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INTRODUCTION 

The c o r a l  genus Acropora poses formidable  problems f o r  both 
taxonomists and e c o l o g i s t s .  Most s k e l e t a l  f e a t u r e s  u s u a l l y  used i n  
c o r a l  taxonomy a r e  reduced o r  absen t  i n  t h i s  genus. A high degree  
of morphological v e r s a t i l i t y  is a t t a i n e d  by means of a n  a x i a l  branch- 
i ng  p a t t e r n ,  where a c e n t r a l  polyp i n c r e a s e s  i n  l e n g t h  and buds o f f  
r a d i a l  polyps from i ts  s i d e s .  Any r a d i a l  polyp has  t h e  p o t e n t i a l  t o  
become a x i a l  i t s e l f ,  and t o  i n t roduce  a secondary branching s i t u a t i o n .  
The r e l a t i v e  importance of  secondary branches is h igh ly  v a r i a b l e  and 
commonly t h e  growth form p a t t e r n  is dominated by t h e  s i d e  branches 
r a t h e r  than  a main s t e m ,  a s i t u a t i o n  s u p e r f i c i a l l y  s i m i l a r  t o  t h a t  seen  
i n  Angiosperm p l a n t s  (Vermeij , 1974).  

With such a f l e x i b l e  growth scheme, adap t ive  s o l u t i o n s  might b e  
made by t h e  i n d i v i d u a l  colony a s  w e l l  a s  by t h e  s p e c i e s ,  and t h e  t a s k  
of determining even morphological spec i e s  l i m i t s  w i t h i n  t h e  Acropora 
has  n o t  y e t  been accomplished. The s i t u a t i o n  s t i l l  e x i s t i n g  is bas ic -  
a l l y  t h a t  de sc r ibed  f o r  c o r a l s  i n  gene ra l  by Hoffmeister  (1925): 
"Ordinar i ly ,  i f  w e  t h ink  a specimen is f a r  enough removed from a 
recognized and descr ibed  type t o  s u i t e  our own pe r sona l  views, w e  g ive  
i t  another  s p e c i f i c  name. I '  

I n  t h e  Great  Ba r r i e r  Reef Province, t h i s  genus dominates t h e  c o r a l  
cover of t he  r e e f  f r o n t .  I n  r e e f s  of t h e  c e n t r a l  Great  B a r r i e r ,  which 
a r e  wi thout  an  a l g a l  r i m ,  t h e  most l u x u r i a n t  and d i v e r s e  Acropora 
assemblages a r e  u s u a l l y  a long t h e  south-western t o  southern  r ee f  f r o n t .  
These g ive  a n  impression of some s t r u c t u r a l  zonat ion pa t t e rn ing ,  
pos s ib ly  determined i n  terms of colony shapes.  One of t he se  r e e f s  
("Big Broadhurst" Reef, 147O44'E; 18O15'S) ( s ee  F igure  1 )  was chosen 
a s  t h e  s tudy  a r e a .  The r ee f  b u t t r e s s e s  he re  suppor t  an Acropora 
assemblage o f  such abundance t h a t  o t h e r  genera a r e  almost e n t i r e l y  
excluded ( s ee  p l a t e s  1, 2 and 3 ) .  I was i n t e r e s t e d  t o  see how t h e  reef  
b u t t r e s s e s  might be  def ined  i n  t e r m s  of t h e  p a t t e r n s  of Acropora d i s -  
t r i b u t i o n  and abundance, and whether p a r t i c u l a r  c h a r a c t e r i s t i c s  of t h e  
Acropora p r e s e n t  might b e  r e spons ib l e -  f o r  t h e  p a t t e r n s .  
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Figure  I.. Map of  s t udy  a r e a ,  wi th  c r o s s e s  i n d i c a t i n g  p o s i t t o n s  
of f i r s t  and second r ee f  b u t t r e s s e s  s t u d i e d .  



