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I N I T I A L  R E C O L O N I Z A T I O N  O F  F U N A F U T I  

A T O L L  C O R A L  R E E F S  D E V A S T A T E D  BY 

H U R R I C A N E  "BEBE" 

Abst rac t  

On the 21s t  of October,  1972, hur r icane  "Bebe" devas- 
t a t ed  a  l a rge  p a r t  of Funafut i  a t o l l  i n  the  E l l i c e  I s l ands .  
the most spec t acu la r  geomorphological a l t e r a t i o n s  caused by 

Among 
the 

hur r icane  was a  storm beach 19 km long, 4  m high and 37 m wide. 
The amount of c o r a l  d e b r i s  washed up from thg o f f sho re  c o r a l  r e e f s  
onto the reef  f l a t  was est imated a t  2.8 x 10 tons of m a t e r i a l  
(Baines,  Beveridge and Maragos, 1974). The oceanside r ee f  
communities of the SE and E r i m  of the  a t o l l  had been t o t a l l y  
destroyed,  and those of the inner  r e e f s  of the lagoon s i d e  had been 
heavi ly  damaged. Eight  months a f t e r  the storm a  q u a n t i t a t i v e  
a n a l y s i s  of the r e se t t l emen t  and recru i tment  of c o r a l  spec i e s  on 7  
r ee f  s e c t i o n s  was c a r r i e d  out :  the d e s t r u c t i o n  of the 
biophysiographic zones could be descr ibed a s  increas ing  from the 
nor thern  border  and a l s o  t o  the W r i m  of the a t o l l .  Near the 
c e n t r e  a t  Fongafale the lagoon reef  f l a t  was covered by th i ck  
c a r p e t s  of the brown a lga  Dictyota  b a r t a y s i i ,  poss ib ly  brought 
about  by eu t roph ica t ion  e f f e c t s .  The r e se t t l emen t  of the  reef  f l a t  
by c o r a l s  began wi th  the r eco lon iza t ion  of branching c o r a l s  a s  wel l  
a s  regenera t ion  of the very few surv iv ing  massive c o r a l s :  about 80% 
of the number of new colonies  belong t o  Acropora (mainly - A .  humil is  

and about 20% t o  Poci l lopora  eydouxi, P o r i t e s  
Favi idae.  The percentage of the a r e a  s e t t l e d  by 

the massive c o r a l  spec i e s  is ,  however, g r e a t e r  than t h a t  s e t t l e d  by 
the branching s p e c i e s .  Neverthe l e s s ,  i n  the long- term, branching 
c o r a l s  a r e  expected to have a d e c i s i v e  inf luence  on the f u t u r e  
s t r u c t u r a l  and biophysiographic zonat ion of the reef  edge and reef  
f l a t ,  due t o  t h e i r  more numerous young co lonies ,  which a r e  evenly 
s c a t t e r e d  over the reef  a r e a ,  and- due t o  t h e i r  rap id  growth ra te ,  
Consequently, an Acropora humil is  - hyacinthus-community o r  an 
Acropora - Poci l lopora  eydouxi-assemblage can be predic ted  a s  the 
f u t u r e  biophysiographic zone. 

I n s t i t u t e  f o r  Spec ia l  Zoology, Ruhr-University Bochum, 
D-4630 Bochum, F.R. Germany 
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I n t r o d u c t i o n  

On t h e  2 1 s t  o f  October ,  1972, h u r r i c a n e  "Bebe" d e v a s t a t e d  a  
l a r g e  p a r t  of F u n a f u t i  a t o l l ,  E l l i c e  I s l a n d s  (now ~ u v a l u )  i n  the  
Southwestern  P a c i f i c .  S i x  weeks l a t e r ,  December 10-24, 1972, 
Maragos, Baines and Beveridge (1973) i n v e s t i g a t e d  t h e  
geomorphological  a l t e r a t i o n s  caused by t h e  cyclone e s p e c i a l l y  on 
t h e  SE s i d e  of t h e  A t o l l .  A s torm beach 19 km long,  n e a r l y  4 m 
h i g h  and 37 m wide was t h e  most conspicuous  geomorphological  
change. The amount of c o r a l  d e b r i s  washed up from de  t h s  down t o  g 
20 m and o n t o  t h e  r e e f  f l a t  was e s t i m a t e d  a t  2.8 x 10 tons  o f  
m a t e r i a l  and was d e r i v e d  from t h e  o u t e r  r e e f s  of t h i s  s i d e  which 
had been t o t a l l y  d e s t r o y e d .  I n  a d d i t i o n ,  t h e  i n n e r  r e e f s  of t h e  
lagoon s i d e  had a l s o  been h e a v i l y  damaged. The a u t h o r s  gave a  
d e t a i l e d  r e p o r t  and some p e r s o n a l  comments on t h e  a l t e r a t i o n s  which 
they found and t h e  c o n d i t i o n  of t h e  r e e f s  a t  t h e  Second 
I n t e r n a t i o n a l  Cora l  Reef Symposium i n  Br i sbane ,  1973 ( B a i n e s ,  
Beveridge and Maragos, 1974).  These were used a s  a  b a s i s  f o r  the  
planned i n v e s t i g a t i o n  on t h e  r e c o l o n i z a t i o n  of t h e  d e s t r o y e d  r e e f s .  

Observa t ions  on t h e  e f f e c t s  of t r o p i c a l  cyc lones  have been 
pub l i shed  by Blumenstock (1958, 1961) and Blumenstock e t  a l .  
(1961) ,  McKee (1959) ,  S t o d d a r t  (1963, 1965, 1974) ,  T u n n i c l i f f e  
(1981) ,  Woodley e t  a l .  (1981) and o t h e r s .  New growth and 
r e c o l o n i z a t i o n  of c o r a l s  have been d e s c r i b e d  among o t h e r s  by 
F i s h e l s o n  ( 1 9 7 3 ) ,  Loya (1976a,  1976b) ,  Mergner (1979, 1981) ,  
Pearson (1981) and Schumacher (1977) .  S c i e n t i f i c  d e s c r i p t i o n s  of 
F u n a f u t i  a t o l l  and i t s  geology have been g iven  by David and Sweet 
(1904) ,  and a s  t o  t h e  b io logy  of t h e  ree f - fo rming  organisms by 
Finckh (1904) .  

I n  J u l y  ( 6 - l l ) ,  1973, 8  112 months a f t e r  t h e  h u r r i c a n e ,  and 
j u s t  a f t e r  t h e  Symposium, I c a r r i e d  o u t  t h e  f i r s t  q u a n t i t a t i v e  
a n a l y s i s  of t h e  r e c o l o n i z a t i o n  of some r e e f  s e c t i o n s  o f  t h e  a t o l l .  
For t h e  purposes  of comparison,  s e v e r a l  r e g i o n s  of t h e  r e e f  b o t h  
f l o u r i s h i n g  and p a r t l y  damaged, were i n v e s t i g a t e d .  The f o l l o w i n g  
i s  a  r e p o r t  of t h e s e  i n v e s t i g a t i o n s .  
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Seven s e c t i o n s  examined on Funafu t i  r e e f s  

Funafut i  a t o l l  ( ~ i g .  1 )  i s  loca ted  on the undersea r idge  of 
the  E l l i c e  I s l a n d s  about  1000 km n o r t h  of the F i j i -Archipe lago  
a r i s i n g  from a  depth of more than 4000 m. I t  c o n s i s t s  of 29 c o r a l  
i s l ands  d i f f e r i n g  g r e a t l y  i n  s i z e ,  sometimes oblong i n  shape, 
sometimes round and very small ,  and covered with f o r e s t  (Cocos 
n u c i f e r a ,  Pandanus t e c t o r i u s ,  P i son ia  grandis  and o t h e r s ) .  The 
i s l a n d s  a r e  connected by reef  b a r r i e r s  and form a  r ec t ang le  with 
one elongated corner  (Fig.  2 ) .  Aside from numerous shoa l s ,  nine 
o u t l e t s  ( l o c a l l y  c a l l e d  "Te Ava") connect the open sea with the 
lagoon, which reaches a  depth of 54 m a t  two pos i t i ons  and f l a t t e n s  
t o  a  few meters e s p e c i a l l y  i n  the south.  Some of the passages a r e  
navigable:  i n  1899 Agassiz (1903) had en tered  two of them on board 
the research  v e s s e l  "Albatross". 

