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T he abnorm ally high surface tem peratures in the world’s 
oceans during 1997 /1998  resulted in w idespread coral 
bleaching and subsequent coral m ortality . An experim ent 
was performed to study the effects o f  this coral m ortality  
as well as the influence o f  the structural com plexity  on fish 
com m unities on a T anzanian coral reef. C hanges in fish 
com m unities were investigated on plots o f  transplanted  
corals after 88%  o f these corals had died. A  d istinct shift 
in fish com m unity com position w as found, although di­
versity was not affected. Fish abundance rose by 39%  
m ostly  due to an increase in herbivores, which seem ed to 
benefit from enhanced algal grow th on the dead corals. 
Fish abundance, species diversity and com m unity com po­
sition  were also strongly influenced by the structural 
com plexity  provided by the live and dead corals. This 
suggests that a coral reef can support abundant and di­
verse fish populations also after the corals have died as 
long as the reef structure is sustained. ©  2001 E lsevier 
S cien ce  Ltd. A ll rights reserved.
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Introduction

In  1997 a n d  1998 c o ra l reefs a ro u n d  th e  w o rld  suffered  
th e  m o s t ex ten s iv e  a n d  severe  b le a c h in g , a n d  s u b s e q u e n t 
c o ra l m o r ta l i ty , k n o w n  to  d a te  (IS R S , 1998; S tro n g  e t 
a l., 1998; W ilk in so n , 1998). T h is  ev e n t w as c o rre la te d  
w ith  e lev a ted  sea  su rface  te m p e ra tu re s  o fte n  re a c h in g  3 -  
5 °C  a b o v e  n o rm a l. D u e  to  th e  d is tu rb a n c e  c o ra ls  lo s t 
th e ir  sy m b io tic  a lg ae , w h ich  g ive th e m  th e ir  c o lo u r  a n d  
su p p ly  th e m  w ith  n u tr ie n ts . S o m e  c o ra ls  re c o v e re d  fro m  
th e  b le a c h in g , b u t  in  m a n y  re g io n s , e sp ec ia lly  in  th e  
In d ia n  O cean , th e re  w ere  ree fs  th a t  h a d  a  c o ra l m o r ta l ity  
u p  to  9 0 %  (W ilk in so n , 1998). S u ch  losses w o u ld  be 
e x p e c te d  to  h av e  p ro fo u n d  effec ts o n  th e  c o ra l re e f

"“C o rre s p o n d in g  a u th o r .

ecosystem . F ish  a ss o c ia te d  w ith  reefs d e p e n d  o n  co ra ls  
fo r  fo o d  a n d  sh e lte r  (B o u c h o n -N a v a ro , 1986; C a lcy  an d  
S t. Jo h n , 1996; H ix o n  a n d  B ee ts , 1993; M u n d a y  e t al., 
1997); h ence  c o ra ls  affec t im p o r ta n t  p ro cesses  such  as 
re c ru itm e n t, c o m p e tit io n  a n d  p re d a t io n  (B u ch h e im  a n d  
H ix o n , 1992; H ix o n  a n d  C a r r ,  1997; Ö h m a n  e t al., 
1998a). H o w ev e r, g iv en  th e  ra n g e  o f  fa c to rs  th a t  reg u ­
la te  fish p o p u la t io n s  (C a ley  e t a l., 1996; D o h e r ty  an d  
F o w le r , 1994; Jo n e s , 1991; W illiam s , 1991) it  is d ifficult 
to  p re d ic t th e  o u tc o m e  o f  a  c o ra l-b le a c h in g  ev en t. M o s t 
s tu d ie s  on  th e  effec ts o f  d is tu rb a n c e  o n  reef-fish  c o m ­
m u n itie s  a re  o p p o r tu n is t ic  a n d  n o n -m a n ip u la tiv e  field 
o b se rv a tio n s  w h ere  p re -d is tu rb a n c e  d a ta  o r  u n d is tu rb e d  
c o n tro ls  a re  m iss in g  (Jo n e s  a n d  S ym s, 1998). In te rp re ­
ta t io n  o f  th e se  s tu d ie s  m a y  a lso  b e  c o n fo u n d e d  by th e  
n a tu r a l  v a r ia tio n  a m o n g  reef-fish  c o m m u n itie s  a t d if­
fe re n t sp a tia l scales. T h u s , in fo rm a tio n  o n  h o w  co ra l 
reef-fish  c o m m u n itie s  a re  a ffec ted  by h a b i t a t  d e g ra d a ­
tio n  is lim ited , p a r t ic u la r ly  w ith  re sp e c t to  co ra l 
b leac h in g . G lo b a l w a rm in g  m a y  in c re a se  th e  freq u en cy  
a n d  sev e rity  o f  te m p e ra tu re  re la te d  c o ra l b leach in g  
(IS R S , 1998). T h e re fo re , th e  a b il ity  o f  th e  reef-fish 
c o m m u n itie s  to  su rv ive  a n d  a d a p t  to  ev en ts  o f  co ra l 
m o r ta l ity  p e n d in g  th e  reco v e ry  o f  th e  d is tu rb e d  reefs will 
h av e  fa r  re a c h in g  eco lo g ica l a n d  e c o n o m ic  co n se ­
q uences.