METHODS 

Two ree f  b u t t r e s s e s  about 400 m a p a r t  were s tud ied ,  us ing  the  l i n e  
t r a n s e c t  method adapted from p l a n t  community methods by Loya (1972). 
Line t r a n s e c t s  of 10  m length  and marked i n  meter s e c t i o n s  were run 
p a r a l l e l  t o  t h e  r ee f  f r o n t  on these  b u t t r e s s e s ,  a t  1 m i n t e r v a l s .  The 
t r a n s e c t  s e r i e s  began on t h e  o u t e r  r ee f  f l a t ,  12 m be fo re  t h e  beginning 
of t h e  drop-off,  and proceeded outwards a c r o s s  t h e  f l a t  and down t h e  
r ee f  s l o p e  u n t i l  no more Acropora were encountered ( s e e  Figure 2 ) .  
Values a r e  given i n  parentheses  f o r  those  t r a n s e c t s  i n  which t h e  
t r a n s e c t  number was a l t e r e d  f o r  computer ana lyses .  Transec ts  devoid 
of c o r a l s  were no t  used i n  t h e  ana lyses .  

The 10 m t r a n s e c t  l eng th  was n e c e s s i t a t e d  by t h e  shape of t h e  
b u t t r e s s e s ,  which have, a s  w e l l  a s  a f r o n t a l  f ace ,  a less-defined f a c e  
dropping t o  t h e  f l o o r  of t he  su rge  channel a t  about  10  m from t h e  reef  
top. A 10  m t r a n s e c t  length  was t h e  maximum a t  which a uniform depth 
would be  maintained f o r  t h e  whole sample i n  some s e c t i o n s  of t h e  s lope .  

Each t r a n s e c t  was worked i n  t h e  fol lowing way: each Acropora 
colony under t h e  l i n e  was i d e n t i f i e d  wi th  a f i e l d  name, measured, and 
a p i ece  of t h e  colony c o l l e c t e d .  The f i e l d  i d e n t i f i c a t i o n  w a s  u se fu l  
a s  a cross-check i n  l a t e r  l abo ra to ry  i d e n t i f i c a t i o n .  

I n  t h e  l abo ra to ry  t h e  cleaned s k e l e t a l  specimens were examined f o r  
morphological c o n t i n u i t i e s ,  and i d e n t i f i e d  from t h e  l i t e r a t u r e  w i th  t h e  
a i d  of accumulated comparative m a t e r i a l  and type m a t e r i a l  on loan .  

A t o t a l  of 41 "species"  could be d i f f e r e n t i a t e d  on the  b a s i s  of 
morphological c o n t i n u i t y  and s i m i l a r i t y  i n  some l i v e  c h a r a c t e r i s t i c s .  
Each of t hese  was given a code number, appended i f  poss ib l e  wi th  a n  
i d e n t i f i c a t i o n .  It was h ighly  probable on my evidence t h a t  t h e  co lon ie s  
i n  each of t hese  groups were members of a s i n g l e  populat ion.  A second 
s o r t i n g  lumped toge ther  t hose  "species" which, d e s p i t e  c e r t a i n  d i s -  
c o n t i n u i t i e s ,  I consider  may prove t o  be  s i n g l e  spec i e s .  This group, 
1 t t h e  lumped spec i e s , "  had 27 members. 

The m a t e r i a l  was then  r e c l a s s i f i e d  i n  terms of t h e  shape of t h e  
colony, expressed a s  11 shape ca t egor i e s ,  then i n  terms of t h e  s t r u c t u r e  
of t h e  r a d i a l  c o r a l l i t e s ,  expressed i n  n i n e  ca t egor i e s .  

Coding 

Each t r a n s e c t  could now b e  descr ibed  i n  terms of t h e  members 
p re sen t  and t h e i r  abundance ( i n  terms of e x t e n t  under t h e  l i n e ) .  This  
in format ion  could be s o r t e d  by hand o r  by computer. 