The Centre of hur r icane  "Bebe" s t ruck  the SE s i d e  of the a t o l l  
i n  October, 1972, and thus caused the  g r e a t e s t  damage t o  the r e e f s  
loca ted  the re  ( s ee  Baines,  Beveridge and Maragos, 1974). But the 
r e e f s  of the NE s i d e  and of the S  t i p  a l s o  su f f e red  conspicuous 
damage i n  c o n t r a s t  t o  those of the  SW and NW s i d e s ,  which showed 
only few o r  nea r ly  no e f f e c t s  of the  storm because they had been 
b e t t e r  pro tec ted  by the s h e l t e r i n g  e a s t e r n  r e e f s  and the  a t o l l  
lagoon. According t o  these c r i t e r i a ,  the t e s t  a r e a s  and the r e e f s  
f o r  comparison purposes had to  be s e l e c t e d  (Figs.  1, 12) .  

Two s e c t i o n s  were se l ec t ed  f o r  the N r i m  of the d e s t r u c t i o n  
zone c lose  t o  the N end of the i s l e  of Tengako ( s e c t i o n s  1 and 2 ) ,  
two f o r  the S r i m  of t h i s  zone near  the  i s l e  of Tutanga a t  the S  
end of the a t o l l  ( s e c t i o n s  6 and 7 ) ,  two f o r  the W s i d e  of the 
a t o l l  lagoon near  the  i s l e  of Faufatu a t  the W end of the a t o l l  
( s e c t i o n s  4 and 5 )  and one f o r  the c e n t r e  of the d e s t r u c t i o n  zone 
near  the E end of the main i s l and  Funafu t i  ( s e c t i o n  3 ) .  Because of 
the high swel l  from the e a s t  and correspondingly high breakers ,  the 
exposed ou te r  reef  s e c t i o n  could n o t  be inves t iga t ed .  
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I n  a l l  s e c t i o n s ,  the biophysiographic zonat ion was s tudied  i n  
a  s t r i p  20 t o  100 m wide from the sea-shore ac ros s  the r ee f  f l a t  t o  
the f o r e  reef  o r  the lagoon f l o o r .  The d i s t ances  from the mean 
water l e v e l  t o  the r ee f  edge were between 120 and 250111; g r e a t e r  
d i s t ances  could n o t  be reached by snorke l ing .  

I n  c o n t r a s t  t o  reef  s ec t ions  4-7, which showed no o r  only 
l i t t l e  damage, nea r ly  the whole r ee f  f l a t  of s ec t ions  1-3 had been 
destroyed. Here, i n  each case ,  a  t e s t  a r ea  of 20 x  20 m o r  20 x  10 
m was marked with p l a s t i c  l i n e s  extending from the lagoon f l o o r  o r  
reef  s lope  over the reef  edge onto the o u t e r  reef  f l a t .  Within the 
borders  of each a r e a  a l l  l i v i n g  remains of former c o r a l  co lonies  
(without  except ion,e .g.  massive o r  c rus tose  spec ies )  and newly 
s e t t l e d  co lonies  were marked on a  map and t h e i r  s i z e s  were 
ca l cu la t ed  by taking the average be tween the longes t  and s h o r t e s t  
diameters.  A l l  drawings, measurements and underwater photographs 
were made by snorke l ing  down t o  a  depth of 5 m. 

Resu l t s  of zonation s t u d i e s  of reef  s c t i o n s  1-7  

F i r s t ,  the s t r u c t u r e ,  the f l o r a  and fauna and the 
biophysiographic zonat ion of a l l  reef  s e c t i o n s  inves t iga t ed  w i l l  be 
b r i e f l y  cha rac t e r i zed .  Then, the r eco lon iza t ion  of the reef  
platforms w i l l  be analyzed using reef  s ec t ions  2 and 3 a s  examples. 

Reef s ec t ion  1 

Reef s e c t i o n  1 i s  s i t u a t e d  a t  the N r i m  of the c e n t r a l  
des t ruc t ion  zone of hurr icane "Bebe", and 300 m south of the N end 
of the i s l e  of Tengako. I t  extends SW from the shore of the lagoon 
f o r  160-180 m with a  minimum breadth of 20 m ,  and i t s  zonat ion i s  
shown i n  Table 1, Fig. 1 2 .  

Reef s e c t i o n  1 shows se r ious  damage t o  the reef  platform and 
reef  edge. I t s  biophysiographic zonat ion i s  cha rac t e r i zed  by 
sparse  growth of d i f f e  e n t  a lgae  spec i e s  on the abraded reef  f l a t .  Z Within more than 500 m of the r ee f  f r o n t ,  only 1 7  massive f a v i i d  
co lonies  had surv ived ,  bu t  no s c l e r a c t i n i a n  colony had r e s e t t l e d .  
Aside from a  few Pagurids  and f i s h e s  no mobile fauna i s  v i s i b l e .  

Reef s ec t ion  2 

Sect ion 2 (F ig .  3) runs p a r a l l e l  t o  and about 1200 m from 
sec t ion  1 and i s  loca ted  nearer  the c e n t r e  of the hur r icane  "Bebe" 
zone. It runs i n  a  SW d i r e c t i o n ,  i s  140 m long and has a  minimum 
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breadth  of 20 m. I n  many r e spec t s ,  i t s  s t r u c t u r e ,  s e t t l emen t  and 
zonat ion a r e  s i m i l a r  to  those of s e c t i o n  1. It does, however, 
d i f f e r  from s e c t i o n  1 i n  t h a t  t he re  i s - - a s ide  from some remainders 
of dead c o r a l  colonies--a  t o t a l  l ack  of surv iv ing  l i v i n g  co lonies .  
There a r e  many spec i e s  of f i s h  i n  t h i s  a r ea  and, above a l l ,  there  
i s  a  r eco lon iza t ion  of numerous young s c l e r a c t i n i a n  co lon ie s  (Table 
2 ,  Fig. 12) .  

Reef s e c t i o n  2 had been damaged t o  a  g r e a t e r  e x t e n t  by the 
hur r icane  than s e c t i o n  1: the old r ee f  f l a t  was l a r g e l y  eroded, the 
reef  edge destroyed and i t s  Acropora-zo e  t o t a l l y  demolished. No 9 
c o r a l  colony surv ived ,  b u t  wi th in  136 m of the reef  f r o n t  84 young 
c o r a l  co lonies  had r e s e t t l e d .  The f i s h  fauna i s  much more 
p l e n t i f u l  than i n  s e c t i o n  1, both i n  numbers and i n  spec ies .  

Reef s e c t i o n  3  

Reef s e c t i o n  3  i s  s i t u a t e d  i n  the middle of the c e n t r a l  
d e s t r u c t i o n  zone of hurr icane "Bebe", 120 m SW of the small  j e t t y  
of Fongafale on Funafu t i  I s land .  I t  covers  the inne r  r ee f  of the 
lagoon s i d e  with a  length  of 120 m and a  breadth of 20 m westward. 
Poss ib ly  due t o  the eu t roph ica t ion  by sewage of the su r f ace  water ,  
which is  only s l i g h t l y  a g i t a t e d ,  a  t h i c k  l aye r  of the brown a lga  
Dictyota  b a r t a y s i i  ( ~ i g .  4 )  loose ly  covering the reef  f l a t  has 
developed. I t  l a r g e l y  conceals  the s e r i o u s  damage due t o  the storm 
and al lows only fragmentary i n s i g h t s  i n t o  the se t t l emen t  s t r u c t u r e s  
of t h i s  s ec t ion .  However, on a l g a - f r e e  c o r a l  rock a r e a s  along the 
reef  edge l a rge  numbers of young s tony c o r a l  co lonies  have 
r e s e t t l e d  (Table 3,  Fig. 12).  

Of a l l  the reef  s ec t ions  i n v e s t i g a t e d ,  s ec t ion  3  was h i t  the 
ha rdes t  by the hur r icane .  Aside from damage caused by hur r icane  
"Bebe", much of t h i s  a r e a  has been changed during World War 11. In  
a d d i t i o n ,  l a rge  a r e a s  of the reef  edge and the reef  s lope  a r e  
covered with dense a l g a l  ca rpe t s  t h a t  have probably r e s u l t e d  from 
eu t roph ica t ion  e f f e c t s  of sewage. Nowhere can uninjured surv iv ing  
s tony c o r a l s  be found; l i v i n g  f a v i i d  co lon ie s  can only be found i n  
l imi t ed  a reas .  However, 67 c o r a l  co lon ie s ,  mostly s p e c i e s  of 
Acropora, have r e s e t t l e d  on the alga-Sree a r e a s  along the  reef  
edge, covering an a r e a  of near ly  50 m . The occurrence of numerous 
herbivorous and de t r i  tophagous i i s h  spec i e s  l i k e  Acanthuridae, 
Chaetodontidae, Mullidae and Pomacentridae probably should be 
a t t r i b u t e d  t o  the mass population explosion of the a l g a l  s tocks .  

