c e s  i n  h a b i t a t  between t h e  NW and SE 
q u a d r a n t s  of t h e  a t o l l .  I n  geomorphology, t h e  NW h a s  a rough,  d i s -  
s e c t e d  t e r r a i n  o f  pav6 and champignon c o r a l  w h i l s t  i n  t h e  SE t h e  
predominant form i s  f l a t  p l a t i n  l i m e s t o n e  ( S t o d d a r t  -- e t  a l . ,  1971) 
e x c e p t  f o r  t h e  a r e a s  j u s t  i n l a n d  of t h e  s o u t h  c o a s t .  A s  a  consequence 
s o i l s  f i l l  wide s h a l l o w  b a s i n s  i n  t h e  SE whereas i n  t h e  NE trees a r e  
r o o t e d  i n  much s m a l l e r ,  o f t e n  deeper  pocke t s  ( T r u d g i l l ,  1979a ,b ) .  The 
v e g e t a t i o n  i n  t h e  NW i s  a s p e c i e s - r i c h  c l o s e d  canopy (average  p e r c e n t -  
age cover  of woody s p e c i e s  131%,  Newbery and H i l l ,  1981) compared w i t h  
t h e  r e l a t i v e l y  spec ies -poor  and more open (85% cover )  canopy i n  t h e  SW 
( s e e  a l s o  Hnat iuk and Merton,  1979a,b and Gibson and P h i l l i p s o n ,  1983) .  
The v e g e t a t i o n  i n  t h e  SE i s  more exposed t h a n  i n  t h e  NW t o  SE t r a d e  
winds d u r i n g  t h e  d r y  season  (Hnat iuk,  1979) .  These f a c t o r s  s u g g e s t  
t h a t  dec reased  r a i n f a l l  w i l l  b e  more d e l e t e r i o u s  t o  t h e  v e g e t a t i o n  i n  
t h e .  SE t h a n  i n  t h e  NW, and g r e a t e r  w a t e r  stress may, i n  p a r t ,  e x p l a i n  
t h e  h i g h e r  l e v e l s  of c o c c i d  i n v e s t a t i o n  i n  t h e  SE (Newbery, 1 9 8 0 a , c ) .  

Aga ins t  t h i s  h y p o t h e s i s  i s  t h e  o b s e r v a t i o n  t h a t  t h e  mangrove 
~ v i c e n n i a  marina  w i l l  n o t  be  s h o r t  of w a t e r  i n  d r y  season  y e t  t h i s  
s p e c i e s  shows one of t h e  g r e a t e s t  d i f f e r e n c e s  i n  i n f e s t a t i o n  between 
t h e  NW and SE q u a d r a n t s .  Newbery (1980a) h a s  sugges ted  t h a t  one of 
t h e  c o n t r o l l i n g  f a c t o r s  of i n f e s t a t i o n  on A. marina i s  t h e  bui ld-up 
of e x c r e t e d  sa l t  on t h e  younger l e a v e s  and t h e r e f o r e  f r e q u e n t  r a i n  



may keep l e a v e s  more r e c e p t i v e  t o  c o c c i d  s e t t l e m e n t .  P o s s i b l y  i n -  
c r e a s e d  immigrat ion o n t o  - A .  marina from o t h e r  s t r e s s e d  p l a n t s  l e d  t o  
h i g h  l e v e l s  i n  t h e  SE. 

An a l t e r n a t i v e ,  bu t  n o t  i s o l a t e d ,  h y p o t h e s i s  f o l l o w s  from H i l l  
and Newbery (1980).  The peak i n f e s t a t i o n  l e v e l s  i n  1975 (Renvoize,  
1975) were a t  l e v e l s  f a r  g r e a t e r  t h a n  t h o s e  we recorded  i n  1976177 and 
1978 and may have caused t h e  d e a t h  of some s u s c e p t i b l e  trees (Newbery 
1980b ,c ) .  These d e a t h s  would have t h i n n e d  t h e  v e g e t a t i o n  and l e f t  
young, more r e s i l i e n t ,  i n d i v i d u a l s .  Could t h i s  have happened f a s t e r  
i n  t h e  NW t h a n  i n  t h e  SE? I n  t h e  SE t h e  t r e e s  a r e  more wide ly  spaced 
and m o r t a l i t y  i s  probab ly  d e n s i t y  independent  i n  t h e  main due t o  en- 
v i ronmenta l  f a c t o r s  ( S t o d d a r t  and Wright ,  1967) and t o  g r a z i n g  ( f e r a l  
g o a t s ,  Gould, 1979; and t o r t o i s e s ,  Merton, Bourn and Hnat iuk,  1976) 
which predominates  i n  t h e  SE. I n  c o n t r a s t ,  t r e e  m o r t a l i t y  i n  t h e  denser  
l u x u r i a n t  v e g e t a t i o n  of t h e  NW i s  l i k e l y  t o  be  more d e n s i t y  dependent .  