So r t ing  

A set of c l a s s i f i c a t o r y  and o r d i n a t i o n  programs was run  on t h e  
t r a n s e c t s .  The d i v e r s i t y  measure was a n  informat ion  s t a t i s t i c  which 
used t h e  abundance da t a .  The c l a s s i f i c a t o r y  program, now i n  gene ra l  



Figu re  2.  P r o f i l e s  of  t h e  two b u t t r e s s e s  s t u d i e d .  Numbers r e p r e s e n t  t r a n s e c t  p o s i t i o n s .  Bracketed 
numbers a r e  g iven  where t h e  t r a n s e c t  number was a l t e r e d  f o r  t h e  programs. 



use i n  A u s t r a l i a ,  i s  r e f e r r e d  t o  a s  CENTPERC 2 ( see  Dale, Lance, and 
Albrecht ,  1971).  The o rd ina t ion  program, code-named GOWER, s o r t s  t h e  
information content  of each t r a n s e c t  i n t o  seven coord ina tes  and p l o t s  
t he  f i r s t  t h r e e  of t hese  (Gower, 1966). Both programs were analysed 
by f u r t h e r  programs ("GROUPER" and "GOWERCORE"), which a s s e s s  t h e  
con t r ibu t ion  of t he  va r ious  cha rac t e r s  t o  t he  r e s u l t .  These programs 
were chosen and run  by Mike Dale, of  CSIRO Divis ion  of Tropica l  
Agronomy, Brisbane. I n  a d d i t i o n  t o  t h e s e  normal ( i . e . ,  R-type) ana lyses ,  
an i n v e r s e  ( i . e . ,  Q-type) package of t h e  same programs was run f o r  t h e  
f i r s t  series "unlurnped spec ies . "  The program devised by Williams and 
Lambert (1961) was used ( see  a l s o  Sneath and Sokal,  1973, p.  436). 

RESULTS 

The Ordinat ion Programs 

Ordinat ion methods probably al low a l e s s  a r t i f i c i a l  r e s u l t  than  
c l a s s i f i c a t i o n s ,  which assume groupings of some s o r t  must be  obta ined  
(Greig-Smith, 1964, p. 158) .  The o rd ina t ions  f o r  a l l  c a t e g o r i e s  i n  
t h i s  s tudy  gave a  similar p a t t e r n :  when consecut ive  transect-numbers 
were jo ined  an o v e r a l l  horseshoe-shaped curve r e s u l t e d  ( see  Figure& 
3 & 4) .  This r e s u l t  is  c l a s s i c a l l y  obta ined  wi th  o r d i n a t i o n  of s e r i a l l y -  
arranged samples (e .g . ,  f o r  temporal series i n  archaeology, Kendall ,  
1971). The curve i n d i c a t e s  t h e  non-linear na tu re  of t h e  d a t a .  A s t rong  
d i s j u n c t i o n  can be seen i n  t he  p a t t e r n  i n  t h e  f i r s t  a x i s .  A l l  of t h e  
r ee f  f l a t  va lues  a r e  h igh ly  negat ive ,  r ee f  c r e s t  va lues  ( i . e . ,  t r a n s e c t s  
t o  e i t h e r  s i d e  of t r a n s e c t  12) tend t o  be  low negat ive ,  and r ee f  s lope  
va lues  a r e  p o s i t i v e .  I n  t h e  second a x i s  a  s l i g h t  d i s j u n c t i o n  is re-  
l a t e d  t o  abundance. 

The C l a s s i f i c a t o r y  Programs 

Resu l t s  of t h e s e  are expressed a s  a  series of dendrograms i n  Figure 
5. The expec ta t ion  from t h e s e  programs i s  t h a t  any zonat ion p a t t e r n s  
w i l l  be  shown up by t h e  s t r e n g t h  of grouping amongst neighboring 
t r a n s e c t s .  I n  add i t i on ,  grouping amongst ad j acen t  t ransect-groups w i l l  
g ive  an i n d i c a t i o n  of a  s e q u e n t i a l  p a t t e r n  i n  t h e  zonat ion.  

Both phenomena occur .  The contents  of t h e  groups a r e  of primary 
i n t e r e s t ,  and t h e  arms of t h e  dendrograms a r e ,  of course,  free-swinging 
around t h e  p o i n t s  of fu s ion .  I n  t h e  f i g u r e s  t h e s e  a r e  allowed t o  f a l l  
a s  f a r  as p o s s i b l e  i n t o  p o s i t i o n s  which w i l l  b e s t  i n d i c a t e  any sequen- 
t i a l  p a t t e r n  i n  t h e  r e s u l t s :  

a .  It w i l l  b e  seen  i n  a l l  cases  t h a t  a  s t r o n g  reef  f l a t  grouping 
( t r a n s e c t s  1 t o  9 o r  10) occurs .  

b. Transec ts  on e i t h e r  s i d e  of t h e  r ee f  c r e s t  l i n e  ( t r a n s e c t  12) 
a r e  cap r i c ious ,  bu t  tend t o  a s s o c i a t e  more with r ee f  f l a t  
t r a n s e c t s  than  wi th  those  below. These t r a n s e c t s  have a t t r i -  
bu t e s  from both t h e  r e e f  f l a t  and r e e f  s lope ,  and no c o r a l s  
exc lus ive ly  occur here .  



