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INTRODUCTION 

The extens ive  and seemingly continuous range of morphological 
v a r i a t i o n  found wi th in  some groups of c o r a l s  has  c rea t ed  r e c u r r e n t  
problems whose h i s t o r y  was summarized by Yonge (1963). The o r i g i n a l  
p r a c t i c e  of descr ib ing  each morphological form a s  a s e p a r a t e  spec ie s  
was replaced towards t h e  end of t h e  n ine teen th  century by b e l i e f  i n  t h e  
ex i s t ence  of a r e l a t i v e l y  few spec ie s  i n  which a v a r i e t y  of growth forms 
were induced by d i f f e r e n t  environmental condi t ions  (e .g. ,  Wood-Jones, 
1907).  This  l a t t e r  view was c r i t i c i z e d  i n  i t s  t u r n  by those who found a 
purely environmental explanat ion  inadequate and suggested t h a t  gene t i c  
components were a l s o  involved (e .g. ,  Crossland, 1931; Stephenson and 
Stephenson, 1933; Boschma, 1948). Current opinions were expressed by 
Yonge (1968) when he s a i d  "The f i n a l  form of any c o r a l  is c l e a r l y  the  
consequence both of gene t i c  c o n s t i t u t i o n  and of environment," a conclu- 
s i o n  which is  s t i l l  based l a r g e l y  on f i e l d  observa t ions .  Although a need 
f o r  experimental  approaches has been recognized f o r  a long time (e .g. ,  
Crossland, 1931), and al though t r ansp lan t ing  experiments were being 
conducted over  60 yea r s  ago by Vaughan (1910), no comprehensive experi- 
mental s tudy of v a r i a t i o n  wi th in  any c o r a l  group has been published.  

This  paper p re sen t s  t he  f i r s t  da t a  from a continuing s e r i e s  of 
experiments examining v a r i a t i o n  wi th in  a subgroup (Isopora)  of t h e  genus 
Acropora. The major ob jec t ives  of t h i s  s tudy a r e :  

a .  To desc r ibe  p a t t e r n s  of v a r i a t i o n  i n  morphological and 
phys io logica l  cha rac te r s ,  and a l s o  of v a r i a t i o n  among 
i n t r a -  and i n t e r - s p e c i f i c  i n t e r a c t i o n s ;  

b. t o  a s s e s s  t h e  r e l a t i v e  va lues  of environmental and gene t i c  
con t r ibu t ions  t o  t h e s e  phenotypic cha rac te r s ;  

c .  t o  r e l a t e  p a t t e r n s  of v a r i a t i o n  t o  t h e  environments 
normally occupied by t h e  animals,  and t o  i d e n t i f y  
important s e l e c t i v e  f a c t o r s  i n  each h a b i t a t ;  

d. t o  examine t h e  demographic consequences of phenotypic 
v a r i a t i o n ,  and t o  compare t h e  eco log ica l  and g e n e t i c a l  
s t r u c t u r e s  of populat ions i n  d i f f e r e n t  h a b i t a t s ;  
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e .  t o  eva lua t e  t h e  evolu t ionary  r e l a t i o n s h i p s  w i th in  
t h e  group. 

I am s tudying  c o r a l s  from f i v e  h a b i t a t s  near  Heron Is land  a t  t h e  
southern end of t h e  Great B a r r i e r  Reef. I chose Isoporan c o r a l s  w i th in  
t h e  genus Acropora f o r  t h i s  s tudy  because they a r e  morphologically 
v a r i a b l e  wi th  massive, encrus t ing ,  branching and p l a t e l i k e  forms; be- 
cause these  c o r a l s  a r e  widely d i s t r i b u t e d  across  t h e  Heron Is land  r e e f ,  
occur r ing  i n  a l l  h a b i t a t s  from c l o s e  inshore  t o  t h e  bottom of t h e  s lope ;  
and because Isoporan c o r a l s  a r e  u sua l ly  r e l a t i v e l y  abundant, i n  some 
h a b i t a t s  being t h e  dominant c o r a l s .  Isoporan c o r a l s  a r e  e a s i l y  recog- 
n ized  because they l a c k  t h e  s i n g l e ,  enlarged a p i c a l  c o r a l l i t e s  so  
c h a r a c t e r i s t i c  of o t h e r  Acropora. In s t ead ,  t h e i r  a p i c a l  c o r a l l i t e s  
u sua l ly  occur i n  c l u s t e r s  and tend t o  be r a t h e r  s i m i l a r  i n  s i z e  and 
form t o  t h e  o t h e r  c o r a l l i t e s  (Brook, 1893).  I n  t h i s  paper I only con- 
s i d e r  c e r t a i n  a spec t s  of growth, surviva1,and i n t r a s p e c i f i c  i n t e r a c t i o n s  
dur ing  t h e  f i r s t  summer of t he  s tudy .  The experiments descr ibed  i n  
t h i s  paper a r e  cont inuing.  

MATERIALS AND METHODS 

S i t e s  

The l o c a t i o n s  of experimental s i t e s  and t h e  names used t o  i d e n t i f y  
them a r e  shown i n  F igure  1. I chose these  p a r t i c u l a r  s i t e s  because: 

a .  They appeared t o  be very d i f f e r e n t  from each o t h e r ,  bo th  
phys i ca l ly  and b i o l o g i c a l l y ;  

b. each s i t e  seemed t o  be r e p r e s e n t a t i v e  of a  d i f f e r e n t ,  
wide ly-d is t r ibu ted  h a b i t a t  type;  

c. t h e  Isoporan c o r a l  fauna seemed t o  be  dominated by a  
d i f f e r e n t  morphological form a t  each s i t e .  

Except f o r  t h e  lagoon, t h e  h a b i t a t s  extend more o r  l e s s  concen- 
t r i c a l l y  around t h e  i s l a n d  so t h a t  any t r a n s e c t  running over t h e  r ee f  
from t h e  i s l a n d  w i l l  cu t  ac ros s  a t  l e a s t  four  h a b i t a t s .  I n  f a c t ,  many 
t r a n s e c t s  wi th  an e a s t e r l y  component i n  t h e i r  d i r e c t i o n s  would a l s o  
inc lude  t h e  lagoon. I n t e r p r e t a t i o n  of t he  da t a  is s i m p l i f i e d  when t h e  
s i t e s  a r e  assumed t o  be pos i t ioned  i n  a  l i n e a r  fash ion  along a  t r a n s e c t  
such a s  t h a t  shown i n  Figure 2 ,  an arrangement which is followed f o r  
t h e  r e s t  of t h i s  paper.  

The experimental  s i t e s  a r e  descr ibed b r i e f l y  i n  Table 1, which 
summarizes t h e  apparent  d i f f e r e n c e s  i n  phys ica l  and b i o l o g i c a l  proper- 
t i e s  which were considered when s e l e c t i n g  t h e  s i t e s .  Quan t i t a t i ve  da t a  
on these  and o t h e r  environmental components a r e  being gathered i n  a  
cont inuing survey and monitoring program. On t h e  c r e s t ,  c o r a l s  grow a s  
a  t h i n  enc rus t ing  shee t  over a  hard l imestone pavement, b u t  a t  t h e  o t h e r  



Pizure  1. Map of western p a r t  of Heron I s l a n d  r ee f  showing l o c a t i o n s  (X)  
of experimental s i t e s  and approximate d i s t r i b u t i o n s  of major 
h a b i t a t s .  