Reef s e c t i o n  4 

Reef s e c t i o n  4 ( ~ i g s .  5-7) extends eastward from the  NE end of 
t he  horseshoe-l ike i s l and  of Faufatu i n  the middle of the W s i d e  of 
the  a t o l l .  I t  runs f o r  a  length  of 120 m and a  maximum breadth of 
100 m through the inne r  reef  bu t  does n o t  reach the r ee f  edge. I n  
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s p i t e  of i t s  l o c a t i o n  fac ing  the path of hur r icane  "Bebe", the 
storm damage--apart from some overthrown colonies  of Acropora 
hyacinthus-- i s  minimal, because the s e c t i o n  i s  pro tec ted  by an 
ex tens ive  reef  platform located on i t s  E s ide .  This s e c t i o n  i s  
the re fo re  s u i t a b l e  f o r  comparison wi th  the g r e a t l y  damaged reef  
s e c t i o n s  1-3. Quan t i t a t i ve  i n v e s t i g a t i o n s  of surv iv ing  and 
r e s e t t l e d  young c o r a l  co lonies  were n o t  necessary. Because of the  
breadth of s e c t i o n  4 ,  i t  i s  d i f f e r e n t i a t e d  i n t o  a  no r the rn  ( N ) ,  a  
middle ( M ) ,  and a  southern (S) s t r i p  i n  Table 4  when necessary  
(Table 4, Fig. 12 ) .  

General ly  speaking, reef  s e c t i o n  4  i s  a  s u i t a b l e  example of an 
undamaged inne r  r ee f  with c h a r a c t e r i s t i c  c o r a l  assemblages and 
biophysiographic zones. The reef  edge with i t s  c o r a l  communities 
a t  a  d i s t ance  of more than 800 m could n o t  be reached by swimming 
because of the  s t rong  cu r ren t s .  However, a  s t rong  c u r r e n t  of 25 
cm/s a l s o  occurred wi th in  the shore channel,  and here  s i m i l a r  
assemblages, among o t h e r s  a  well-developed Acropora hyacinthus 
(Poci l lopora  eydouxi)-zone, have s e t t l e d .  Thei r  spec i e s  
composition should be comparable wi th  those of the former zones of 
reef  s e c t i o n s  2 and 3 befbre t h e i r  d e s t r u c t i o n  by the hur r icane .  
Fishelson (1973),  Loya (1976a) and Mergner (1981) have shown t h a t  
damage caused by man-made pe r tu rba t ions  and n a t u r a l  ca t a s t rophes  
w i l l  be g radua l ly  e rased  by regenera t ion  and r eco lon iza t ion  of the 
c o r a l  co lonies  i f  no f u r t h e r  pe r tu rba t ion  i s  added. Therefore ,  the  
expec ta t ion  t h a t  the  destroyed zones w i l l  g radual ly  r ega in  t h e i r  
former s t r u c t u r e  and spec ies  composition i s  a l s o  j u s t i f i e d  i n  t h i s  
case.  

Reef s e c t i o n  5 

Reef s e c t i o n  5  begins a t  the curved south s i d e  of the i s l e  of 
Faufatu,  250 m south  of reef  s e c t i o n  4. I t  covers  the o u t e r  reef  
with a  length  of 120-180 m and a  maximum breadth of 80 m t o  the SSW 
up t o  the su r f  zone (Table 5; Figs.  7 ,  12).  

This  reef  s e c t i o n  shows the t y p i c a l  zonation of the southwest 
P a c i f i c  ou te r  r e e f .  Because of the  s t rong  s u r f ,  reef  s lope  and 
fore- reef  could no t  be inspected.  The storm damage seems t o  be 
r e l a t i v e l y  small .  Thus, reef  s e c t i o n  5 i s  a  good comparison f o r  
the destroyed o u t e r  r e e f s  of the E s i d e  of the a t o l l .  

Reef s ec t ion  6 

Reef s e c t i o n  6 (Fig. 9) a l s o  belongs t o  the o u t e r  r e e f s  of the 
W s i d e  of the a t o l l .  It begins near  i t s  southern end on the  SW 
edge of the i s l e  of Tutanga and runs westwards f o r  150 m with  a 
breadth of 50 m t o  the upper reef  s lope .  Because of i t s  loca t ion  
on the l ee - s ide  of the path of hur r icane  "Bebe" and a t  the most 
extreme S edge of i t s  d e s t r u c t i o n  zone, the damage i s  minimal. The 
sur face  c u r r e n t  was very rapid (40 cmls) ,  bu t  the s u r f  of t h i s  reef  
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s i t e  was weak during the i n v e s t i g a t i o n  period.  Therefore ,  a . s h o r t  
s tudy of the c o r a l  assemblages i n  the reg ion  between reef  edge and 
f o r e  reef  was poss ib l e  (Table 6 ,  Fig. 12) .  

Reef s e c t i o n  6 shows a  c h a r a c t e r i s t i c  boulder zone: the l a rge  
c o r a l  blocks were apparent ly  thrown up by storm waves of former 
cyclones coming from wester ly d i r e c t i o n s .  They a r e  even c i t e d  i n  
David and Sweet (1904). The c o r a l  assemblages of the g r e a t l y  c l e f t  
r ee f  edge and the s t e e p  reef  s lope  with i t s  deep spurs  and grooves 
a r e  very d i v e r s i f i e d .  Both zones c h a r a c t e r i z e  t h i s  r ee f  s e c t i o n ,  
which combined wi th  the zonation of the reef  f l a t  i n  s e c t i o n  5 ,  
g ives  an approximate impression of the o r i g i n a l  appearance of the  
o u t e r  r e e f s  destroyed on the e a s t e r n  a t o l l  s ide .  

Reef s e c t i o n  7  

Reef s e c t i o n  7  (F igs .  9 ,  11) covers  160-200 m of the inner  
r e e f ,  i s  50-70 m wide and runs from the  SE corner  of the i s l e  of 
Tutanga towards the SE. J u s t  a s  o u t e r  reef  s ec t ion  6 ,  s e c t i o n  7  i s  
inf luenced by a  s t rong  sur face  c u r r e n t  of a t  l e a s t  25 cm/s flowing 
from the lagoon outwards t o  the open sea.  I n  s p i t e  of i t s  loca t ion  
a t  the S edge of the  des t ruc t ion  zone of hu r r r i cane  "Bebe", no 
se r ious  storm damage can be observed along t h i s  s e c t i o n .  Poss ib ly ,  
the  narrow south t i p  of the a t o l l  lagoon did n o t  provide a  long 
enough f e t c h  (only  1.5 km) with enough water ( i t  i s  ve ry , sha l low 
here)  f o r  the hur r icane  t o  bui ld  up l a r g e  enough waves t o  cause 
ex tens ive  damage. Sec t ion  7  thus g ives  the impression, j u s t  a s  
s e c t i o n  4, t h a t  i t  i s  an i n t a c t  i nne r  r e e f .  I t s  biophysiographic 
zonat ion,  however, d i f f e r s  i n  many r e spec t s  from t h a t  of s e c t i o n  4  
and a l l  o the r  i nne r  reef  s ec t ions  by the prevalence of m i c r o a t o l l s ,  
e s p e c i a l l y  of P o r i t e s  l u t e a ,  and by the  lack of a  c h a r a c t e r i s t i c  
reef  s lope (Table 7 ,  Fig. 12) .  

Seen a s  a  whole, s e c t i o n  7  i s  of l e s s  i n t e r e s t  f o r  a  
comparison be tween undes troyed and destroyed inner  r e e f s .  

Resul t s  of the q u a n t i t a t i v e  a n a l y s i s  of reef  s e c t i o n s  2 and 3 

A l l  the i nne r  and ou te r  reef  s e c t i o n s  inves t iga t ed  on the W 
and SW s i d e  of Funafu t i  a t o l l  (4-7) proved t o  be r e l a t i v e l y  
undamaged and gene ra l ly  s u i t a b l e  models f o r  comparison with the 
s e r i o u s l y  damaged r e e f s  of the E s i d e .  This  i s  e s p e c i a l l y  t rue  f o r  
s e c t i o n  4  a s  an  inne r  reef  and a  combination of s e c t i o n s  5  and 6  a s  
model of an o u t e r  r ee f  (Fig. 12) .  