UNLUMPED SPECIE 

LUMPED SPECIES 

Figure  3 .  Ord ina t i on  a long  f i r s t  two axes  f o r  unlumped and lumped 
s p e c i e s  c a t e g o r i e s :  l e f t  s i d e  s e r i e s  1, r i g h t  s i d e  
series 2. C i r c l e d  numbers r e p r e s e n t  t r a n s e c t s  ( s i t e s ) .  
Consecut ive  s i te  numbers a r e  j o ined  by a s t r a i g h t  l i n e .  
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Figure  4. Ordina t ion  along f i r s t  two axes f o r  colony shapes and 
r a d i a l  c o r a l l i t e  shapes ca t egor i e s :  l e f t  s i d e  s e r i e s  
1; r i g h t  s i d e  s e r i e s  2. C i r c l ed  numbers r ep re sen t  
t r a n s e c t s  ( s i t e s ) .  Consecutive s i t e  numbers a r e  joined 
by a s t r a i g h t  l i n e .  



c. I n  some cases ,  p a r t i c u l a r l y  t h e  f i r s t  two programs f o r  t ran-  
s e c t  s e r i e s  2, t r a n s e c t s  a t  t he  bottom of t h e  s e r i e s  (near  
t r a n s e c t  35) group wi th  those  i n  t he  c r e s t  zone. This pheno- 
menon can be a t t r i b u t e d  t o  low information content ,  t h e  almost- 
empty t r a n s e c t s  being accepted i n t o  t h e  dendrogram where they 
w i l l  l e a s t  upse t  t he  grouping procedure. 

d. I n  t h e  f i r s t  s e r i e s ,  t h e  groupings wi th in  t h e  reef  s lope  zone 
always inc lude  one very  l a r g e  group. 

The Inverse  Program 

"Inverse ana lys is"  i s  a term coined by Williams and Lambert (1961) 
t o  desc r ibe  t h e  c l a s s i f i c a t i o n  of spec i e s  i n t o  groups by manipulation 
of quadrat  da t a .  Resul t s  of t h e  inve r se  c l a s s i f i c a t i o n  and o rd ina t ion  
a r e  given i n  Figure 6. These r e s u l t s  r e f l e c t  t he  p a t t e r n s  of t he  normal 
ana lyses  a s  w e l l  a s  ca t egor i z ing  the  spec ies .  I n  t h e  c l a s s i f i c a t i o n ,  i t  
w i l l  be  seen t h a t :  

a .  Two subgroupings occur ,  one being compact and conta in ing  
a l l  reef  s lope  spec ies .  

b. The almost ub iqui tous  spec i e s  5,  35 and 4 form unique groups, 
which then c l u s t e r  l oose ly  wi th  common ree f  f l a t - c r e s t  spec i e s  
6, 8 ,  10 ,  11, 40, 41. 

c .  Most of t h e  reef  s l o p e  spec i e s  c l u s t e r  very c l o s e l y  i n t o  a 
s i n g l e  group, which a l s o  inc ludes  t h e  r ee f  f l a t  spec i e s  9,  12, 
29 (which occur only once) .  In  f a c t  a l l  "rare"  spec i e s  have 
been a t t r a c t e d  i n t o  t h i s  very l a r g e  group. Being low i n  
abundance, they behave i n  t h e  inve r se  program i n  a n  analogous 
manner t o  t r a n s e c t s  low i n  d i v e r s i t y  i n  the  normal a n a l y s i s  
(Williams and Lambert, 1961).  