HERON \ 1 1::; 1 LAGOON 1 YYlJ 1 CREST 1 SLOPE 
ISLAND 

COMMON 

0 RARE 

TYPICAL 
SITE COLONY 

INNER MANY THIN 
BRANCHES 

LAGOON LONG THICK 
BRANCHES 

OUTER SHORT THICK 
BRANCHES 

CREST VERTICAL 
PLATES 

SLOPE MASSIVE OR 
A FEW HEAVY 
BRANCHES 

F i g u r e  2 .  S t y l i z e d  p r o f i l e  showing exper imenta l  s i tes a r ranged  a l o n g  
an  h y p o t h e t i c a l  l i n e a r  t r a n s e c t  (not  t o  s c a l e ) .  Table  
summarizes d i s t r i b u t i o n s  o f  c h i e f  morphological  forms of 
I soporan  c o r a l s .  



Table 1. General phys ica l  and b i o l o g i c a l  c h a r a c t e r i s t i c s  of t he  
experimental s i t e s .  

Experimental S i t e  
Inner Outer 
F l a t  Lagoon F l a t  Cres t  Slope 

Approx. d i s t ance  
from base of 
beach rock (m) 

Approx. depth 
a t  LWS (m) 

Wave a c t i o n  

Major water  mass 

S i l t i n g  

Light  i n t e n s i t y  

Daily phys ica l  
f l u c t u a t i o n s  

Coral cover 

Coral d i v e r s i t y  

25 

0.25 

s l i g h t  

lagoonal 

heavy 

high 

h igh  

low 

low 

Macroscopic a l g a l  
s tanding  crop heavy 

Calcareous a l g a l  
s tanding  crop s l i g h t  

Borer inf  e s t a -  
t i o n  of c o r a l s  s l i g h t  

2,000 

1 . 0  

s l i g h t  

lagoonal  

heavy 

high 

low 

low 

medium 

s l i g h t  

s l i g h t  

s l i g h t  

600 

0.5 

medium 

oceanic 

s l i g h t  

high 

medium 

medium 

high 

medium 

medium 

heavy 

500 

0 .0  

heavy 

oceanic  

none 

high 

high 

high 

high 

none 

heavy 

medium 

550 

13.0 

none 

oceanic 

heavy 

low 

low 

high 

high 

none 

s l i g h t  

heavy 



fou r  s i t e s ,  masses of l i v e  and dead c o r a l  p r o j e c t  above a sandy bottom. 
A t  a l l  s i t e s  except  t h e  s lope ,  t h e  tops  of some c o r a l s  may be  exposed 
a t  low t i d e ,  and the  depths given i n  Table 1 f o r  t h e  inne r  f l a t ,  lagoon, 
and o u t e r  f l a t  i n d i c a t e  t h e  amount of water  covering t h e  sand, no t  t h e  
c o r a l .  

Corals  

During t h e  pre l iminary  surveys I came t o  recognize f i v e  f a i r l y  
d i s t i n c t  morphological c l a s s e s  of Isoporan c o r a l s ,  a l though many 
in te rmedia te  forms a l s o  e x i s t .  The lower p a r t  of F igure  2 i s  a t a b l e  
which summarizes t h e  d i s t r i b u t i o n  of t hese  forms a t  t h e  experimental 
s i t e s .  Each form is  most abundant a t  one p a r t i c u l a r  s i t e  (shown by t h e  
diagonal  of t h e  t a b l e ) , a n d  I have regarded each form as c h a r a c t e r i s t i c  
of t he  s i t e  where i t  i s  most abundant; I amusing t h e  name of t h a t  s i t e  
t o  i d e n t i f y  t h e  form of  c o r a l .  Most forms a l s o  occur  a t  one o r  more 
o t h e r  s i t e s ,  a t  r e l a t i v e l y  low f requencies  (u sua l ly  <5% of t h e  Isoporan 
c o r a l s ) .  The o u t e r  f l a t  i s  unique, because a l l  forms a r e  present  and 
r e l a t i v e l y  common. What I c a l l  t h e  o u t e r  f l a t  form is simply the  most 
abundant (about 40-50%) . 

The ch ie f  morphological d i f f e r e n c e s  among t h e  c o r a l s  a t  each s i t e  
a r e  summarized below: 

Inner  F l a t :  

Outer F l a t :  

Crest :  

Slope : 

orange-brown; branches f r equen t ly  and i r r e g u l a r l y  
wi th  many i n c i p i e n t  branches on s i d e s ;  bases  of 
branches tend t o  f u s e  g iv ing  a massive cen te r  t o  
colony; r e l a t i v e l y  small  t ubu la r  c o r a l l i t e s .  

yellowish-brown; branches in f r equen t ly  and 
r e g u l a r l y  (10-20 cm a p a r t ) ;  branches remain 
s e p a r a t e  and of s i m i l a r  diameter (about 2 cm); 
r e l a t i v e l y  s m a l l ,  thick-walled c o r a l l i t e s  
adpressed t o  ' branch. 

u sua l ly  greenish-brown; similar t o  lagoon form 
b u t  branches more f requent ly  ( l e s s  than 10 cm 
a p a r t ) ;  c o r a l l i t e s  tend t o  be thinner-walled 
and more c lose ly  packed. 

dark orange-brown; encrus t ing  b a s a l  p l a t e  pro- 
duces t h i c k  v e r t i c a l  p l a t e s  a f t e r  base  exceeds 
10-20 cm diameter ;  s m a l l ,  closely-packed cora l -  
l i t e s  adpressed t o  s i d e s  of p l a t e s .  

dark purplish-brown; massive cones o r  a few heavy 
branches;  r e l a t i v e l y  l a r g e ,  well-spaced thick-walled 
c o r a l l i t e s ,  tending t o  become tubu la r .  



Transplan t ing  techniques 

Small p i e c e s  of c o r a l  (about  5 cm long)  broken from a l a r g e  colony 
were mounted i n  shal low polyvinyl  c h l o r i d e  (P.V.C.) cups ( 8  cm diameter ,  
3 cm deep) .  Each cup w a s  f i l l e d  wi th  qu i ck - se t t i ng  conc re t e  made from 
f i n e l y  s i e v e d  c o r a l  sand ,  cement, seawater  and "Sealwall  Rapid S e t t e r  
f o r  Cement" (Sea lwal l  Trading Co. Pty.  L td . ,  Sydney); a s  temperatures  
and water con ten t  of  t h e  sand changed, t h e  p ropor t i ons  were a l t e r e d  t o  
g ive  a mix ture  which set i n  5-10 minutes.  The broken end of t h e  c o r a l  
was pushed i n t o  t h e  conc re t e  j u s t  b e f o r e  i t  s e t ,  and the  conc re t e  was 
l e v e l e d  t o  form a smooth, h o r i z o n t a l  s u r f a c e  f l u s h  wi th  t h e  edge of t h e  
cup. A s  soon a s  t h e  s u r f a c e  was hard  t o  t h e  touch, t h e  cups were placed 
i n  a shal low p ro t ec t ed  p l a c e  on t h e  i nne r  r ee f  f l a t  f o r  24 hours  while  
t h e  conc re t e  cured. Cora ls  were r a r e l y  ou t  of water  f o r  more than 10  
minutes . 