Thus, the reef  f l a t  of o u t e r  r ee f  s e c t i o n  5 ,  wi th in  the a r ea  
of the abras ion  zone, the sh ingle  zone and the  a l g a l  r i dge ,  shows 
t y p i c a l  f e a t u r e s  of the zonation of SW P a c i f i c  a t o l l s .  I n  
a d d i t i o n ,  i t s  remaining co ra l  zone i n  the region bordering on the 
a l g a l  r i dge  i n d i c a t e s  the former ex i s t ence  of l a r g e  s tocks  of the 
Halimeda-Montipora foliosa-community. However, the boulder  zone on 
the  reef  f l a t ,  which i s  almost always p re sen t ,  i s  lacking i n  
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s e c t i o n  5 ,  bu t  we l l  developed i n  o u t e r  reef  s e c t i o n  6. The reef  
edge and upper r ee f  s lope  of t h i s  s e c t i o n  show the c h a r a c t e r i s t i c  
spec ies  composition of t h e i r  c o r a l  assemblages. Therefore ,  a  
combination of the  zonat ion of both s e c t i o n s  probably o f f e r s  a  t rue  
r ep re sen ta t ion  of the  sequence of zones on a  W ou t e r  reef  on 
Funafu t i  a t o l l .  Unfortunately,  t h i s  view could n o t  be compared 
with the p re sen t  a s p e c t  of the destroyed ou te r  r e e f s  on the E s ide .  
For d e t a i l s  of t h e i r  former a spec t  s e e  the con t r ibu t ions  of "The 
Ato l l  of Funafuti ' '  (1904) and f o r  the  s i t u a t i o n  immediately a f t e r  
the  hur r icane  s e e  Baines,  Beveridge and Maragos (1974). 

An impression of the l a t e r  r e s u l t  of the r eco lon iza t ion  of the 
e a s t e r n  inner  r e e f s  can be formed much more e a s i l y  by examining the - - - 
c o r a l  zones of western inne r  r ee f  s e c t i o n  4: these zones a r e  
charac te r ized  by Acropora humilis-hyacinthus and Poci l lopora  
eydouxi-communities, bu t  n o t  by massively growing f a v i i d s  and 
p o r i t i d s ,  which, i n  s p i t e  of e a r l y  regenera t ion  of the surv iv ing  
co lon ie s ,  a r e  l e s s  important a s  predominant spec ies  compared with 
Acropora and Poci l lopora .  I n  c o n t r a s t  t o  t h a t  of s e c t i o n  4 ,  the 
zoning of s e c t i o n  7  i s  l e s s  h e l p f u l  f o r  comparison with damaged 
inne r  reef  s e c t i o n s  2 and 3, because i t  is cha rac t e r i zed  by 
mic roa to l l  formations e s p e c i a l l y  of P o r i t e s  l u t ea .  Only i s o l a t e d  
a r e a s  of the immediate reef  edge a r e  s e t t l e d  by t y p i c a l  
Acropora-Pocillopora-communities. Conspicuous i n  both inne r  reef  
s e c t i o n s  of the  western s i d e  (4  and 7)  i s  the almost complete lack 
of macroalgae on the reef  f l a t ,  whereas on the inne r  r e e f s  of the 
e a s t e r n  s i d e  l u x u r i a n t  a l g a l  s tocks  have developed. 

A l l  t h r ee  r ee f  s ec t ions  inves t iga t ed  on the E s i d e  of Funafu t i  
a t o l l  must be considered a s  l a r g e l y  damaged by storm, wi th  the 
e x t e n t  of damage increas ing  from the nor thern  border ( r e e f  s e c t i o n s  
1 and 2) t o  the c e n t r a l  des t ruc t ion  zone ( s e c t i o n  3 ) .  An i n i t i a l  
comparison of the  th ree  sec t ions  shows t h a t ,  i n  the  northernmost 
s e c t i o n  a  number of massively growing P l e s i a s t r e a  co lon ie s  had 
indeed survived,  bu t  no new co lon iza t ion  was observed. On the  
o t h e r  hand, i n  the more souther ly  s e c t i o n s  2 and 3, no co lonies  
survived without  damage and only smal le r  regenera t ing  a r e a s  have 
a r i s e n ,  bu t ,  a t  t he  same time, numerous young co lon ie s  of d i f f e r e n t  
s i z e  have i n i t i a t e d  the f i r s t  phase of r eco lon iza t ion  (F igs .  13,  
14) .  Almost a l l  of these pioneer spec i e s  belong t o  Acropora, a  few 
t o  Poci l lopora  and P o r i t e s ,  and some t o  the f a v i i d s .  

In  o rde r  t o  v e r i f y  r e s u l t s  on spec i e s  composition, spec ies  
d i v e r s i t y ,  and s e t t l i n g  dens i ty  during the  f i r s t  phase of the 
r eco lon iza t ion ,  a  c a r e f u l  q u a n t i t a t i v e  a n a l y s i s  w i th in  the a r ea  of 
the reef  edge and the  c l o s e  reef  f l a t  of both s e c t i o n s  i s  
necessary. 

Reef s ec t ion  2 

Q u a n t i t a t i v e  s tudy of r eco lon iza t ion  i n  reef  s e c t i o n  2 ( ~ i g .  
13) cons is ted  s o l e l y  of enumerations and measurements of the  
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r e s e t t l e d  and r e g e n e r a t e d  a r e a s  o f  t h e  s c l e r a c t i n i a n s  w i t h i n  a  
s t r i p  8  t o  15 m wide behind t h e  r e e f  edge.  I n  t h i s  a r e a  of a b o u t  

2  136 m , f o r  r e a s o n s  o f  s i m p l i f i c a t i o n ,  a l l  h o l e s  and channe l s  w i t h  
sandy bottom o r  d e b r i s  were i n c l u d e d ,  a l t h o u g h  t h e s e  a r e  u s u a l l y  
n o t  co lon ized .  Thus,  t h e  a r e a  a c t u a l l y  co lon ized  should be reduced 
by a b o u t  25%. 

Within  t h e  a r e a  s t u d i e d ,  84 s t o n y  c o r a l  c o l o n i e s  were counted 
be long ing  t o  t h e  fo l lowing  genera  and s p e c i e s :  

Acropora ( c o r  bosa ,  h u m i l i s ,  h y a c i n t h u s )  67 c o l o n i e s  = 79.7% 
Gonias t r e + m i ~  12 c o l o n i e s  = 14.3% 
P l a t y g y r a  ( l a m e l l i n a )  1 colony = 1.2% 
P o c i l l o p o r a  (damicorn i s ,  eydouxi)  2  c o l o n i e s  = 2.4% 
P o r i  t e s  ( l u t e a )  2  c o l o n i e s  = 2.4% 

Sc l e r a c  t i n i a  84 c o l o n i e s  =100.0% 

I t  i s  p o s s i b l e  t h a t  some growth a r e a s  of G o n i a s t r e a  o r i g i n a t e  
from s e v e r a l  r e g e n e r a t i n g  segments o f  a  fo rmer ly  
uniform l a r g e r  co lony ,  b u t  t h i s  i s  n o t  l i k e l y  i n  t h e  c a s e  of an  
Acropora h u m i l i s  colony 30 cm i n  d iamete r .  A l l  remaining c o r a l  
heads  w i t h  s m a l l e r  d i a m e t e r s  may be cons idered  a s  young c o l o n i e s  
t h a t  s e t t l e d  d u r i n g  t h e  8  112 months a f t e r  t h e  passage of h u r r i c a n e  
"Bebe" and s i n c e  t h e n  have con t inued  t o  develop,  t o  r e a c h  v a r y i n g  
and o f t e n  c o n s i d e r a b l e  s i z e s .  According t o  t h e  t ime of s e t t l i n g  
t h e  fo l lowing  d i a m e t e r s  ( 0 )  and b a s e  a r e a s  of Acropora were 
determined : 

2 
6  c o l o n i e s  w i t h  up t o  2  cm 0 and 3 .1  cm2 a l t o g e t h e r  18.6 cm2 

14 c o l o n i e s  w i t h  2.5- 3  cm 0 and 7 .1  cm2' a l o g e t h e r  99.4 cm2 
2 ' 27 c o l o n i e s  w i t h  3.5- 5  cm 0 and 19.6 cm2, a l t o g e t h e r  529.2 cm2 

10 c o l o n i e s  w i t h  5.5- 8  cm 0 and 50.2 cm2, a l t o g e t h e r  502.0 cm 
2 8  c o l o n i e s  w i t h  8.5-10 cm 0 and 78.5 cm a l t o g e t h e r  628.0 cm2 

2 ' 1 colony w i t h  10.5-15 cm 0 and 176.6 cm2, a l t o g e t h e r  176.6 cm2 
1 colony w i t h  15.5-30 cm 0 and 706.5 cm , a l t o g e t h e r  705.5 cm 

67 c o l o n i e s  w i t h  a  s e t t l i n g  a r e a  o f  a l t o g e t h e r  2660.3 cm 2 