I n  t h e  o r d i n a t i o n  program, a horseshoe-shaped curve occurs ,  in- 
corpora t ing  a l l  except spec i e s  high i n  abundance through most of t h e  
samples ( spec i e s  5, 35, 4 ) .  Reef f l a t - c r e s t  spec i e s  occur a s  nega t ive  
on t h e  f i r s t  a x i s ,  and the  bulk  of t he  reef  s l o p e  spec i e s  c l u s t e r  to- 
ge ther  near t h e  cen te r  of t he  a x i s .  The s i n g l i n g  ou t  of t h e  ubiqui tous 
spec i e s  i s  t o  be expected i n  a program s e n s i t i v e  t o  abundance. 

Hand Sor t ing  of Ma te r i a l  - - 

The r e s u l t s  can a l s o  be por t rayed  i n  t he  form of a simple hand- 
s o r t e d  matr ix.  F igures  7 and 8 d i sp l ay  t h i s  technique f o r  t he  "unlumped 
species"  category.  I n  t hese  t h e  d i s j u n c t i o n  can be seen between 
t r a n s e c t s  on t h e  r ee f  f l a t  (above do t t ed  l i n e )  and reef  s l o p e  (below). 
Some spec i e s  a r e  almost ub iqui tous ,  b u t  most a r e  r e s t r i c t e d  e i t h e r  above 
o r  below t h e  c r e s t  l i n e ,  wi th  some extens ion  (mainly from above 
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Figure  5 .  Resu l t s  of  t h e  c l a s s i f i c a t o r y  programs expressed a s  
dendrograms. Numbers a t  s i d e s  of dendrograms r ep re sen t  
sites ( t r a n s e c t s ) .  Sca l e s  i n d i c a t e  in format ion  l e v e l s .  
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Figure  6 .  Resu l t s  of i nve r se  ana lyses  of "unlumped species":  
dendrogram and o rd ina t ion .  Numbers r ep re sen t  i n d i v i d u a l  
spec i e s .  I n  ' the  o rd ina t ion ,  c l o s e l y  aggregated p o i n t s  
i n  t h e  c e n t r e  of  t h e  axes  a r e  l e f t  unnumbered. Sca le  i n  
dendrogram i n d i c a t e s  information l e v e l s .  
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Figure  7. Hand-sorting of d i s t r i b u t i o n  and abundance of "unlumped 
spec ies"  category f o r  t he  gradual-s lope b u t t r e s s .  
( t r a n s e c t  s e r i e s  1 ) .  Dotted l i n e  marks p o s i t i o n  of 
r ee f - c re s t  t r a n s e c t  
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Figure 8. Hand-sorting of d i s t r i b u t i o n  and abundance of "unlumped 
spec ies"  category f o r  t h e  s teep-slope b u t t r e s s  
( t r a n s e c t  s e r i e s  2 ) .  Dotted l i n e  marks p o s i t i o n  of 
r e e f - c r e s t  t r a n s e c t .  



downwards) i n t o  an  a r e a  around t h e  l i n e .  This r ee f  c r e s t  a r e a  has no 
unique spec i e s ;  t h i s  a r e a  might be regarded as a zone of over lap ,  a 
t r a n s i t i o n  zone, o r  an  eco log ica l  zone i n  i t s  own r i g h t .  

I n  t h e  r ee f  s l o p e  zone t h e  hand-sorting appears  t o  show two d i f -  
f e r e n t  pa t t e rns :  i n  t h e  f i r s t  s e r i e s  (gradual  r ee f  s lope )  a sequen t i a l  
i n c r e a s e  i n  t h e  number of spec i e s  p r e s e n t ,  w i th  l i t t l e  dropping-out of 
spec i e s ;  i n  t h e  second s e r i e s  ( s t eep  r ee f  s l o p e ) ,  a gradual  change i n  
assemblage wi th  almost cons tan t  species-numbers. I n  both  s e r i e s ,  
t r a n s e c t s  from about  20 m and below a r e  almost o r  completely devoid of 
c o r a l s .  A similar p a t t e r n  w a s  s een  i n  hand-sortings f o r  a l l  t h e  
ca t egor i e s .  The p a t t e r n  was weakest i n  t h e  " r a d i a l  c o r a l l i t e  shape" 
d a t a ;  only two shapes a r e  unique t o  t h e  r ee f  s lope ,  and none a r e  unique 
t o  t he  f l a t .  