T h e  a im  o f  th is  s tu d y  w as  to  in v es tig a te  th e  effect o f  
c o ra l m o r ta l i ty  fo llo w in g  a  sev e re  b le a c h in g  ev en t, on  
reef-fish  a ssem b lag es. In  a d d it io n ,  w e ex am in ed  how  
reef-fish  c o m m u n itie s  w ere  in f lu en ced  by th e  s tru c tu ra l 
c o m p lex ity  p ro v id e d  by th e  c o ra ls .

Methods

T he s tu d y  s ite
T h e  s tu d y  w as ca rr ied  o u t  o n  p lo ts  o f  tra n s p la n te d  

c o ra ls  a t  T u t ia  R e e f  in th e  M a f ia  Is la n d  M a r in e  P a rk , 
T a n z a n ia  (7°40 'S , 40°40 'E ). T h e  p lo ts  w ere  s i tu a te d  o n  
th e  p ro te c te d  s ide  o f  th e  ree f , a t  a  d e p th  o f  3 m  a t low  
tide . T h e  se a b e d  a t the s tu d y  site  w as  fla t a n d  covered  by
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sa n d , c o ra l ru b b le  a n d  rh o d o lite s . T h e  c o ra l c o v e r  w as 
p a tc h y , ra n g in g  b e tw een  10%  a n d  20%  (in c lu d in g  
s ta n d in g  d e a d  c o ra ls ) , a n d  m a in ly  m a d e  up  o f  th ic k e ts  o f  
b ra n c h in g  sp ec ie s  o f  th e  g en u s  A cropora .

F ie ld  m e th o d s  a n d  co ra l m o r ta lity
C o lo n ie s  o f  th e  b ra n c h in g  s ta g h o rn  c o ra l A cro p o ra  