By c o n t r a s t ,  o n l y  12 young c o l o n i e s  o r  r e g e n e r a t i n g  segments of t h e  
2  mass ive ly  growing G o n i a s t r e a  i n h a b i t  4979 cm , a n  a r e a  twice  a s  

l a r g e  a s  t h a t  occupied by Acropora. The o t h e r  5  newly s e t t l e d  

c o l o n i e s ,  c o v e r i n g  528 cm2 ( P l a  tygyra  w i t h  314 cm2 , P o c i l l o p o r a  
2  w i t h  157 cm and P o r i t e s  wi th  57 cm ) a r e  l e s s  s i g n i f i c a n t  f o r  t h e  

r e c o l o n i z a t i o n  o f  t h e  r e e f  a r e a  a n a l y z e d ,  which t o t a l s  ca .  8168 
2  2  cm . Of 136 m of t h e  a r e a  concerned,  t h e  84 young c o l o n i e s  occupy 

o n l y  abou t  0.6%, which can be d i v i d e d  up a s  fo l lows :  
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2 Acropora wi th  67 co lonies  and 2660 cm a rea  amounts t o  0.20 % 

Goniastrea wi th  12 co lonies  and 4979 cm2 a rea  amounts t o  0.37 % 
.7 

Platygyra wi th  1 colony and 314 cmL a rea  amounts t o  0.02 % 
2 

Poci l lopora  wi th  2 co lonies  and 157 cm a r e a  amounts t o  0.01 % 

Por i  t e s  
2 

wi th  2 co lonies  and 57 cm a r e a  amounts t o  0.004% 

2 S c l e r a c t i n i a  wi th  84 co lonies  and 8168 cm a rea  amount t o  0.60 % 

Goniastrea r e t i f o r m i s  dominates a l l  o t h e r  c o r a l  spec i e s  
regarding i t s  sha re  of the s e t t l i n g  a r e a ,  bu t  is no t  dominant i n  
i t s  s i g n i f i c a n c e  f o r  the  f u t u r e  s t r u c t u r a l  and biophysiographic 
zonation. The Acropora spec i e s ,  wi th  t h e i r  67 young co lon ie s  
equal ly  d i s t r i b u t e d  over t h i s  reef  segment, a r e  much more important 
and w i l l  i n f luence  the l a t e r  appearance of the reef  edge and- the 
neighboring r ee f  platform. There a r e  two reasons f o r  t h i s :  f i r s t ,  
A C ~ O D O ~ ~  s ~ e c i e s  erow much more r a ~ i d l v  than the massive co lonies  
C *  - 
of Gonias t rea ,  and a r e  a l s o  a b l e ,  because of t h e i r  favorable  
d i s t r i b u t i o n ,  t o  roof over the a r e a  of s e t t l emen t  w i th in  a  
r e l a t i v e l y  s h o r t  per iod.  Therefore,  they a r e  a t  an advantage over 
a l l  the o t h e r s  i n  the  competi t ion f o r  space and l i g h t .  Second, 
they form a va r i ed  landscape with t h e i r  d i v e r s i f i e d  s t r u c t u r e s  
providing numerous hiding places and a  good food source a s  the 
biocenosis  f o r  many d i f f e r e n t  spec i e s  of reef  fauna. 

I t  can be assumed, and comparable observa t ions  from Red Sea 
c o r a l  r e e f s  (F i she l son  1973, ~ o y a  1976a, Mergner 1981) s u b s t a n t i a t e  
t h i s  assumption, t h a t  f u r t h e r  undisturbed development w i l l  r e s u l t  
i n  the  es tab l i shment  of an  Acropora humilis-hyacinthus-zone a s  the 
biophysiographic zone of the r ee f  edge and neighboring reef  f l a t ,  
such a s  found i n  o t h e r  reef  reg ions  of Funafut i  a t o l l ,  a s  i n  reef  
s e c t i o n  4 f o r  example (Fig. 7 ) .  

Reef s e c t i o n  3 

In  reef  s e c t i o n  3 ( ~ i g .  14 ) ,  a l l  newly-set t led and 
regenera t ing  s tony c o r a l s  were a l s o  enumerated, measured and 
exac t ly  marked on underwater maps. However, here  only a  narrow 
s t r i p ,  2.5 m wide on the average along the reef  edge, could be 
mapped, because l a r g e  reef  a r e a s  were covered by c a r p e t s  of the 
brown a lga  Dictyota  b a r t a y s i i  ( ~ i g .  4 ) ,  and a l l  new-set t led stony 
c o r a l  co lon ie s  were fouqd only on a l g a l - f r e e  c o r a l  rock. I n  the 
t e s t  a r ea  of about  50 m L ,  67 young co lon ie s  were found belonging to  
the following genera (wi th  spec i e s  names): 

Acropora (humi l i s ,  hyacinthus,  pulchra e t c . )  50 co lon ie s  = 74.6% 
Faviidae (Favia ,  Gonias t r e a  e  t c r  7  co lon ie s  = 10.5% 
~ o c i  1 l o p o r ~ m i c o r n i s ,  e ~ d o u x i )  7  co lon ie s  9 10.5% 
P o r i t e s  ( l u t e a )  3  co lon ie s  = 4.4% 

Sc le rac  t i n i a  67 co lonies  =100.0% 
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Only one f a v i i d  colony can be assumed t o  be newly s e t t l e d ,  the 
o t h e r  6  a r e  r egene ra t ing  p a r t s  of a  former l a r g e r  colony. Such an  
o r i g i n  can a l s o  be assumed f o r  one P o r i t e s  l u t e a  colony and 
poss ib ly  one f o r  Acropora colony wi th  a  diameter of 20 cm. A l l  the 
o t h e r  c o r a l  heads a r e  young co lon ie s  t h a t  have s e t t l e d  s i n c e  the 
passing of hu r r i cane  " ~ e b e " .  The fol lowing diameters  (0 )  and base 
a r e a s  corresponding t o  the time of s e t t l i n g  have been a sce r t a ined  
f o r  Acropora: 

2 3  co lonies  wi th  up t o  1 cm 0 and 0.8 cm , 
2 9  co lon ie s  wi th  1.5- 2  cm $ and 3.1 cm , 

16 colonies  wi th  2.5- 3  cm 0 and 7.1 cm 
14 co lon ie s  wi th  3.5- 5  cm 0 and 19.6 crn 

2 ' 
2 co lonies  with 5.5- 8  cm 0 and 50.2 cm 2 ' 
4 co lon ie s  wi th  8.5- 10 cm $ and 78.5 cm 2 ' 
1 colony wi th  10.5- 15 cm 0 and 176.6 cm 2 ' 

2 ' 1 colony wi th  15.5- 20 c m 0  and 314.0 cm , 

a 1  toge the r  

a  1 toge ther  

a 1  toge t h e r  
a 1  toge t h e r  
a 1  toge t h e r  
a 1  toge t h e r  
a 1  toge t h e r  
a 1  toge t h e r  

50 co lonies  wi th  a  s e t t l i n g  a rea  of a l t o g e t h e r  1323.2 cm 2 

By c o n t r a s t ,  only 6 regenera t ing  and one young f a v i i d  colony 
cover an a r e a  of 7870 cm2, which is  nea r ly  6 times more than 
Acropora; P o r i t e s ,  which a l s o  grows massively,  w t h  only one 4 
regenera t ing  and 2 young co lon ie s ,  covers  648 cm , which i s  ha l f  
t h a t  o  cupied by ~ c r o ~ o r a .  The branched c o r a l  ~ o c i l l o ~ o r a  claims 5 
563 cm f o r  7  young co lonies .  Thus, the toka l  a r ea  recolonized by 
c o r a l s  amounts t o  10403 cm". Based on 50 m L  of the reef  a r e a  
analyzed along the reef  edge, the r eco lon iza t ion  involves  about 2%, 
which can be d iv ided  up a s  follows: 

Acropora 2 wi th  50 co lonies  and 1323 cm a rea  amounts t o  0.26% 

Faviidae 2 wi th  8 co lonies  and 7870 cm a rea  amounts t o  1.57% 
2 Poci l lopora  wi th  7 co lonies  and 563 cm a rea  amounts t o  0.11% 

P o r i  t e s  2 wi th  3 co lonies  and 648 cm a r e a  amounts t o  0.13% 

I n  reef  s e c t i o n  3 i t  is much more ev ident  than i n  reef  s e c t i o n  
2 t h a t  the a r e a  covered by the massive s tony c o r a l s  (Favia ,  
Gonias t rea ,  P o r i t e s )  i s  much l a r g e r  than t h a t  covered by the 
branched c o r a l s  (Acropora, ~ o c i l l o p o r a ) .  But r ega rd l e s s  of t h i s  
f a c t ,  the l a t t e r  c o r a l s  w i l l  d e f i n i t e l y  inf luence  the f u t u r e  
s t r u c t u r a l  and biophysiographic zonat ion of the reef  edge. The 
r a p i d l y  growing Acropora spec i e s  w i l l  soon predominate i n  t h i s  reef  
a r e a  both numerical ly  and physionomically and toge ther  with 
Poci l lopora  w i l l  bu i ld  up a  va r i ed  biocenosis  f o r  a  reef  fauna r i c h  
i n  spec i e s  and numbers. A condi t ion  favoring t h i s  is  the h igh  
i n i t i a l  s e t t l i n g  d e n s i t y  along the reef  edge i n  s e c t i o n  3: on each 
square meter of f r e e  c o r a l  rock 1.14 young co lonies  of branched 
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c o r a l s  s e t t l e ,  compared t o  only 0.5 co lonies  i n  reef  s e c t i o n  2.  I t  
cannot be proved t h a t  t h i s  i s  due t o  the reduced amount of f r e e  
s e t t l i n g  a rea  r e s u l t i n g  from the unusual p r o l i f e r a t i o n  of a lgae .  
With f u r t h e r  undisturbed development, an Acropora humil is-  
hyacinthus-zone o r  a  mixed Acropora-Pocillopora-zone, w i l l  a l s o  
develop i n  s e c t i o n  3  a s  the biophysiographic zone of the reef  edge 
and neighboring reef  platform. Es t imates  d i f f e r  a s  to  the time 
requi red  f o r  t h i s  development. However, f u r t h e r  damage caused by 
new storms and/or  by man's in f luence  may change o r  de lay  o r  even 
prevent  t h i s  evolu t ion .  