DISCUSSION 

Even when t h e  terms of r e f e rence  inc lude  only a s i n g l e  c o r a l  genus, 
t h e  o u t e r  reef  poses a complex p a t t e r n  of s i t u a t i o n s .  It may be heuris-  
t i c a l l y  u s e f u l  t o  d e f i n e  some of t hese  s i t u a t i o n s  wi th  a "jigsaw-solving" 
approach a s  u n i t s  f o r  s e p a r a t e  examination, i n  o rde r  t o  remove some of 
t h e  non- l inear i ty  from t h e  p a t t e r n .  The u n i t s  and t h e  methods used t o  
s tudy  them do no t  need t o  be d i r e c t l y  comparable i n  o rde r  t o  c o n t r i b u t e  
t o  a n  understanding of t h e  o v e r a l l  p a t t e r n .  From t h i s  s tudy ,  fou r  
u n i t s  emerge: t h r e e  de f inab le  a s  r ee f  l o c a l i t i e s  (from t h e  r e s u l t s  of 
normal a n a l y s i s ) ,  and one a s  a c o r a l  group (from t h e  inve r se  a n a l y s i s ) .  
They a r e :  

1. The o u t e r  r ee f  f l a t ;  i t  more o r  l e s s  co inc ides  w i th  t h e  low 
t i d e  mark and i ts  phys i ca l  environment inc ludes  v a r i a b l e s  dependent on 
t h e  t i d a l  cyc l e  a s  w e l l  a s  g rad ien t s  r e l a t e d  t o  h o r i z o n t a l  d i s t a n c e  
from t h e  r ee f  c r e s t .  This a r e a  suppor ts  a number of Acropora s p e c i e s  
which do not  invade the  reef  s lope ,  and co lonies  he re  a r e  e i t h e r  corym- 
bose o r  f lex ib le - inde termina te  forms. The l a t t e r  can adapt  t o  limits 
imposed by t h e  t i d a l  l e v e l  by a low growth p r o f i l e ,  which i n  some cases  
e f f e c t i v e l y  mimics a corymbose growth form. I n  t h i s  study only t h e  
o u t e r  12 m of r ee f  f l a t  was inc luded ,  and i n d i c a t i o n s  a r e  t h a t  t h i s  
inc luded  a rea  i s  t h e  " t a i l  end" of a s e r i a l  r ee f  f l a t  assemblage. 

2. The reef  s lope ;  phys i ca l  g r a d i e n t s  a r e  r e l a t e d  t o  depth,  and 
f a c t o r s  c o r r e l a t i n g  wi th  shape c h a r a c t e r i s t i c s  of t h e  s l o p e  may be  
expected t o  be  i n f l u e n t i a l .  Again, t h e r e  i s  a c h a r a c t e r i s t i c  Acropora 
assemblage undergoing a s e r i a l  change i n  spec i e s  and colony shape 
c h a r a c t e r i s t i c s  from upper t o  lower assemblage; i n  t h i s  ca se  t h e  s tudy  
inc luded  t h e  whole of t h e  u n i t .  Upper and lower s e c t i o n s  have lower 
d i v e r s i t y  than  a middle s e c t i o n  by a l l  c r i t e r i a  used, and colony-shape 
c h a r a c t e r i s t i c s  a r e  probably of g r e a t  importance. I n  t h e  deeper water  
t r a n s e c t s ,  abundance i s  very low, and a l l  spec i e s  p re sen t  grow 



hor i zon ta l ly :  spec i e s  p re sen t  i nc lude  h o r i z o n t a l l y  growing s p e c i e s  
which a l s o  occur  i n  shaded shallow-water s i t u a t i o n s  (Wallace, un- 
publ ished)  a s  we l l  a s  f l a t t e n e d  modi f ica t ions  of o t h e r  reef  s l o p e  
shapes ( f o r  f i v e  spec i e s  i n  t h i s  s tudy) .  

The shallow-water reef  s lope  a r e a  i n  t h i s  s tudy  was dominated by 
a small  number of spec i e s  (probably s i x ) ,  of two very  d i f f e r e n t  colony 
shapes: l a r g e  h o r i z o n t a l  p l a t e s  and indeterminant  a rborescent  bushes. 
These two shapes seem t o  p a r t i t i o n  t h e  a v a i l a b l e  space e f f e c t i v e l y ,  and 
abundance i s  very  high. 