fo r m o s a  w ere  t r a n s p la n te d  in  1995 to  32 q u a d ra te  p lo ts  
m e a s u r in g  2 .5  x  2.5 m 2 e a c h  (L in d a h l, 1998), w h ich  
w ere  even ly  d is tr ib u te d  b e tw een  tw o  sites (A  a n d  B), 
s e p a ra te d  by 200 m . T h e  c o ra ls  w ere  tr a n s p la n te d  a s  a n  
e x p e r im e n t o n  re h a b il i ta t io n  o f  d e g ra d e d  c o ra l reefs, 
a im in g  a t  d e v e lo p in g  m e th o d s  fo r  re -e s ta b lish m e n t o f  
c o ra l  c o v e r  in  a re a s  w h ere  th e  u n s ta b ility  o f  th e  su b ­
s t r a te  p re c lu d e s  n a tu r a l  re -c o lo n iz a tio n . B ra n c h e s  o f  
s ta g h o rn  c o ra ls  w ere  co llec ted  f ro m  n a tu ra lly  g ro w in g  
th ic k e ts  in  an  a re a  a d ja c e n t to  th e  s tu d y  site . T h ey  w ere 
p la c e d  in  th e  p lo ts  e ith e r  loo se ly  o r  c o n n e c te d  to  each  
o th e r  a n d  to  a n c h o r in g  s to n e s  w ith  s tr in g s  fo r  in c rea sed  
s ta b ility . E a c h  p lo t  w as p la n te d  w ith  c o ra ls  fro m  o n ly  
o n e  d is t in c t  th ic k e t, be lieved  to  b e  a  c lo n e , a n d  each  
th ic k e t w as u sed  fo r  o n ly  o n e  p lo t. T h e  d en sity  o f  live 
c o ra ls  in  th e  p lo ts  a t  th e  tim e  o f  th e  f irs t fish census 
ra n g e d  b e tw een  10%  a n d  8 4 %  a re a  co v er, w ith  an  av ­
e ra g e  o f  33 ±  3 .3%  (S E ). D u r in g  th e  1998 c o ra l b le a c h ­
in g  ev en t, w h ic h  w as m o s t severe in  M a r c h -A p r i l ,  all 
c o ra ls  d ied  in  28 p lo ts  w h ils t th o se  in  th e  fo u r  re m a in in g  
p lo ts  w ere  less a ffec ted . T h e  av e rag e  live c o ra l c o v e r  in 
th e se  fo u r  p lo ts  c h a n g e d  f ro m  28 ±  8 .7%  (S E ) in  1997 to  
25 ±  7 .0%  (S E ) in  1998. M o s t o f  th e  c o ra ls  in th e  s u r ­
ro u n d in g  c o ra l c o m m u n ity  w ere  k illed  as w ell. In  O c­
to b e r  1998 w e assessed  th e  av e ra g e  re lie f  in each  p lo t  by  
m e a s u r in g  th e  h e ig h t o f  th e  c o ra l b ra n c h e s  a b o v e  th e  
su b s tra tu m . T h is  w as d o n e  in  te n  10 cm  sec tio n s  o f  tw o  
p a ra lle l line tr a n s e c ts  la id  a c ro s s  th e  p lo t . T w o  co n se c ­
u tiv e  fish cen su ses  w ere  m a d e  o n  all p lo ts  o f  t r a n s ­
p la n te d  c o ra ls . T h e  firs t cen su s  w as c a rr ie d  o u t in 
O c to b e r  1997, six  m o n th s  b e fo re  th e  c o ra l m o r ta lity , 
a n d  th e  se c o n d  c e n su s  w as c o n d u c te d  1 y ea r la te r , six 
m o n th s  a f te r  th e  c o ra l  m o r ta lity . T h e  fishes w ere 
c o u n te d  b y  a  s ta t io n a ry  S C U B A  d iv e r u sin g  a  m e th o d  
m o d ified  fro m  B o h n sa c k  a n d  B a n n e ro t (1986). A  list o f  
all fish ta x a  e n c o u n te re d  in  th e  s tu d y  a re a  w as p re p a re d  
b e fo re  th e  c en su s . T o  a v o id  a n y  m iss - id en tif ic a tio n s , 
fishes w ere  g ro u p e d  in to  easily  id en tif iab le  species, o r  
species g ro u p s , u s in g  a  se t lis t o f  84 ta x a . D u r in g  th e  
cen su s  th e  d iv e r  re s te d  a t  th e  se a b e d  a p p ro x im a te ly  1 m  
f ro m  th e  ed g e  o f  th e  p lo t. B o th  tr a n s ie n t a n d  s ta tio n a ry  
fishes w ere  c o u n te d  f o r  a  p e r io d  o f  10 m in  a t  e a c h  o c ­
ca s io n . F o r  th e  p u rp o s e  o f  a c c u ra c y , a n d  to  red u ce  th e  
p ro b le m s  e n c o u n te re d  w h en  fishes w ere  sw im m in g  in 
a n d  o u t o f  th e  p lo t , th e  fish c o u n t  w as lim ited  to  o n e  h a lf  
(i.e. 3.1 m 2) o f  each  p lo t . Id e n tif ic a tio n  o f  th e  p lo t  w as 
fa c ili ta te d  by  re in fo rc e m e n t b a rs  m a rk in g  th e  c o rn e rs  
a n d  a  s tr in g  m a r k in g  h a lf  o f  th e  p lo t. O n ly  fishes o c ­
c u rr in g  u p  to  1.5 m  a b o v e  th e  se a b e d  w ere c o u n te d . T h e  
c o u n ts  w ere  re p l ic a te d  th re e  tim es  on  d iffe ren t d ays.

D a ta  ana lysis
T h e  W ilco x o n  S ig n e d  R a n k  T e s t w as  used  to  inves­