I n  t h e  NW t h e r e  i s  ample ev idence  of tree r e g e n e r a t i o n  (Newbery 
p e r s .  o b s . ) ,  whereas i n  t h e  SE t h e  g r a z e r s  r e d u c e  s e e d l i n g  s u r v i v a l  and 
hence r e g e n e r a t i o n ,  e s p e c i a l l y  i n  t h e  a r e a s  where g r a z e r s  and c o c c i d s  
a r e  both  abundant .  Removal of phloem s a p  by c o c c i d s  i n  dense  vege ta -  
t i o n  w i l l  mean t h a t  an i n f e s t e d ,  and t h e r e f o r e  weakened, t r e e  (Newbery 
1980b,c)  i s  l e s s  a b l e  t o  compete w i t h  i t s  non- in fes ted  ne ighbours  and 
would be  r a p i d l y  t h i n n e d  from t h e  v e g e t a t i o n .  Where t h e r e  i s  s u f f i c i e n t  
r a i n f a l l ,  t r e e s  could  m a i n t a i n  a  r a p i d  l e a f  t u r n o v e r  r a t e  l e a d i n g  t o  
h i g h  r a t e s  of l e a f  m o r t a l i t y  f o r  a s e d e n t a r y  s t y l e t  f e e d e r  such  as I. 
seyche l la rum,  ( H i l l ,  1980) .  Conversely ,  i n  t h e  SE t h e  same species,  
l e s s  a f f e c t e d  by t r e e - t r e e  c o m p e t i t i o n ,  a l t h o u g h  d e b i l i t a t e d  by c o c c i d s ,  
would be expec ted  t o  s u r v i v e  l o n g e r  and t o  e i t h e r  have a s lower  l e a f  
t u r n o v e r  r a t e  o r  become dec iduous  a s  a  r e s u l t  o f  t h e  d r i e r  environment.  

Evidence from s e v e r a l  s p e c i e s  s u p p o r t s  t h i s  r o l e  of v e g e t a t i o n  
d e n s i t y  i n  t h e  p o p u l a t i o n  r e g u l a t i o n  of - I. seyche l la rum:  

1. The h i g h l y  i n f e s t e d  f i g  t r e e s  (F icus  nautarum) i n  t h e  SE are l a r g e ,  
imposing t r e e s  w h i l s t  i n  t h e  NW t h e y  t end  t o  be s m a l l e r ,  growing i n  
amongst o t h e r  sh rub  and tree s p e c i e s .  S i m i l a r i l y ,  t h e  h e a v i l y  i n f e s t e d  
Gue t ta rda  s p e c i o s a  t r e e s  i n  t h e  SE a r e  w e l l  s e p a r a t e d  from ne ighbours  
and t h e r e f o r e  p robab ly  s u f f e r  l e s s  c o m p e t i t i o n  a s  a  r e s u l t .  Apodytes 
d i m i d i a t a ,  commonly i n f e s t e d  i n  t h e  SE, does  grow i n  s m a l l  clumps of 
t r e e s  and s h r u b s  though n o t  i n f r e q u e n t l y  as s e p a r a t e d  i n d i v i d u a l s .  
L a s t l y ,  Avicennia  marina  s t a n d s  sampled a t  La G i g i ,  P i c a r d  I s l a n d  (New- 
b e r y ,  1980a) and a t  Cinq Case c r e e k  a r e  s t r u c t u r a l l y  d i f f e r e n t  : The 
NW s i t e  shows c o l o n i z a t i o n  on a  sand b a r  w i t h  young growth and competi- 
t i o n ,  whereas t h e  t r e e s  i n  t h e  SE a r e  l a r g e r  and more spaced i n  c o r a l  
pocke t s  a t  t h e  upper l i m i t  of t h e  t i d e  and where t h e  zone of b r a c k i s h  
p o o l s  b e g i n s .  