Between t h e s e  extremes of t he  s lope  assemblages occurs  a high- 
d i v e r s i t y  assemblage; each spec i e s  i s  a b l e  t o  a t t a i n  i ts most d i s t i n c -  
t i v e  form, and most of t he  range of v a r i a b i l i t y  w i th in  the  genus f o r  
colony-shape and r a d i a l  c o r a l l i t e  shape i s  expressed. It seems l i k e l y  
t o  me t h a t  comparative s tudy  of t h i s  reg ion  f o r  a v a r i e t y  of reef -s lope  
regions may y i e l d  information on f a c t o r s  important  t o  maintenance of 
d i v e r s i t y .  

This p a r t  of t h e  r ee f  s lope  may no t  be  phys i ca l ly  any l e s s  un- 
p r e d i c t a b l e  than  o t h e r  o u t e r  reef  a r e a s ,  when t h e  e f f e c t s  of major 
c a t a s t r o p h i c  events  such a s  cyclones a r e  considered: "Groove-spur 
systems..removed from ree f  f r o n t s "  (S toddar t ,  1974); "An ex tens ive  
f o r e s t  of s taghorn  Acropora ... f l a t t e n e d . . . a t  a depth of 20 M" (Pearson, 
1975). However, t hese  in te rmedia te  depths a r e  below t h e  reg ion  of 
t i d a l  i n f luence ,  y e t  above t h e  reg ion  where l i g h t  i s  a l i m i t i n g  f a c t o r  
t o  c o r a l  abundance (Loya, 1972) and wi th in  t h e  upper a r e a  of a gradual  
temperature and oxygen concent ra t ion  g rad ien t  (Wells, 1957).  A g e n t l e  
s lope  i n  t h i s  r eg ion  would p re sen t  minimal grada t ion  of phys i ca l  
f a c t o r s  and al low easy se t t l emen t  of l a r v a e ,  a s  w e l l  a s  access  t o  a 
l a r g e  body of nu t r ien t -conta in ing  water ;  t h i s  reg ion  may w e l l  be  t h e  
most benign reg ion  on the  r e e f .  

This middle reg ion  i n  t h e  r ee f  b u t t r e s s e s  surveyed was g e n t l e  i n  
t h e  f i r s t  case  and s t e e p  i n  t he  second. On t h e  f i r s t  b u t t r e s s  a high 
d i v e r s i t y  is developed and maintained through t h e  5-10 m range,  wi th  
e x t r a  spec i e s  being added i n t o  the  components, b u t  no spec i e s  dropping 
ou t ,  s o  t h a t  i n  8-10 m water  depth most s p e c i e s  except  t h e  exc lus ive ly  
"reef f l a t "  s p e c i e s  co-occur. A l l  colony shapes except t h e  s p e c i a l i z e d  
"reef f l a t "  shapes occur,  a s  w e l l  a s  a l l  types of r a d i a l  c o r a l l i t e .  On 
t h e  second b u t t r e s s ,  no such build-up is  seen:  a lower d i v e r s i t y  is 
maintained throughout the s e r i e s ,  and t h e  t r a n s e c t s  go through a 
gradual  change i n  species-composition from shal low t o  deeper  water .  

I have discussed t h i s  elsewhere (Wallace, 1975) and I hope t o  be 
a b l e  t o  examine o t h e r  reef  s l o p e  shapes, pursuing t h e  hypothes is  t h a t  
i n  t h e  second b u t t r e s s  t h e  s p e c i e s  may b e  more c l o s e l y  i n d i c a t i n g  t h e  
phys ica l  condi t ions  t o  which they a r e  adapted. I n  t h e  f i r s t  set, t h e  
benign s lope  may al low se t t l emen t  of a l l  r ee f  s l o p e  spec i e s ,  providing 
a t  l e a s t  i n i t i a l l y  a high d i v e r s i t y  which must be equated wi th  a high 
p o t e n t i a l  f o r  v a r i e t y  of b i o l o g i c a l  i n t e r a c t i o n .  