The cups a r e  mounted a t  t h e  i n t e r s e c t i o n s  of square  g r i d s  made from 
a steel mesh (6 mm rods  welded a t  20 cm c e n t e r s )  normally used f o r  r e in -  
f o r c i n g  concre te .  Each g r i d  ho lds  n i n e  cups a t t ached  by two b o l t s  
p r o j e c t i n g  from t h e  bottom of each cup. A t  t h e  c r e s t  s i te ,  each g r i d  
is f a s t e n e d  t o  a smooth pa tch  of b a r e  l imes tone  by steel s t r a p s  a t t ached  
t o  long  b o l t s  embedded i n  t h e  rock.  A t  t h e  o t h e r  sites, fou r  g r i d s  a r e  
held on a 120x120 cm steel frame, b o l t e d  onto fou r  heavy conc re t e  b locks  
which r a i s e  t h e  frame 10-15 cm above the  sand.  A l l  m e t a l  p a r t s  a r e  mild 
b l ack  s teel  and no t  t r e a t e d  i n  any way t o  prevent  r u s t i n g  o r  cor ros ion ,  
n e i t h e r  of which a r e  y e t  s e r i o u s  problems a f t e r  1 8  months of  submersion. 

For examination, t h e  g r i d s  a r e  c o l l e c t e d  and brought i n t o  shal low 
water  on t h e  inner  f l a t  near  t h e  l abo ra to ry .  As  r equ i r ed ,  t h e  cups a r e  
removed from t h e  g r i d s ,  s e s s i l e  organisms and s i l t  a r e  sc raped  from t h e  
cups and concre te ,  and t h e  cups a r e  p laced  i n  l a r g e ,  a e r a t e d  tanks i n  
t h e  l abo ra to ry .  

INTERACTIONS BETWEEN DIFFERENT FORMS 

This  experiment was designed t o  see whether c e r t a i n  forms of c o r a l  
"recognized" o t h e r  forms a s  being d i f f e r e n t ,  by responding wi th  morpho- 
l o g i c a l  changes i n  t h e  r eg ion  of con tac t  a s  t h e  two c o r a l s  grew toge the r .  
Four l a r g e ,  morphological ly  t y p i c a l  c o l o n i e s  w e r e  c o l l e c t e d  a t  each s i t e  
and brought  back t o  t h e  l abo ra to ry .  Each colony was broken i n t o  e i g h t  
geno typ ica l ly  i d e n t i c a l  p i e c e s  s u i t a b l e  f o r  t r a n s p l a n t i n g .  The p i e c e s  
were a r ranged  i n  p a i r s ,  and each p a i r  w a s  concre ted  i n t o  a s i n g l e  cup 
wi th  t h e i r  growing t i p s  i n  c o n t a c t .  

F igure  3 i l l u s t r a t e s  t h e  b a s i c  design of t h e  experiment,  us ing  an  
i n n e r  f l a t  colony as an  example. A s  a c o n t r o l ,  two p i eces  of t h e  same 
colony were concreted t oge the r  t o  provide the  i n t e r a c t i o n  of t h a t  colony 
wi th  a p i e c e  known t o  b e  phenotypica l ly  and geno typ ica l ly  i d e n t i c a l .  
Secondly, one p i ece  was pa i r ed  w i th  a p i ece  from a d i f f e r e n t ,  b u t  
morphological ly  s imi l a r ,  colony from the  same si te.  F i n a l l y ,  one p i ece  
w a s  p a i r e d  wi th  a colony from each of  t h e  four  o t h e r  s i tes.  Theore t i ca l l y  



ADULT - CLONAL 
(INNER) PIECES PAIRED WITH 

DESIGN : 5 SITES x 4 ADULTS x 6 PAIRINGS 

START : MARCH 1975 - CONTINUING 

SELF 

ALIEN - SAME SITE (INNER) 

(LAGOON) 

(OUTER) 
DIFFERENT 

(CREST) 

(SLOPE) 

F i g u r e  3 .  Summary of t h e  d e s i g n  of an  exper iment  examining t h e  i n t e r -  
a c t i o n s  between I soporan  c o r a l s .  An i n n e r  f l a t  colony is 
used as a n  example. 



t he re  could be  30 p o s s i b l e  p a i r i n g s  i n  t h e  complete design (5 wi th  s e l f ,  
25 wi th  a l i e n s ) .  However, t he  experimental  design f o r  a l i e n s  was 
symmetrical about t h e  major diagonal  (Table 2 ) ,  so t h e  t e n  t rea tments  
below t h e  d iagonal  were n o t  s e t  up a s  s e p a r a t e  p a i r i n g s .  I n i t i a l l y  
t h e r e  were fou r  r e p l i c a t e s  of each of t h e  20 p a i r i n g s  used; I d iscarded  
e i g h t  p a i r i n g s  be fo re  t he  experiment began, because one o r  bo th  c o r a l s  
appeared adverse ly  a f f e c t e d  by the  concre t ing .  Hor izonta l  and v e r t i c a l  
photographs were taken of each p a i r ,  and on 25 March 1975 the  remaining 
72 p a i r s  were placed on two frames a t  t h e  i n n e r  f l a t  s i t e .  On 24 June 
1975, a l l  t h e  c o r a l s  were hea l thy  except  f o r  one p a i r  which had been 
d is lodged ,  poss ib ly  by a  t u r t l e .  

I n  t h e  c o n t r o l s  (pa i red  wi th  s e l f )  t h e  two p i eces  fused toge ther  
i nd i s t i ngu i shab ly  wherever they came i n t o  con tac t ,  b u t  t h e r e  were no 
s i g n s  of  any changes i n  e i t h e r  growth r a t e s  o r  normal growth p a t t e r n s  
of e i t h e r  p iece .  However, when a  c o r a l  was placed i n  con tac t  wi th  an 
a l i e n ,  bo th  c o r a l s  u sua l ly  responded, (A)by r a p i d  d i f f e r e n t i a l  growth 
towards t h e  o t h e r  c o r a l  i n  t h e  reg ion  of con tac t ,  and (B) by the  
product ion of abnormal s k e l e t a l  t i s s u e  i n  t h e  reg ion  of contac t .  The 
responses of a l l  i n t e r a c t i o n s  between a l i e n  c o r a l s  a r e  summarized i n  
Table 2. The t a b l e  is  symmetrical about  t h e  major d iagonal ,  because 
each p i ece  was considered f i r s t l y  wi th  r e s p e c t  t o  i ts  o r i g i n  and 
secondly a s  t h e  a l i e n  f o r  t h e  o t h e r  member of t h e  p a i r .  Only t h e  s i g n s  
of some i n t e r a c t i o n s  change ac ros s  t h e  d iagonal .  