Conclusions 

1. The geomorphological a l t e r a t i o n s  of l a rge  p a r t s  of Funafu t i  
a t o l l  caused by hur r icane  "Bebe" have been descr ibed by Baines, 
Beveridge & Maragos (1974). Here some reef  s e c t i o n s  destroyed on 
the E s i d e  a r e  compared with undestroyed s e c t i o n s  on the W and SW 
s i d e ,  and the  f i r s t  phase of the r eco lon iza t ion  of two r ee f  a r e a s  
by s tony c o r a l s  i s  analyzed. 

2. The e x t e n t  of the damage t o  the r ee f  s ec t ions  s tudied  can be 
a sce r t a ined  by the  a l t e r a t i o n s  of t h e i r  s t r u c t u r e  and biophysio- 
graphic  zonation: i t  inc reases  from the nor thern  border  zone of the 
cyclone ( r e e f  s e c t i o n s  1 and 2) t o  the  c e n t r a l  d e s t r u c t i o n  zone 
where s e c t i o n  3 ,  c l o s e  t o  Fongafale,  had been most i n t ens ive ly  
s t ruck .  Wide a r e a s  of i t s  devas ta ted  reef  f l a t  a r e  covered by 
th ick  c a r p e t s  of the  brown a lga  Dictyota  b a r t a y s i i  poss ib ly  because 
of eu t rophica t ion .  

3. Quan t i t a t i ve  ana lyses  i n  destroyed reef  regions 2 and 3, show 
t h a t  r eco lon iza t ion  by s c l e r a c t i n i a n s  i s  a  r e s u l t  of regenera t ing  
segments of the few surviving massive c o r a l  co lonies  and of newly 
s e t t l i n g  branched c o r a l s .  Among them Acropora humil is  and A. 
h  ac in thus  (and wi th  r e se rva t ions  a l s o  A. corymbosa, formosF and 
h n d  Poci l lopora  eydouxi a r e  e s p e c i a l l y  p r o m i ~ c r o p o r a  
comprises 79.7% ( s e c t .  2) t o  74.6% ( s e c t .  3)  of the number of a l l  
young co lonies ,  Poc i l lopora  2.4% ( s e c t .  2) t o  10.5% ( s e c t .  3 ) .  
However, the massive growth spec i e s  outweigh the branched c o r a l s  
with r e spec t  t o  percentage of a r e a  s e t t l e d ;  the massive growth 
spec ies  occupy 0.4% t o  1.7% of the  e n t i r e  a r e a ,  while  the  branched 
c o r a l s  occupy only 0.2% t o  0.4%. 

4. In  s p i t e  of t h i s ,  the branched c o r a l s  w i l l  have a  d e c i s i v e  
inf luence  on the f u t u r e  s t r u c t u r a l  and biophysiographic zonat ion of 
the reef  edge and the  neighboring reef  f l a t .  This  is  ind ica t ed  by 
the f a c t  t h a t  t h e i r  young co lonies  a r e  much more numerous and 
evenly d i s t r i b u t e d  over  the a r ea  t o  be s e t t l e d  and by t h e i r  l a rge  
i n i t i a l  s e t t l i n g  d e n s i t y  (0.5 t o  1.14 young co lon ie s  f o r  each 
square meter of f r e e  c o r a l  rock a r e a ) .  This  i n i t i a l  advantage and 
t h e i r  more r ap id  growth r a t e  causes them t o  form a  va r i ed  c o r a l  
landscape wi th in  a  r e l t i v e l y  s h o r t  per iod of time with d i v e r s i f i e d  
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hiding places and food sources providing niches for a reef 
biocenosis rich in species and numbers. 

Thus, it is predicted (as in comparable structures in Red Sea 
coral reefs) by the indicator species present, that with further 
undisturbed development, an Acropora humilis-hyacinthus-assemblage 
or an Acropora-Pocillopora eydouxi-community will develop into the 
future biophysiographic zone of the reef edge and the neighboring 
reef flat. 
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Fig .  2 .  Approach f l i g h t  t o  F u n a f u t i  a t o l l .  A e r i a l  photograph 
from s o u t h .  L o c a t i o n  of  s e c t i o n s  6 and 7 below t o p  of  
p r o p e l l e r .  

F i g .  3. Tengako I s l a n d ,  l agoon-s ide .  View from SSE t o  Amatuku 
I s l e  (middle background) and t h e  l o c a t i o n  of r e e f  sec -  
t i o n  2  (middle f o r e g r o u n d ) .  

F ig .  4 .  F u n a f u t i  I s l a n d ,  l agoon-s ide .  The d e s t r o y e d  r e e f  edge 
of r e e f  s e c t i o n  3, 120 m s o u t h  from t h e  j e t t y  of  
F o n g a f a l e ,  covered by t h i c k  l a y e r s  of D i c t y o t a  b a r t a y s i i .  

F i g .  5. F u a f a t u  I s l a n d ,  l agoon-s ide .  I n n e r  r e e f  a t  t h e  NE-end 
w i t h  r e e f  s e c t i o n  4 .  P a r t s  of t h e  Mont ipora  f o l i o s a -  
zone (middle)  w i t h  Acropora h y a c i n t h u s  (above l e f t ) ,  
G o n i a s t r e a  s p . ?  ( l e f t )  and P o c i l l o p o r a  eydouxi  (below 
r i g h t )  . 

F i g .  6 .  F u a f a t u  I s l a n d ,  r e e f  s e c t i o n  4 .  Reef f l a t  w i t h  t h e  
wel l -developed P o c i l l o p o r a  eydouxi-zone. 

F ig .  7 .  F u a f a t u  I s l a n d ,  r e e f  s e c t i o n  4 .  Crevasses  i n  t h e  r e e f  
f l a t  w i t h  t h e  Acropora h y a c i n t h u s  - P o c i l l o p o r a  eydouxi-  
zone.  
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Fig.  8. F u a f a t u  I s l a n d ,  SE-side. Outer r e e f  w i t h  r e e f  s e c t i o n  
5. Former l i v i n g  r e e f  p l a t f o r m  w i t h  extended Montipora 
f o l i o s a - c r u s t s  (middle)  and dense  Halimeda-stocks (above,  
r i g h t ) .  

F i g .  9. F u n a f u t i  a t o l l ,  south-end w i t h  t h e  l o c a t i o n  of r e e f  
s e c t i o n s  6 and 7 ( s e e  a r rows)  n e a r  Tutanga I s l a n d .  
A e r i a l  photograph from wes t .  

F i g .  10.  Tutanga I s l a n d ,  o u t e r  r e e f  a t  t h e  SW-side. Boulder zone 
of r e e f  s e c t i o n  6 w i t h  l a r g e  b o u l d e r s  thrown by cyc lones  
from w e s t e r n  d i r e c t i o n s  o n t o  t h e  r e e f  f l a t .  View from 
WNW. 