3 .  The t h i r d  u n i t  of i n t e r e s t  i s  t h e  a r e a  around t h e  r ee f  c r e s t ,  
from one o r  two meters be fo re  t h e  beginning of t h e  drop-off t o  t h r e e  
o r  fou r  meters  below. Phys ica l ly ,  t h i s  i s  a n  i n t e r s e c t i o n  between t h e  
previous two very  d i f f e r e n t  u n i t s .  B io log ica l ly  i t  may b e  defined a s  
a t r a n s i t i o n  zone, w i th  elements from t h e  assemblages t o  e i t h e r  s i d e .  
A l t e r n a t i v e l y  i t  can be  seen a s  a region of phys i ca l  s t r e s s e s ,  t h e  
f i r s t  p a r t  of t h e  reef  t o  r ece ive  ocean-borne in f luences  and s u b j e c t  
t o  cons t an t  short-term d i s r u p t i v e  f e a t u r e s .  

4. A f i n a l  "unit" emerging from t h i s  s tudy ,  from t h e  inve r t ed  
programs, is t h a t  of t h e  almost-ubiquitous s p e c i e s  and colony shapes. 
These c u t  a c r o s s  t h e  zonal  d e s c r i p t i o n s ,  a l though some charac te r -  
i s t i c s  such a s  colony s i z e  and s i t e  abundance may change through t h e  
s e r i e s .  I n t e r e s t i n g l y  they do no t  occur  i n  t h e  low abundance deep- 
water  t r a n s e c t s .  The success  of t h e s e  s p e c i e s r e l a t i v e  t o  t h a t  of t h e  
remaining co lonies  is of i n t e r e s t  t o  a n  understanding of bo th  t h e  genus 
and t h e  eco log ica l  problems posed by r e e f s .  The s p e c i e s  belong t o  two 
shape ca t egor i e s :  wide h o r i z o n t a l  p l a t e s  and a rbo rescen t  bushes.  The 
f i r s t  shape i s  documented a s  t h e  b e s t  l i gh t - ca t ch ing  shape f o r  c o r a l s  
(Goreau, 1963),  b u t  t h e s e  spec i e s  do n o t  occur  on t h e  p a r t  of t h e  s lope  
where a l l  spec i e s  f l a t t e n  ou t .  The t h r e e  very  abundant spec i e s  pose 
t h e s e  and o t h e r  t a n t a l i z i n g  ques t ions  and because of t h e i r  abundance 
would b e  i d e a l l y  s u i t e d  t o  popula t ion  sampling. 

Each of t h e  above u n i t s  l ends  i t s e l f  t o  a d i f f e r e n t  s t y l e  of 
hypothes is  t e s t i n g ,  and t h e s e  should b e  explored be fo re  a syn thes i s  
i s  attempted. 
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P l a t e  1. Outer  r e e f  f l a t  on f i r s t  r e e f  b u t t r e s s .  Dark pa t ch  on 
l e f t  hand s i d e  is  a surge-channel opening. Acropora 
humi l i s ,  A. d i g i t i f e r a  and A .  v a l i d a  (corymbose forms);  
A.  d e c i p i e n s  (low s t u r d y  a r b o r e s c e n t )  ; A .  corymbosa - - 
( h o r i z o n t a l  p l a t e ) .  



P l a t e  2 .  Upper r ee f  s l o p e  on f i r s t  ree f  b u t t r e s s  t o  about 7 m. 
Large h o r i z o n t a l  p l a t e s  of Acropora corymbosa, A .  
hyac in thus  and A. c l a t h r a t a ;  a rbo re scen t  bushes-of 
A .  formosa, A. i n t e r m e d i a  and an unnamed s p e c i e s ;  - 
"bot t l ebrush-arborescen t"  - A .  grav ida ,  and a new 

- 

"arborescen t  b racke t"  s p e c i e s  ( i n  mid foreground)  . 



P l a t e  3 .  Ciose-up of h igh  d i v e r s i t y  assemblage on f i r s t  r ee f  
b u t t r e s s  a t  about 10 m. Inc ludes  a l l  s p e c i e s  i n  p l a t e  
2 except  Acropora in te rmedia ,  p lu s  - A. p a t u l a  and two 
o t h e r  spec i e s .  