There were two q u a l i t a t i v e l y  d i s t i n c t  c a t e g o r i e s  of abnormal growth. 
The commonest, c a l l e d  " F i l l "  i n  Table 2, was formed when bo th  c o r a l s  
f i l l e d  t h e  space between them by growing towards each o t h e r .  Frequent ly ,  
bo th  c o r a l s  grew about equa l ly ,  s o  t h a t  t h e  p lane  of con tac t  l a y  more o r  
l e s s  i n  t h e  middle of t h e  o r i g i n a l  space.  The s u r f a c e  of t h e  zone of 
abnormal growth along t h e  con tac t  v a r i e d  i n  width (2-5 mm), co lor  and 
t e x t u r e .  Often t h e  s u r f a c e  was smooth, b u t  i t  sometimes contained l a r g e  
pores  and smal l  c o r a l l i t e s .  The l i n e  of con tac t ,  when v i s i b l e ,  va r i ed  
from a t h i n  l i n e  t o  a  deep groove. 

The second i n t e r a c t i o n  involved t h e  overgrowth of one c o r a l  by t h e  
o t h e r .  The overgrowth cons i s t ed  of a  t h i n  l a y e r  of s k e l e t o n  covered wi th  
normal c o r a l l i t e s  except  f o r  a  smooth zone 2-5 mm wide a long  the  advanc- 
i n g  edge. Usually t h e r e  was very  l i t t l e  growth by t h e  subord ina te  c o r a l  
i n  t h e  a r e a  of con tac t .  Overgrowth occurred c h i e f l y  i n  those p a i r i n g s  
which included a  c r e s t  c o r a l ,  and i n  every one of t hese  cases  t he  n a t u r e  
and d i r e c t i o n  of overgrowth was c l e a r l y  v i s i b l e .  Some overgrowth a l s o  
occurred i n  p a i r i n g s  between two s i m i l a r  c o r a l s  from the  same s i t e ,  b u t  
i n  t hese  cases  i t  was n o t  always easy t o  d i s t i n g u i s h  overgrowth from 
f  i l l i n g  . 

The only completely unpredic tab le  responses were those between 
c r e s t  and o u t e r  f l a t  c o r a l s  which included both f i l l i n g  and overgrowth, 
and a l s o  involved what appeared t o  be  the  only example of aggress ion  by 
means of ex t r a -coe len te r i c  d i g e s t i o n  such a s  t h a t  descr ibed  by Lang 
(1973). 



Table  2.  Growth r e s p o n s e s  of  two a l i e n  c o r a l s  p l a c e d  i n  c o n t a c t  a t  t h e  
I n n e r  F l a t  e x p e r i m e n t a l  s i t e  from March t o  June  1975. Numbers 
a r e  t h e  t o t a l  numbers of  c o l o n i e s  from t h a t  o r i g i n  which gave 
a  p a r t i c u l a r  r e sponse .  (Responses:  NIL = no v i s i b l e  response;  
FILL = b o t h  c o r a l s  grew i n t o  t h e  s p a c e  between them; OVER + = 
c o r a l  s p r e a d  over  t h e  s u r f a c e  of t h e  o t h e r ;  OVER - = c o r a l  was 
covered by t h e  o t h e r ;  AGGRES + = e x t r a - c o e l e n t r i c  d i g e s t i o n  o f  
o t h e r ;  AGGXES - = d i g e s t e d  by o t h e r . )  

P a i r e d  w i t h  C o r a l  from: 
O r i g i n  of I n n e r  Oute r  

C o r a l  F l a t  Lagoon F l a t  C r e s t  S lope  

I n n e r  F l a t  2 FILL 4 FILL 4 FILL 2 FILL 
1 OVER + 1 OVER + 
1 OVER - 3 OVER - 

3 OVER - 
1 NIL 

3 FILL 

Outer  F l a t  4 FILL 2 FILL 3 FILL 2 FILL 2 FILL 
1 OVER + 

1 OVER - 1 OVER - 

1 AGGRES + 

C r e s t  2 FILL 3 FILL 
3 OVER + 3 OVER + 1 OVER + 4 OVER + 
1 OVER - 1 OVER - 

1 NIL 

1 AGGRES - - 

Slope  2 FILL 3 FILL 2 FILL 2 FILL 
1 OVER + 

1 OVER - 4 OVER - 
1 NIL 



A l l  t h e  c o r a l s  r e a d i l y  d i s t i n g u i s h e d  between a  p i e c e  of themselves  
and a l l  o t h e r  c o r a l s ,  and they  a l s o  seemed a b l e  t o  r e c o g n i z e  s e v e r a l  
c l a s s e s  of a l i e n  c o r a l s .  These d a t a  s u p p o r t  t h e  view ( e . g . ,  Hildemann, 
1974) t h a t  r e c o g n i t i o n  sys tems analogous t o  immunological  sys tems i n  
h i g h e r  organisms e x i s t  among c o r a l s  and s u g g e s t  t h a t  t h e  v a r i o u s  forms 
of c o r a l  may be g e n e t i c a l l y  d i f f e r e n t .  

GROWTH AND SURVIVORSHIP 

T h i s  exper iment  was des igned  t o  a s s e s s  t h e  r e l a t i v e  c o n t r i b u t i o n s  
o f  g e n e t i c a l  and env i ronmenta l  f a c t o r s  i n f l u e n c i n g  a v a r i e t y  of pheno- 
t y p i c  c h a r a c t e r s  of e c o l o g i c a l  importance.  T h i s  paper  on ly  c o n s i d e r s  
some of t h e  s u r v i v o r s h i p  and growth d a t a ,  b u t  morpholog ica l  changes and 
i n t e r a c t i o n s  w i t h  o t h e r  organisms a r e  a l s o  b e i n g  examined. Some a s p e c t s  
o f  r e p r o d u c t i o n  w i l l  b e  cons idered  later .  I n  t h e  b a s i c  d e s i g n  (sum- 
marized i n  F i g u r e  4 ) ,  20 c o l o n i e s  were c o l l e c t e d  from each s i t e  ( r e f e r r e d  
t o  as " o r i g i n s " ) .  Each colony w a s  broken i n t o  f i v e  g e n o t y p i c a l l y  
i d e n t i c a l  p i e c e s  which were mounted i n  s e p a r a t e  cups  b e f o r e  t r a n s p l a n t -  
i n g  t o  t h e  "exper imental"  s i t e s .  One p i e c e  w a s  r e t u r n e d  t o  t h e  o r i g i n ,  
and one p i e c e  w a s  t r a n s f e r r e d  t o  each of t h e  o t h e r  f o u r  s i tes.  A s i x t h  
p i e c e  w a s  p r e s e r v e d  as a  permanent r e f e r e n c e  specimen. The f i r s t  
t r a n s p l a n t s  were  made i n  A p r i l  1974, b u t  t h e  d e s i g n  was n o t  completed 
u n t i l  November 1974 when t h e  c r e s t  s i t e  w a s  e s t a b l i s h e d .  