F i g .  11. Tutanga I s l a n d ,  i n n e r  r e e f  a t  t h e  SE-side w i t h  l o c a t i o n  
of r e e f  s e c t i o n  7 (middle r i g h t ) .  View from NW. 
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coral rock coralsand beach rack Podlopora Arropora Faviidae Mi l lepo~a Monlipo~a alqae 
+ debrjr eydouri hyavnthur Poriks pbfyphylla 

t ~ o r p b o r a  Helropota drrhotoma 

Funafuti Atoll 
Diagrams ( cross sections ) of the 7 reef sites investigated f9.12 

s c a l e s  : h o r t z o n t a l  7 : 7000 v e r t i c a l  1 : 5 0 0  
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0 0 3  Goniastrea ( 3  = diameter in cm) Funafuti Atoll 
Acropora coral rock 

Recolonization o f  the  reef platform in section 2 

@ Pocillopora on fhe  north end o f  Tengako, 
C] cord/ s a n d  in Yuly, 1973, 8% months after hurricane 'Bebe' 

@ Platygyra 
0 ! 2 3 4 ; 

1"_1 coral debris 
- 0 Porites . 1,s depth in meters 

fig. n 
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Funafuti Atoll 
Recolonization of the reef platform in secfion 3 near Fongafale, 

in 7uly, 1973, 8Y2 months after hurricane 'Bebe' 

0 7 2 3 4  5 m Scale: t I 

1,2 depth in meters 
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Table 1: Zonation a n d  reco lon iza t ion  of reef sect ion 1 

Reef zone; length Structures and Flora a n d  fauna (selection); 
and depth in m biophysiographic zones coral recolonizat ion 

Tide zone and 
shore channel: 
length 15 - 25 rn, 
at 25 rn, depth 1 m 

Abraded reef f lat:  
length 110 - 150 m, 
depth 1 - 2 rn; 

at 25 - 50 rn: 
at 70 m : 
at 75 - 125 m: 
at 100 - 150 m: 

Former l iv ing 
reef  platform: 
length 10 - 25 m, 
depth 2 - 3 m; 
a t  135 - 160 rn: 

Reef edge and 
reef slope: 
a t  160 m, depth 4 m 

Upper fore reef: 
from 160 - 180 rn 
outwards, 
depth 4 -  6 rn 

Coral sand and coral debris 
on greatly cleft beach rock: 
Ectocarpaceae - zone 

Sparsely j o i n t e d  
abrasion zone wi th mud, 
sand and debris: 

Chlorodesrnis - zone 
Valonia - zone 
Halimeda - zone 
Caulerpa - zone 

Dead coral rock f la t  
with coral debris; 
single living massive corals: 

Plesiastrea - zone 

Roughly cleft coral rock 
without preserved 
f ine structures : 
Caulerpa - Plesias frea - zone 

Coral f i ne  sand with plains 
o f  coral rubble 

Filamentous algal lawn; 
aside from a f ew  Paguridae 
no visible fauna 

f ish As ide from some species o f  
no rnacrobenthic fauna 
and only poor algal growth 
in biophysi ographic zones: 
25 % Chlorodesmis fastigiata, 
single Valonia venfricosa, 
1 % Halimeda opunfia, 
5% Caulerpa racetnosa occidenfalis 

A few surviving massively growing 
coral colonies i n  a zone o f  25 rn 
along t h e  r e e f  edge:  
9 colonies of Plesiastrea (verslpora ?) 
and 1 of Goniastrea retiformis, 
each with 0.2 - 0.5 rn @; 
no coral recolonizat ion 

Aside from a few  species o f  f ish 
no macrobenthic fauna and only 
1 - 5 % Caulerpa racemosa occidentalis; 
no coral recolonizat ion 

Only 7 surviving colonies 
of Plesiasfrea near the  ree f  slope, 
very few benthic f i s h  species 
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T a b l e  2 : Z o n a t i o n  a n d  r e c o l o n i z a t i o n  of  r e e f  s e c t i o n  2 

Reef zone; length Structures and  Flora and  f a u n a  (select ion) ;  
and depth in m biophysiographic zones coral  reco lon i za t i on  

Tide zone a n d  
shore channel : 
length  5 - 10 m, 
depth 0.5 rn 

Abraded reef flat: 
length loo  m, 
at 20 -40 m, depth 1-2  rn; 

at 50 -90  rn: 

Former l i v i n g  
ree f  platform: 
length  15 - 20 m, 
depth 1.5 - 3 rn 

a t  120 - 140 rn: 

Reef edge and 
reef slope: 
a t  140m, depth 3 - 4 m  

Upper fo re  ree f :  
from 140 rn outwards, 
depth 3 - 5 m 

Coral sand and coral debris 
o n  greatly c lef t  beach rock: 
Ectocarpaceae - zone  

sparsely jo in ted ,  
largely eroded and partly muddy 
abrasion zone with f la t tened 
surface and small algal stocks: 
Vasurn - Caulerpa - zone 

Dead coral rock f la t  without 
f ine  structures and mud, 
but roughly divided into blocks 
and channels w i th  debris: 

Acropora humilis - hyacinthus - 
zone 

Tabular Acropora - colonies 
overthrown by storm waves 

Coral sand wi th mud  
and some coral rubble 

Aside from a f e w  Paguridae 
no visible macrobenthic fauna; 
fi lamentous algal lawn: 
Ectocarpaceae a n d  others 

Sparse macrobenthic mobile fauna: 
only 1 living Conus species 
and many Vasurn furbinellurn; 
algal growth:  Bryopsis pennata and 
Caulerpa racemosa occidentalis 

No surviving coral colonies, 
but numerous resett led 
young colonies o f  Acropora spp., 
some of Pocillopora, Porites, 
Goniasfrea and  Platygyra, 
al together 84 young colonies 
within an area of 136 m"  

Rich fish fauna, 
locally 1 hydroid species 
along the reef edge 

More than 50 fish species: 
many Acanthur idae a n d  
Chaetodontidae, but no Scaridae 
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Table 3 :  Zonation a n d  reco lon i za t i on  o f  reef sect ion 3 

Reef zone; length Structures a n d  Flora and fauna (select ion); 
and depth i n  m biophysiographic zones coral recolonizat ion 

Tide zone, 10 rn, 
shore channel: 
length 20 m, 
depth 0.3 m 

Abraded (reef f l a t :  
length 80 - 100 m, 
depth 1 - 1.5 m 

Former l iv ing 
reef platform: 
length 15 - 20 m, 
depth 1 -  1.8 m 

Reef edge and  
ree f  s lope:  
at 120 rn, depth 3 rn 

Upper fore reef: 
from 120 m outwards, 
depth 3 - 3.5 m 

Coral rock blocks, 
muddy coral sand with rubble: 
Paguridae -zone 

flattened, muddy abrasion zone, 
only part ly visible due to  
algal cover, par t l y  w i t h  
coarse rubble and serious 
damages: 
Dictyota bartaysi i  - zone 
(Fig.4)  

Largely eroded and flattened, 
slightly muddy coral rock area, 
covered to 75% with Dictyota 

Broken coral rock zone, 
s l igh t ly  muddy without f i n e  
structures, 
covered to 50 % with Dictyota; 
overthrown Acropora spp.: 
Acropora - Pocillopora -zone 

Largely muddy coral sand 
with coral debris 

Aside from a f e w  Paguridae 
only sparse macrobenthic fauna; 
almost no macroalgae 

Flourishing algal stocks: 
mainly Dictyota bartaysii, 
addi t ional ly  Caulerpa racernosa 
occidentalis, Halirneda macroloba, 
Halirneda opun t i a  a n d  
Udothea or ienta l is  ; 
herbivorous macro fauna : 
Holothuria leucospi lota, 
Acanthur idae a n d  others 

A few gastropods, 
some Holothuria leucospilota, 
many herbivorous f ishes: 
Acanthuridae, Chaetodontidae, 
Pomacentridae ( ?  

Sparse algal stock; no surv iv ing  
coral colonies, b u t  numerous 
reset t led  young colonies, usually 
Acropora spp. + Faviid -regenerates, 
altogether 67  young colonies 
within 5 0  m2 and 2.5 m breadth 
along the  reef edge 

Very rich fish fauna : 
especially Acanthur idae and 
Mullidae, but no Scaridae 
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Table 4: Zonat ion a n d  recolonizat ion o f  reef section 4 

Reef zone; l eng th  Structures and Flora a n d  fauna  (select ion); 
and depth in  m b iophys iograph ic  zones  coral reco lon iza t ion  

Tide zone: I S )  Coral rubble on beach rock, Few visible macrobenthic fauna; 
length  10- 15 m ( N )  eroded beach rock plates no macroalgae 

Shore channel : Coral sand with fine No macroalgae, a f ew  fishes; 
length 2Om, coral debris,(S) a r e a s  o f  (5) Acropora formosa - (g roup)  
depth 0.5 - 1 rn; l iv ing branched corals 
strong longreef 
current :  15 rn/rnin. 