2 .  Spec ies  such  a s  Scaevola  s e r i c e a  t h a t  t e n d  t o  grow a s  monospecif ic  
s t a n d s  o f  s i m i l a r  d e n s i t y  i n  t h e  NW and SE, s u f f e r  i n t r a s p e c i f i c  com- 
p e t i t i o n  between s i m i l a r l y  i n f e s t e d  i n d i v i d u a l s  and showed l i t t l e  d i f -  
f e r e n c e  i n  i n f e s t a t i o n  l e v e l s  between t h e s e  q u a d r a n t s  (Table  1 ) .  



P o l y s p h a e r i a  m u l t i f l o r a  i s  a  s m a l l  tree s p e c i e s  of dense  mixed-scrub 
and woodland o v e r  most of t h e  a t o l l  (Newbery and H i l l ,  1981; Gibson 
and P h i l l i p s o n ,  1983) and,  r a r e l y  be ing  found as an i s o l a t e d  i n d i v i d u a l ,  
a l s o  showed similar i n f e s t a t i o n  l e v e l s  i n  t h e  NW and SE. 

3.  Lumnitzera racemosa and Thespes ia  populneo ides  do n o t  a f f o r d  a NW - 
SE comparison a s  t h e y  form a s p e c i a l  community t y p e  o n l y  i n  t h e  SE. 
Calophyllum inophyl lum dominates  a n  i s o l a t e d  g rove  i n  t h e  SE, and 
Casuar ina  e q u i s e t i f o l i a  o c c u r s  i n  t h e  NW and NE. However, f o r  T. 
popu lneo ides  (much less s 0 . L .  racemosa which l i n e s  b r a c k i s h  
i t  was common t o  f i n d  w e l l  s p a c e d  i n d i v i d u a l s  which were f r e q u e n t l y  
h e a v i l y  i n f e s t e d  (Table  1 ) .  

4 .  Pemphis a c i d u l a  mainly  o c c u r s  a s  an  a lmost  monospecif ic  band of 
v e g e t a t i o n  around t h e  a t o l l  i n l a n d  of t h e  lagoon mangroves (Gibson and 
P h i l l i p s o n ,  1983) ,  and t h e r e  i t  is  v e r y  l i g h t l y  i n f e s t e d .  I n  t h e  
s p a r s e r  v e g e t a t i o n  a long  t h e  SE c o a s t  it had moderate  i n f e s t a t i o n  
l e v e l s .  S ideroxy lon  inerme p r o v i d e s  an i n t e r e s t i n g  c a s e ,  because  i t  
a l s o  had h i g h e r  i n f e s t a t i o n  l e v e l s  i n  t h e  SE t h a n  i n  t h e  NW. I n  t h e  
NW t h i s  s p e c i e s  i s  commonly found i n  e i t h e r  dense  P. a c i d u l a  s t a n d s  
o r  i n  mixed-scrub, whereas i n  t h e  SE i t  o c c u r s  a s  i s o l a t e d  t r e e s .  