The c o r a l s  a r e  b e i n g  examined a t  approx imate ly  t h r e e  monthly 
i n t e r v a l s .  A t  each examinat ion they  a r e  photographed under s t a n d a r d  
c o n d i t i o n s ,  t h e  a r e a  of dead c o r a l  i s  recorded ,  and t h e  p o s i t i o n s  o f  
b o r i n g  organisms a r e  mapped. F i n a l l y ,  t h e  volume i s  measured by d i s -  
p lacement .  The c o r a l  is lowered u p s i d e  down i n t o  a  c y l i n d e r  of w a t e r  
s o  t h a t  t h e  edge of t h e  cup rests on t h e  edge of t h e  c y l i n d e r .  The 
c o r a l  is  removed and e x c e s s  w a t e r  is  al lowed t o  d r i p  back i n t o  t h e  
c y l i n d e r ,  which i s  s e a l e d  w i t h  a f l a t  p l a s t i c  p l a t e .  The c y l i n d e r  is  
t h e n  r e f i l l e d  through a  small h o l e  i n  t h e  p l a t e  u s i n g  a  s e l f - f i l l i n g  
1 0  c c  s y r i n g e ,  and t h e  amount of water r e q u i r e d  t o  r e f i l l  t h e  . v e s s e l  i s  
t h e  volume of t h e  c o r a l .  T h i s  method g i v e s  r e s u l t s  r e p e a t a b l e  t o  
w i t h i n  0.2-0.4 cc .  

The d a t a  p r e s e n t e d  h e r e  came from t h e  p e r i o d  beg inn ing  i n  November 
1974 and end ing  i n  l a t e  June  1975. T h i s  more o r  l e s s  cor responds  t o  t h e  
e n t i r e  sumner growth p e r i o d  a t  Heron I s l a n d ,  because  i n  1974 t h e r e  w a s  
no measurab le  growth between June  and November. Tab le  3 summarizes t h e  
p r e l i m i n a r y  a n a l y s i s  of growth d a t a .  Within  each row t h e  performance of 
t h e  same s e t  of genotypes  d e r i v e d  from a s i n g l e  o r i g i n  can b e  compared 
a c r o s s  t h e  f i v e  e x p e r i m e n t a l  sites. The f i n a l  v a l u e  i n  each  row is  t h e  
a v e r a g e  performance of t h a t  a r r a y  of genotypes  i n  a l l  h a b i t a t s ,  and t h e s e  
v a l u e s  c a n b e u s e d  t o  rank  t h e  performance of t h e  v a r i o u s  forms w i t h  
r e s p e c t  t o  o r i g i n .  Thus c o r a l s  from t h e  i n n e r  f l a t  and l agoon  grew 
r e l a t i v e l y  f a s t  whereas s l o p e  c o r a l s  grew s lowly i n  a l l  h a b i t a t s  where 
s u f f i c i e n t  i n d i v i d u a l s  s u r v i v e d  t o  g i v e  adequa te  d a t a .  Growth of o t h e r  
forms w a s  i n t e r m e d i a t e .  



ADULT - C L O N A L  
( INNER)  PIECES 

- EXPERIMENTAL SITES 

RETURNED TO (INNER) 
ORIGIN 

OTHER SITES 

r (LAGOON) 

(OUTER) 

(CREST) 

1 (SLOPE) 

REFERENCE COLLECTION 

DESIGN : 5 ORIGINS x 20 COLONIES x 5 EXPERIMENTAL SITES 

START : APRIL - NOVEMBER 1974 - CONTINUING 

Figure  4 .  Summary of t h e  des ign  of a  r e c i p r o c a l  t r a n s p l a n t  experiment 
examining growth and su rv ivo r sh ip  of Isoporan c o r a l s  i n  f i v e  
h a b i t a t s .  An i n n e r  f l a t  colony is  used a s  an example. 



T a b l e  3. Mean i n c r e a s e  i n  volume (%) f rom November 1974-June 1975 o f  
c loned  t r a n s p l a n t s  from each  o r i g i n .  Sample s i z e s  are g i v e n  
i n  p a r e n t h e s e s .  

Exper imen ta l  S i t e  Mean 
C o r a l  I n n e r  O u t e r  Growth 
O r i g i n  F l a t  Lagoon F l a t  Crest S l o p e  ( O r i g i n )  

I n n e r  
F l a t  49 (18) 66  (18)  l O l ( 2 3 )  52(18)  35 (7 )  66 

Lagoon 58(19)  76 (23)  89(26)  60(7 )  33(7 )  7 1  

O u t e r  
F l a t  4 1  (17)  56 (20) 73(22) 36(6)  3 4 ( 9 )  5 3 

Crest 44 (21) 54(22)  74(20)  58(21)  45(8 )  56 

Mean Growth 
( H a b i t a t )  47 6 2 85 5 3 3 7 6 1  

A n a l y s i s  of  V a r i a n c e  
Source  df S S MS F 

O r i g i n  4 21067 5266 5.97 P C .  0 0 1  

S i t e  4 83827 20956 23.76 P C < .  001  

O r i g i n  x s i t e  1 4  11432 816 .92 P> .05 

E r r o r  3 3 1  291929 881 



Each column i n  Table 3 g i v e s  t he  average performance of t h e  f i v e  
s e t s  of genotypes ( i . e . ,  from f i v e  o r i g i n s )  when growing under one s e t  
of environmental cond i t i ons .  The l a s t  e n t r y  i n  each column is  t h e  mean 
growth of  a l l  forms of c o r a l s  placed i n  t h a t  p a r t i c u l a r  h a b i t a t ,  and 
comparison of t h e  column t o t a l s  p rovides  a  ranking of t h e  o v e r a l l  
f a v o r a b i l i t y  of t h e  h a b i t a t s  f o r  t he se  c o r a l s .  Among su rv iv ing  c o r a l s ,  
a l l  forms grew f a s t e s t  a t  t h e  o u t e r  f l a t  s i t e ,  and s lowest  on t h e  s lope .  

The e f f e c t s  of  bo th  o r i g i n  and experimental  s i t e  w e r e  h igh ly  s i g -  
n i f  i c a n t  (P<. 001) . Although experimental  s i te  con t r ibu t ed  approximately 
f o u r  t imes more t o  t h e  t o t a l  v a r i a t i o n  than  d id  t h e  o r i g i n ,  t h e  a n a l y s i s  
of var iance  sugges ts  t h a t  c o r a l s  from a t  l e a s t  some o r i g i n s  have growth 
r a t e s  d i f f e r e n t  from those  of t h e  o t h e r  forms. 

A s i m i l a r  a n a l y s i s  of su rv ivo r sh ip  from November 1974 t o  June 1975 
i s  given i n  Table  4, which shows a  s i g n i f i c a n t  e f f e c t  of experimental  
s i t e  approximately twice a s  s t r o n g  a s  t h e  e f f e c t  of o r i g i n .  By them- 
s e l v e s  t he se  d a t a  a r e  of l i m i t e d  va lue  because,during t h i s  summer 
p e r i o d , m o r t a l i t y  was t h e  lowest  observed s o  f a r  dur ing  t h e  s tudy.  How- 
eve r ,  i t  is i n t e r e s t i n g  t h a t  t h e  cons iderab ly  heav ie r  m o r t a l i t y  dur ing  
the  previous w in t e r  (before  t he  des ign  was completed) was ranked i n  
much t h e  same way wi th  r e s p e c t  t o  bo th  o r i g i n  and experimental  s i t e .  
Therefore ,  my t e n t a t i v e  conc lus ions  a r e  t h a t :  (A) most forms surv ived  
w e l l  a t  t h e  o u t e r  f l a t  and c r e s t  sites and poor ly  on t h e  s lope ,  and 
(B) c o r a l s  de r ived  from t h e  i nne r  f l a t  survived w e l l  i n  a l l  h a b i t a t s ,  
whereas c o r a l s  from t h e  s lope  surv ived  very poorly.  The missing c e l l s  
and unequal sample s i z e s  i n  Tables  3 and 4 a r e  l a r g e l y  t h e  r e s u l t s  of 
unexpected damage t o  many c o r a l s  which were cemented a t  low temperatures  
(<20°C) dur ing  August 1974, and do no t  r e f l e c t  p a t t e r n s  of m o r t a l i t y  
under t h e  experimental  cond i t i ons .  I n  a  subsequent experiment, much 
l a r g e r  sample s i z e s  w i l l  be  used t o  a s s e s s  su rv ivo r sh ip  more accu ra t e ly .  