Reef f la t :  Abraded coral rock flat, ( 5 )  dense barr ier  of 
length  loom, on it l iv ing coral zones: Acropora formosa - ( group 1, 
depth I - 1 . 5  rn ( S )  Acropora formosa - zone, (MI  Montipora foliosa, 

(MI Montipora foliosa -zone colonies up to 2 rn 0 ( Fig. 51, 
( Fig. 51, (N 1 Pocillopora ( N  ) dense stock o f  Pocillopora 
eydouxi - zone ( Fig. 6 eydouxi (Fig. 6 ) with some 

R damicornis, Acropora hutni l is 
and Millepora dichotoma 

depth 1.5 - 2 rn, In the coral rock flat, 
holes up to 4 rn deep crevasses up to l o -  15 m long, 

varying in depth, wi th f i ne  
coral sand; a long the r ims 
branched corals, on the 
floor massive stony corals: 
Acropora hyacinthus - 
( Pocillopora eydouxi)-zone 
( Fig. 7 1 

(5 1 dense barrier of 
Acropora hyac in thus  I Fig. 7 1, 
colonies up to 1.5 m@, with less 
A.corymbosa and A. humil is,  
(N) Pocillopora eydouxi, 
in the crevasses Favia, Favifes, 
Gonias frea, P les ias  t rea  
( versipora ? I  and Porites (lutea ?) 

Reef edge : more than 800 m away ( impossible to  reach) 
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Table 5 : Zonation and recolonization of reef section 5 

Reef zone; l eng th  Structures a n d  Flora a n d  f a u n a  (se lec t ion ) ;  
and depth i n  m biophysiographic zones cora l  reco lon iza t ion  

Tide zone : Coral rubble on beach rock, Aside from a few Paguridae 
leng th  10 - 20 rn ( S W )  beach rock p la tes no visible macrobenthic fauna  

Abraded lreef f lat: Abrasion zone: sharp -  edged, Chlorodesmis fastigiata 
l eng th  50 - 80 rn eroded  coral rock and L i thothsmnion sp. 

a t  30 m, dep th  0.5 rn Chlorodesmis - zone Very few Pagurids and  
Gastropods, a f e w  fishes 

l eng th  20 - 30  m, Shingle zone: coral debr i s  f i fhothamnion sp., Porol i thon sp., 
depth 0.3 - 0.7 rn encrusted with calcareous Porites l u t e a  ( ? I ,  

red algae on  largely eroded some Gastropods, a few fishes 
coral rock, f ew  l iv ing corals: 
Porol i thon - zone 

Former  l i v i ng  
ree f  p l a t f o rm :  
length 20-40m, 
depth 1 - 1.2 m 

Rest of the formercoral zone: Green algae: 4 Halimeda species 
l iving coral assemblages ( H. cylindracea, discoidea, macroloba, 
largely reduced by storm opunt ial  and Udo thea or iental is ; 
damages, wi th  overthrown surviv ing corals : A cropora humi l i s  
Acropora - umbrellas and green and hyacinthus, Goniastrea, Favia, 
algal growth: Halimeda - Montipora fol iosa -c rus ts  (Fig.81, 
Montipora - zone (Fig. 8 )  Plesiastrea ( versipora ? ), 

Pocillopora damicornis + F! eydouxi, 
Mi l lepora sp.; reco lon izat ion:  
a f e w  young Acropora - colonies 

Algal r i d g e :  Typical a lga l  r i dge :  m in ima l  As ide  from Li thothamnion and  
l e n g t h  30  m, darnage,coral rubblecemented Porol i thon no macroalgae; 
d e p t h  0.8 - 1 m with calcareous red  algae no l iv ing corals, a f e w  f ishes 

Reef  edge w i th  t h e  s u r f  zone a n d  t he  r ee f  s lope with i t s  spurs and  grooves 
110 - 200 m away were not possible to reach d u e  to  the breakers 
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Table 6 : Z o n a t i o n  and reco lon iza t ion  o f  reef sect ion 6 

Reef zone; leng th  St ructures a n d  F lora a n d  f a u n a  ( s e l e c t i o n ) ;  
a n d  depth i n  rn b i ophys i og raph i c  zones  cora l  r e c o l o n i z a t i o n  

Tide zone :  
l e n g t h  10 - 15 rn 

Abraded reef  f lat: 
l eng th  r oo -  150 m, 
at 20 m, depth 0.5 - 1 m 

at 30 m, depth 0.8- 1.5 m 

at 50-80m, depth 1m 

rapid surface current 
(40 c m / s )  outwards 

Reef edge at 100 m 
and upper fore reef: 
l e n g t h  30m, 
dep th  3 - 5 rn; 
strong surface current 
(30crn/s) outwa rds 

a t  depth 3 - 5  m :  

a t  depth 5 - 10 rn: 

Coral rubble, b u t  no  beach 
rock 

Abras ion zone  : 
f l a t tened ,sharp -  e d g e d  
e r o d e d  c o r a l  rock  p l a i n  
w i t h o u t  f i n e  s e d i m e n t  

Bou lder  zone (Fig. 10): 
boulders  o f  up to  2 m  (a 
t h r o w n  by t he  storm on to  
the  co ra l  rock 

A lga l  r i dge :  coral  debris 
cemen ted  w i t h  calcareous 
red algae: 
Porolithon - zone 

Reef edge  l a rge l y  c le f t  by  
s u r f  eros ion a n d  se t t l ed  
by  b ranched  corals; 
spurs a n d  g rooves  
l e a d  to deep canyons 
w i th  p lent i fu l  l ive: 

Pocillopora - Mil lepora 
p la typhy l la  - zone, 
Acropora corymbosa - 
A .  humi l i s  - zone, 
Millepora dichotoma - zone 

Aside f rom a f e w  Pagur idae 
no vis ible rnacrobenthic f a u n a  

No rnacroalgae;  on ly  a f e w  
Gastropods,  crabs and  f i shes  

On the  coral blocks only 
b lue algae a n d  Gastropods, 
s ing le  f ishes benea th  the blocks 

No rnacroalgae, only Porolithonsp. 
and Li thothamnion sp.; 
as ide from f ishes 
no vis ible macrofauna 

Outwards increas ing numbers of 
coral co lon i  e5 : 
2 species o f  Pocillopora 
and plenty of  Millepora plafyphylla, 
then numerous Acropora humil is 
and  A. coryrnbosa, 
single A. hyacinfhus and  dense 
barriers of Millepora dichotorna ; 
f i s h  fauna rich in species + numbers 
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Table 7 :  Zonation and reco lon izat ion of r e e f  sec t ion  7 

Reef z o n e :  l e n g t h  S t ruc tu res  a n d  F lora a n d  f a u n a  ( s e l e c t i o n ) ;  
a n d  d e p t h  i n  rn b i o p h y s i o g r a p h i c  zones co ra l  r e c o l o n i z a t i o n  

T ide z o n e :  
l e n g t h  10 m 

Abraded reef f la t :  
length 100 - 130 rn, 
a t  30m, depth 1 rn 

at 40 m, depth 1 - 2  m 

at 70 m, depth 2 - 3  m: 
strong surface current 
( 2 5  cm/s) outwards 

Living reef platform: 
length 5 0 -  100 m, 
depth 3 - 5 m; 

at 125 rn, depth 3 - 4  m, 

at 150-zoom, depth 4-5 m 

Ree f  e d g e :  
a t  170 - 200 m; 
o n l y  5 - 8 rn 
of v i s i b i l i t y  

No beach  rock, coarse 
coral  rubble w i th  sand  a reas  

Abras ion zone: 
f lattened, sharp- edged, 
muddy  coral rock 

Microatol l  zone:  
numerous microatol ls cover  
10 - 30% : Porites l u t e a  - zone  

Single p la ins o f  coral debr is  
be tween bigger rnicroatol ls:  
Por i tes - Udo thea  - zone  

Pillar zone: coral rock plain 
with big microatolls, 
towards the southeast 
increasingly divided into 
pillars densely settled by 
l i v ing  corals; 
between them sand floor 
wi th  mud and  f ine debris: 
Heliopora - Porifes - zone, 

Pocillopora - Mi l lepora 
d icho toma - zone, 
Poci l lopora - Acropora 
h y a c i n t h u s  - zone 

Aside f rom a f e w  Paguridae nea r l y  
no  v is ib le  macroben th ic  f auna  

No rnacroalgae; 
only a few macrobenthic 
fauna l  species a n d  fishes 

Microatol ls o f  Por i fes lu tea  ( a )  
u p  t o  a n  h e i g t h  o f  0.2 m, 
many o f  them dead a n d  muddy  

A side from Porites lufea 
udothea or ienta l is  and 
Lithothamnion, addit ional ly single 
Mi l lepora dichotoma and 
Acropora hyac in  thus; a few f i shes  

Microatolls of Heliopora coerulea 
with up to 2.5 rn IZ) and o f  
Porites lu tea with up t o  5 rn @ 

Pillars with Pocillopora eydouxi 
and Millepora dichotoma 

Pillars w i t h  Pocil lopora and  some 
Acropora spec ies  ( coryrnbosa, 
formosa, humilis and hya cinthus, 
the la t ter  w i th  umbrel las 
o f  up to  3 m @ )  

Some Conus - species a n d  Tridacna, 
only a few f ish spec ies  
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