Our f i n d i n g s  and h y p o t h e s i s  i l l u s t r a t e  an  impor tan t  e c o l o g i c a l  
p r i n c i p l e .  T h i s  new immigrant i n s e c t  t o  t h e  i s l a n d  ecosystem of 
Aldabra  is  s t i l l  s e t t l i n g  i n t o  i t s  fundamental  n i c h e  (MacArthur & 
Wilson, 1967; P ianka ,  1978) .  The e x t e n t  t o  which t h i s  n i c h e  i s  de- 
veloped d i f f e r s  i n  d i f f e r e n t  v e g e t a t i o n  t y p e s .  I n  t h e  p a r t s  of t h e  
a t o l l  (NW) where t h e  v e g e t a t i o n  appears  t o  be  n e a r  e q u i l i b r i u m  we 
s u g g e s t  t h a t  t h e  o r i g i n a l  o u t b r e a k  h a s  been dampened t o  a r e s i d u a l  
l e v e l  by a  p r o c e s s  of n e g a t i v e  feedback ( t h i n n i n g  and t h e  c a p a c i t y  
f o r  v e g e t a t i o n  regrowth)  whereas i n  t h e  non-equ i l ib r ium p a r t s  (SE) 
which a r e  s u b j e c t  t o  s t r o n g e r  env i ronmenta l  s t r e s s e s  e n f o r c i n g  t h e  
e f f e c t s  of i n c r e a s i n g  l a r g e  h e r b i v o r e  p r e s s u r e s  on t h e  v e g e t a t i o n ,  
a  r e c e n t  p o s i t i v e  feedback h a s  o c c u r r e d  i n  t h e  form of a  s m a l l  up- 
ward o s c i l l a t i o n  i n  cocc id  abundance. On t h i s  b a s i s ,  we p r e d i c t  t h a t  
cocc id  abundance w i l l  f a l l  back t o  a  r e s i d u a l  l e v e l  i n  t h e  SE once 
t h e  s u s c e p t i b l e  h o s t  t r e e s  have a l l  d i e d  o u t .  And, s i n c e  t h e  regen- 
e r a t i o n  of t h e s e  h o s t  s p e c i e s  i s  l i m i t e d  i n  t h e  SE, t h i s  r e s i d u a l  
l e v e l  may w e l l  be lower t h a n  t h a t  i n  NW, n o t  p r e c l u d i n g  t h e  p o s s i -  
b i l i t y  t h a t  i n  a  few decades  p r e s e n t  young i n d i v i d u a l s  of s u s c e p t i b l e  
s p e c i e s  w i l l  have aged and become more i n f e s t e d  i n  t h e  NW. 
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w 
Table 1 Median i n f e s t a t i o n  s co re s  of Icerya  seychel larum on t h e  t r e e  f l o r a  of Aldabra A t o l l  i n  1983. (n  i s  0 

t h e  sample s i z e )  

Lumnitzera racemosa Willd.  var .  racemosa 
Thespesia  populneoides (Roxb.) Kos t e l ,  
F icus  nautarum Baker 
Avicennia marina (Forsk. ) Vierh. 
Al lophyl lus  a ldab r i cus  Radlk. 
Casuarina e a u i s e t i f o l i a  L. .- - . - 

Sideroxylon inerme L. s sp .  
c ryptophleb ia  (Baker) Hemsley 

Scaevola s e r i ceavah l  
Calophyl lum inophyl lum L . var  . 

takamaka Fosb. 
~ u e ~ t  t a rda  spec iosa  L .  
E u ~ h o r b i a  ~ v r i f o l i a  Lam. 
F icus  r e f l e x a  Thunb. 
Azima t e t r a c a n t h a  Lam. 
Dichrostachys microcephala Renvoize 
Polysphaeria  mult i f  l o r a  Hiern. 
F i cus  avi-avi  B1.  
Pemphis ac idu l a  Fo r s t .  
Apodytes d imid ia ta  E .  Mey. ex Arn. 
Maytenus s enega l ens i s  (Lam.) Exe l l  
Ervt  hoxvlon acranthum H e m s 1  . 
Clerodendrum glabrum E. Mey. 

va r .  minutif  lorum (Bak.) Fosb. 
F l a c o u r t i a  ramontchi i  L 'H&. 

va r i r envo ize i  Fosb. 
Tarenna t r i c a n t h a  (Bak. ) Brem. 

QUADRANT 
S W NE 

n 

WHOLE ATOLL 



Footing t o  Table 1. 

Spec ies  w i th  i n f e s t a t i o n  of 0.01 ( n )  : Dracaena r e f l e x a  Lam. var .  a n g u s t i f o l i a  Baker ( 4 2 ) ,  Jasminum e legans  
Knobl. ( 36 ) ,  Mystroxylon aethiopicum (Thunb.) Loes (398) ,  T r i c a l y s i a  sonderana Hiern. (68) ,  Tarenna 
s u p r a - a x i l l a r i s  (Hemsl.) Bremek (168). 

Species  wi th  i n f e s t a t i o n  of 0.00 : Acalypha c laoxylo ides  Hutch. (91) Brong.(33) Canthum bibracteatum (Bak.) 
Hiern. ( 9 3 ) ,  Colubrina a s i a t i c a  (L.) Brong.(33), Cordia subcorda ta  Lam. (14) ,  Ochna c i l i a r i s  Lam. (373),  
Tournefor t ia  a rgen tea  L.f .  (15), Terminal ia  b o i v i n i i  Tul. ( 71 ) ,  Tarenna verdcour t iana  Fosb. (40) .  
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