DISCUSSION 

The i n t e r a c t i o n s  and t h e  su rv ivo r sh ip  and growth d a t a  suggest  t h a t  
t h e  phenotypes of t h e  va r ious  forms d i f f e r  biochemical ly  and physio- 
l o g i c a l l y  a s  w e l l  a s  morphological ly .  Pos s ib l e  exp lana t ions  f o r  t h e s e  
p a t t e r n s  of v a r i a t i o n  f a l l  i n t o  f o u r  genera l  c l a s s e s  which a r e  n o t  
n e c e s s a r i l y  mutual ly  exc lus ive .  

1. Phenotypic p l a s t i c i t y :  The s imp le s t  explana t ion  i s  t h a t  t h e  
i n d i v i d u a l s  a r e  g e n e t i c a l l y  s i m i l a r ,  and t h a t  t h e  observed d i f f e r e n c e s  
a r e  induced by l o c a l  environmental condi t ions .  It  is c e r t a i n l y  t r u e  t h a t  
phys io log ica l  c h a r a c t e r s  a r e  g r e a t l y  in f luenced  by environmental f a c t o r s  
(Tables 3 and 4 ) ,  and ca sua l  examination of  t h e  photographs sugges ts  
t h a t  some morphological changes have followed t r a n s p l a n t a t i o n .  However, 
t h e r e  c e r t a i n l y  has  no t  been a  s p e c t a c u l a r  morphological convergence 
among t h e  t r a n s p l a n t s  t o  t h e  form normally found i n  each h a b i t a t :  i n  
November 1975 (19 months a f t e r  t r a n s p l a n t i n g  began) t he  o r i g i n  of most 
i n d i v i d u a l s  was s t i l l  obvious from t h e i r  morphological appearance a lone .  
It i s  d i f f i c u l t  t o  exp la in  t h e  e x i s t e n c e  of a l l  fonns i n  r e l a t i v e l y  h igh  



Table  4. S u r v i v a l  (%) from November 1974-June 1975 of c loned t r a n s -  
p l a n t s  from each o r i g i n .  Sample s i z e s  a r e  g i v e n  i n  
p a r e n t h e s e s .  Sums of s q u a r e s  are weighted by sample s i z e s .  

Experimental. S i t e  Mean 
C o r a l  I n n e r  O u t e r  Growth 
O r i g i n  F l a t  Lagoon F l a t  Crest S lope  (Or ig in )  

I n n e r  
F l a t  95 (22) 95 (21) lOO(23) 100 (18) 100 (8 )  9 8 

Lagoon 83 (24) 96 (22) 100 (26) 83(5)  58(11) 8 8 

Oute r  
F l a t  75 (21) 83(20) 87 (23) 75(6) 69 (11) 79 

Crest 100 (22) 92 (24) 95 (21) 100 (21) 46 (13) 90 

S lope  75 (4 )  60 (5)  - 100 (2)  - 7 3 

Mean Growth 
( H a b i t a t )  87 90 95 9 4 6 5 88 

Source  
A n a l y s i s  of Var iance  

d f  S S MS F 

O r i g i n  4 16122 4031 2.40 P>. 05  

S i t e  4 32313 8078 4.81 . 05>P>. 0 1  

O r i g i n  x s i t e  1 4  23515 1680 



f r equenc i e s  on t h e  o u t e r  f l a t . o n  t he  b a s i s  of phenotypic p l a s t i c i t y .  
Such a n  exp lana t ion  would r equ i r e :  (A) h a b i t a t  d i f f e r e n c e s  over  a few 
cen t ime te r s  a s  g r e a t  a s  t h e  environmental v a r i a t i o n  found over  t h e  e n t i r e  
Heron r e e f ,  and (B)  t h e  p e r s i s t e n c e  of t h e s e  mic rohab i t a t  d i f f e r e n c e s  f o r  
many y e a r s .  A l t e r n a t i v e l y ,  i t  is p o s s i b l e  t h a t  phenotypic c h a r a c t e r s  
a r e  induced a t  one po in t  i n  t he  i n d i v i d u a l ' s  development and then remain 
f i x e d  f o r  t h e  rest of i t s  l i f e ,  b u t  d a t a  from analogous s t u d i e s  (e .g . ,  
on t e r r e s t r i a l  p l a n t s )  provide no reason t o  expect  s imultaneous f i x a t i o n  
of  a  wide range of morphological and phys io log ica l  c h a r a c t e r s  i n  t h i s  
way. The i n t e r a c t i o n  experiment sugges ts  t h a t  t h e  forms d i f f e r  bio- 
chemical ly  i n  a  manner analogous t o  immunological i n t e r a c t i o n s  i n  h ighe r  
organisms; i t  i s  p a r t i c u l a r l y  d i f f i c u l t  t o  u se  phenotypic p l a s t i c i t y  t o  
exp la in  biochemical  d i f f e r e n c e s ,  because molecular  con f igu ra t i ons  a r e  
u s u a l l y  c l o s e l y  r e l a t e d  t o  t he  genotype of t h e  i nd iv idua l .  

2 .  Spec ies :  The second p o s s i b l e  exp lana t ion  is t h a t  each form 
belongs t o  a  d i f f e r e n t ,  r ep roduc t ive ly  i s o l a t e d  spec i e s :  each s p e c i e s  
h a s  a  p r e f e r r e d  h a b i t a t ,  b u t  i t s  range inc ludes  some h a b i t a t s  p r e f e r r e d  
by o t h e r  s p e c i e s .  A l l  phys io log i ca l  and morphological d i f f e r e n c e s ,  as 
w e l l  a s  t he  i n t e r a c t i o n s  between c o r a l s  could then be expla ined  l a r g e l y  
by genotypic  v a r i a t i o n .  Carden Wallace (Persona l  communication) of t he  
Queensland Museum has  examined much of t h i s  m a t e r i a l  and has  compared a  
r e p r e s e n t a t i v e  c o l l e c t i o n  wi th  type specimens of Isoporan c o r a l s  h e l d  i n  
European and North American c o l l e c t i o n s .  Following the  usage of Wells 
(1954), t h e  lagoon form seems t o  conform reasonably w e l l  t o  Acropora 
a l i f e r a  forma a ;  t h e  s l o p e  form resembles A. p a l i f e r a  forma B; and the  

:rest form is similar t o  A. cuneata .  The o s e r  f l a t  form seems t o  f i t  
most c l o s e l y  t o  A. brueggemanni as used by Brook (1893). Unfor tuna te ly  
t he  i nne r  f l a t  form does no t  correspond w e l l  t o  any of t h e  Isoporan type  
specimens, even though t h i s  form is commonly c a l l e d  Acropora cuneata  by 
people  working a t  Heron I s l and .  The g r e a t e s t  problem wi th  t h i s  explana- 
t i o n  i s  t h e  presence of many morphologically i n t e rmed ia t e  forms, 
e s p e c i a l l y  on t h e  o u t e r  f l a t .  I n  p a r t i c u l a r ,  lagoon and o u t e r  f l a t  
forms seem t o  merge i n d i s t i n g u i s h a b l y ;  i n t e rmed ia t e s  between i n n e r  f l a t  
and c r e s t  and between o u t e r  f l a t  and c r e s t  forms a r e  a l s o  common; and 
most o t h e r  p o s s i b l e  i n t e rmed ia t e s  t o  e x i s t .  

3. Genet ic  i s o l a t i o n :  This  exp lana t ion  assumes t h a t  t h e  c o r a l s  i n  
each h a b i t a t  a r e  d i s c r e t e ,  geographica l ly  and reproduct ive ly  i s o l a t e d  
subpopula t ions  of a s i n g l e  spec i e s .  The d i f f e r e n c e s  may r e s u l t  from 
founder e f f e c t s ,  o r  from long-term s e l e c t i v e  p re s su re s .  It has  been 
suggested t h a t  c o r a l  p l anu lae  s e t t l e  ve ry  r a p i d l y  a f t e r  r e l e a s e  and i n  
t he  immediate v i c i n i t y  of t h e i r  p a r e n t s  (e .g . ,  Duerden, 1902) .  This  
l o c a l i z e d  s e t t l i n g  would enhance g e n e t i c  i s o l a t i o n ,  a l though Connell  
(1973) ques t ioned  t h e  e f f e c t i v e n e s s  of l i m i t a t i o n s  on t h e  d i s p e r s a l  of 
c o r a l  l a r v a e .  However, Connell(1973) a l s o  po in t ed  o u t  t h e  importance of 
p i eces  bro,ken o f f  e x i s t i n g  co lon ie s  a s  a  sou rce  of r e c r u i t s  w i t h i n  a 
h a b i t a t .  The o u t e r  f l a t  could e i t h e r  b e  a  h a b i t a t  i n  which a l l  geno- 
types  a r e  p r e s e n t ,  o r  one t o  which l a r v a e  can  d i s p e r s e  from a l l  h a b i t a t s .  
The wide d i s t r i b u t i o n  of s i m i l a r  h a b i t a t s  w i th  s i m i l a r  forms over t h e  
Heron r ee f  (about  8  km long ) ,  t h e  sharp  boundaries  o f t e n  found between 



h a b i t a t s ,  and t h e  u s u a l  occurrence of t h r e e  d i s t i n c t  h a b i t a t s  ( s lope ,  
c r e s t ,  o u t e r  f l a t )  w i th in  a  d i s t a n c e  of about 100 m a l l  tend t o  argue 
a g a i n s t  geographic i s o l a t i o n .  

4 .  Local  s e l e c t i o n :  The f i n a l  explana t ion  assumes t h a t  t h e  maxi- 
mum range of genotypes w i l l  be  p re sen t  among s e t t l i n g  l a r v a e  i n  every 
h a b i t a t ,  e i t h e r  a s  a  r e s u l t  of g e n e t i c  recombination wi th in  each habi- 
t a t  o r  by d i s p e r s a l  from o t h e r  h a b i t a t s .  I n  each h a b i t a t ,  a d u l t  colo- 
n i e s  w i l l  be  those  i n d i v i d u a l s  which have survived s e l e c t i o n  dur ing  t h e  
present  genera t ion ;  they r ep resen t  small  s u b s e t s  of t h e  o r i g i n a l  ranges 
of genotypic  and phenotypic v a r i a t i o n .  D i f f e ren t  l o c a l  s e l e c t i v e  
p re s su res  a c t i n g  wi th in  t h e  l i f e t i m e  of most l i v i n g  co lon ie s  w i l l  
account f o r  t h e  forms found i n  each h a b i t a t .  Presumably, va r ious  
s e l e c t i v e  f a c t o r s  w i l l  a c t  on d i f f e r e n t  phenotypic c h a r a c t e r s ,  o r  on 
t h e  same c h a r a c t e r s  i n  d i f f e r e n t  ways. The e x i s t e n c e  of in te rmedia tes  
and t h e  d i f f e r e n t  assemblages of forms i n  each h a b i t a t  i s  compatible  
with t h i s  explana t ion .  

Any r e a l i s t i c  d e s c r i p t i o n  of t h e  causes of v a r i a t i o n  observed i n  
Isoporan c o r a l s  a t  Heron I s l a n d  w i l l  involve  some combination of t h e  
d i s c r e t e  explana t ions  given above. While phenotypic p l a s t i c i t y  cer-  
t a i n l y  e x i s t s ,  t h e  evidence s o  f a r  suggest  t h a t  i t s  e f f e c t s  a r e  r e l a -  
t i v e l y  minor compared wi th  those  of underlying genotypic v a r i a t i o n .  
More than one spec i e s  may be  p re sen t ,  bu t  I th ink  i t  h ighly  improbable 
t h a t  t h e r e  a r e  f i v e  spec i e s .  A t  p r e sen t  I am t r e a t i n g  a l l  forms a s  
belonging t o  a  s i n g l e  spec i e s  Acropora p a l i f e r a .  Complete geographic 
and reproduct ive  i s o l a t i o n  seems un l ike ly ;  bu t  t h e r e  may w e l l  be p a r t i a l  
i s o l a t i o n  s o  t h a t ,  a t  l e a s t  i n  some h a b i t a t s ,  r e c r u i t s  tend t o  come 
from pa ren t s  w i t h i n  t h a t  h a b i t a t .  Such a  process  would tend t o  enhance 
and pe rpe tua t e  t h e  e f f e c t s  of s e l e c t i o n  from one genera t ion  t o  t he  next .  
However, my t e n t a t i v e  conclusion i s  t h a t  a l l  of t hese  processes  a r e  
secondary t o  t h e  e f f e c t s  of l o c a l  s e l e c t i v e  regimes a c t i n g  i n  every 
genera t ion .  

SPECULATIONS 

I propose t h a t  t h e  s e l e c t i v e  regimes a r e  complexes of many d i f -  
f e r e n t  f a c t o r s .  Table 1, which l i s ts  apparent  d i f f e r e n c e s  among the  
s i t e s ,  a l s o  summarizes a  few of t h e  extreme cond i t i ons  which may be 
s e l e c t i v e  f a c t o r s .  Not only w i l l  t h e  f a c t o r s  vary  from h a b i t a t  t o  
h a b i t a t ,  bu t  any one f a c t o r  may vary i n  frequency, dura t ion ,  i n t e n s i t y  
and p r e d i c t a b i l i t y  of s e l e c t i o n .  To i l l u s t r a t e  t hese  po in t s ,  I s h a l l  
d i scuss  t h e  t h r e e  most extreme s i t e s ,  cons ider ing  t h e  phenotypic 
p r o p e r t i e s  of a d u l t s  from those  s i t e s ,  and sugges t ing  s e l e c t i v e  regimes 
which could have favored them. The t r a n s p l a n t  experiment g ives  d a t a  on 
t h e  growth and s u r v i v a l  of each form i n  a  range  of environments. Growth 
can be considered p r imar i ly  a s  a  measure of t h e  responses of a  c o r a l  t o  
t h e  f avo rab le  a spec t s  of i ts  environment, wh i l e  surv ivorsh ip  can be 
regarded a s  a  measure of t h e  a b i l i t y  of i n d i v i d u a l s  t o  t o l e r a t e  unfavor- 
a b l e  condi t ions .  Thus, t h e  growth d a t a  i n  Table 3 can be used t o  rank 
the  o v e r a l l  f a v o r a b i l i t y  of t h e  f i v e  h a b i t a t s ,  and a l s o  t o  rank t h e  



a b i l i t i e s  of t h e  f i v e  forms t o  respond t o  f avo rab l e  cond i t i ons .  
S i m i l a r l y ,  Table 4 p rovides  rankings of t h e  h a b i t a t s  i n  terms of t h e i r  
adverse  f e a t u r e s ,  and ranks t h e  forms on the  b a s i s  of t h e i r  t o l e r a n c e  
of a  range of adverse cond i t i ons .  

The o u t e r  f l a t  is gene ra l l y  t h e  most f avo rab l e  environment f o r  
Isoporan c o r a l s .  Phys i ca l  condi t ions  seem r e l a t i v e l y  benign (Table I ) ,  
and a l l  forms grew f a s t e s t  and surv ived  w e l l  on t h e  o u t e r  f l a t .  A l l  
forms normally occur on the  o u t e r  f l a t  ( f r equen t ly  s i d e  by s i d e ) ,  and 
t h e  s imp le s t  explana t ion  is  t h a t  t h i s  d i s t r i b u t i o n  i s  maintained by a  
g e n e r a l  absence of  s e l e c t i o n ;  i n  such an environment, almost a l l  geno- 
types  w i l l  s u rv ive  and grow we l l .  Outer f l a t  c o r a l s  d i d  n o t  perform 
p a r t i c u l a r l y  we l l  a f t e r  being t r ansp l an t ed  t o  o t h e r  s i tes;  indeed,  
even a t  t h e  o u t e r  f l a t  they d i d  n o t  su rv ive  o r  grow a s  w e l l  a s  some of 
t h e  o t h e r  forms. These r e s u l t s  would be  expected i f  even r e l a t i v e l y  
u n f i t  genotypes a r e  l i k e l y  t o  su rv ive  and c o n t r i b u t e  t o  a  r a t h e r  i n t e r -  
mediate  average performance. 

The s l o p e  is t h e  worst  environment f o r  Isoporan c o r a l s ,  w i th  t h e  
lowest  growth and s u r v i v a l  r a t e s  f o r  a l l  forms. The i n n e r  f l a t  is 
a l s o  an unfavorable  environment, wi th  low average growth r a t e s  and 
r e l a t i v e l y  poor su rv ivo r sh ip .  However, t h e  phenotypes of c o r a l s  
l i v i n g  i n  t he se  sites a r e  very d i f f e r e n t  from each o t h e r ,  implying 
t h a t  they a r e  t h e  products  of q u i t e  d i f f e r e n t  s e l e c t i v e  regimes. 
Corals from the  s l o p e  had t h e  lowest s u r v i v a l  and growth r a t e s ,  whereas 
i nne r  f l a t  c o r a l s  grew very  r ap id ly  and surv ived  extremely w e l l  i n  a l l  
h a b i t a t s .  

I sugges t  t h a t  t h e  s l o p e  s e l e c t s  f o r  a  s p e c i a l i z e d  phenotype 
which i s  adapted only t o  s l o p e  cond i t i ons  and i s  n o t  pre-adapted f o r  
o t h e r  condi t ions .  I propose t h a t  t h i s  s p e c i a l i z a t i o n  involves  adap- 
t a t i o n  t o  a  few very p r e d i c t a b l e ,  b u t  almost cont inuously unfavorable  
f a c t o r s .  The s l o p e  s i t e  i s  c l o s e  t o  t h e  lower l i m i t  of Isoporan growth 
a t  Heron I s l and ;  low l i g h t  i n t e n s i t i e s ,  heavy s i l t  l oads ,  and poss ib ly  
l i m i t e d  food s u p p l i e s  seem t o  be  l i k e l y  adverse  f a c t o r s .  

I n  marked c o n t r a s t ,  t he  i nne r  f l a t  seems t o  s e l e c t  f o r  gene ra l i zed ,  
a l l -purpose  phenotypes which a r e  pre-adapted t o  t o l e r a t e  a  wide range 
of adverse  condi t ions  and which a r e  w e l l  a b l e  t o  e x p l o i t  any favorab le  
condi t ions .  The most l i k e l y  s e l e c t i v e  regime t o  produce t h i s  outcome 
would b e  one where many d i f f e r e n t  adverse f a c t o r s  ope ra t e  more o r  l e s s  
independent ly ,  and t h e  a c t i o n  of most f a c t o r s  is r e l a t i v e l y  unpre- 
d i c t a b l e .  Thus, s u r v i v o r s  w i l l  have p e r s i s t e d  through many d i f f e r e n t  
adve r se  cond i t i ons .  I t  seems l i k e l y  t h a t  t h e  i nne r  f l a t  may experience 
g r e a t  extremes of temperature ,  s a l i n i t y ,  r a d i a t i o n ,  exposure (and 
d e s s i c a t i o n ) ,  low oxygen t ens ion ,  s i l t i n g ,  overgrowth by a l g a e ,  and 
probably o t h e r  f a c t o r s ,  a l though i t  i s  un l ike ly  t h a t  any of t he se  
cond i t i ons  would p e r s i s t  f o r  extended per iods .  I propose t h a t  f r equen t  
adverse  events  a r e  s epa ra t ed  by r e l a t i v e l y  s h o r t  pe r iods  of good 
cond i t i ons ,  and t h a t  s e l e c t i o n  f avo r s  r a p i d  responses  t o  changing 



c o n d i t i o n s .  To p e r s i s t ,  i n d i v i d u a l s  must b e  a b l e  t o  e x p l o i t  even 
s h o r t  p e r i o d s  of f a v o r a b l e  c o n d i t i o n s .  Thus, what is s imply a n  
o p p o r t u n i s t i c  response  on t h e  i n n e r  f l a t  would r e s u l t  i n  prolonged 
h i g h  growth rates on t h e  o u t e r  f l a t .  

I must s t r e s s  t h a t  t h e s e  c o n c l u s i o n s  are h i g h l y  s p e c u l a t i v e ,  based on 
d a t a  c o v e r i n g  less t h a n  e i g h t  months; b u t  t h e y  are p r e s e n t e d  now t o  
i n d i c a t e  t h e  scope  of t h i s  p r o j e c t .  Adul t  c o r a l s  have s u r v i v e d  s e l e c -  
t i o n  over  many y e a r s ;  d u r i n g  t h i s  t ime r e l a t i v e l y  rare e v e n t s  n o t  y e t  
observed i n  t h i s  s t u d y  may have had s t r o n g  cumula t ive  e f f e c t s .  
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