t ig a te  ch an g es  in  th e  to ta l  fish a b u n d a n c e  as w ell as the 
a b u n d a n c e  in  each  o f  th e  m a jo r  fe e d in g  c a te g o rie s  (co- 
ra lliv o re s , h e rb iv o re s , in v e r te b ra te  a n d  fish feeders, 
o m n iv o re s  a n d  p la n k tiv o re s ) . F ish e s  w ere  classified  in to  
feed in g  ca te g o rie s  b a s e d  o n  p u b lish e d  m a te r ia l  (A llen , 
1985, 1991; L ieske  a n d  M y ers , 1994; R a n d a ll  e t a l., 
1990). In  o rd e r  to  d e te c t  c h a n g e s  in  fish c o m m u n ity  
c o m p o s it io n  b e tw een  th e  tw o  cen su ses  a  n o n -p a ra m e tr ic  
r a n k  s im ila rity  m a tr ix  w as p ro d u c e d , b a se d  o n  B ra y -  
C u rtis  s im ila ritie s  a m o n g  th e  fish c o m m u n itie s  in  th e  
p lo ts . T h e  s im ila rity  m a tr ix  w as c o n v e r te d  in to  a  m u l­
tid im e n s io n a l sca lin g  (M D S )  o rd in a t io n , (C la rk e , 1993) 
w h e re  th e  d is tan ces  b e tw e e n  th e  d a ta  p o in ts  (F ig s. 1 an d  
3) d isp la y  th e  re la tiv e  s im ila r itie s  o f  th e  fish a ssem b lag es 
a m o n g  th e  p lo ts . T h e  s im ila rity  p e rc e n ta g e  p ro c e d u re  
(S IM P E R ) is b a sed  o n  th e  sam e  B ra y -C u r t is  s im ila rity  
m a tr ix  as th e  M D S  p lo t ,  a n d  ra n k s  th e  c o n tr ib u t io n  o f  
e ach  ta x o n  to  th e  to ta l  d is s im ila r ity  b e tw een  th e  tw o 
cen su ses (C la rk e , 1993). T h is  m e th o d  w as  used  to  
id en tify  th e  fish ta x a  w h o se  a b u n d a n c e  c h a n g e  h a d  the 
m o s t s ig n ifican t effect o n  th e  c o m p o s it io n  o f  th e  fish 
c o m m u n ity . T h e  re la tio n  b e tw een  th e  s t ru c tu ra l  c o m ­
p lex ity  in  th e  p lo ts  a n d  th e  fish a b u n d a n c e  as w ell as the  
n u m b e r  o f  ta x a  w as in v e s tig a te d  w ith  lin e a r  reg ression .

Results

A  d is tin c t sh ift in  fish  c o m m u n ity  c o m p o s it io n  o c ­
c u rre d  b e tw een  th e  tw o  cen su ses (F ig . 1). T h is  w as m o s t 
p ro n o u n c e d  in th e  28 p lo ts  w h ere  th e  c o ra ls  d id  n o t 
su rv iv e  th e  d is tu rb a n c e . F ish  a sse m b la g e s  in  th e  p lo ts  
c o n ta in in g  su rv iv in g  c o ra ls  w ere  g ro u p e d  w ith  th e  p re ­
d is tu rb a n c e  c o m m u n itie s  in  th e  M D S  c o n f ig u ra t io n . S ite 
A  h a d  a  s im ila r v a ria b il ity  in  c o m m u n ity  c o m p o s it io n
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Fig . 1 M D S  o rd in a tio n  p lo t b a se d  o n  B ra y -C u rtis  s im ila rities  

sh o w in g  the  fish c o m m u n ity  c o m p o s itio n  in  th e  32  p lo ts  in 
1997 a n d  1998. S tress =  0 .19 . E ach  sy m b o l re p re sen ts  th e  fish 
co m m u n ity  in  o n e  p lo t a t  o n e  tim e. (A) =  s ite  A 1997 (n =  16); 
( A ) - s i t e  A  1998 (n =  16); ( 0 ) =  site  B 1997 (n =  16); 
(® ) =  s ite  B 1998 (o n ly  p lo ts  w ith  d e a d  c o ra ls , n =  12); 
(★ ) =  S ite  B 1998 (p lo ts  w ith  su rv iv in g  c o ra ls , n — 4).
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a m o n g  p lo ts  b e fo re  a n d  a f te r  th e  c o ra l m o r ta lity , 
w h e rea s  in  s ite  B th e  fish c o m m u n itie s  b ecam e  m o re  
v a ria b le  a f te r  th e  d is tu rb a n c e .

T h e  a v e rag e  a b u n d a n c e  o f  fish in c rea sed  s ign ifican tly  
(p  =  0 .002) b e tw een  1997 a n d  1998 fro m  23 ±  3.3 (S E ) 
to  32 ± 4 . 0  fishes p e r  c o u n t,  w h ile  th e  species rich n ess  
a n d  d iv e rs ity  re m a in e d  fa irly  c o n s ta n t. In  th e  d iffe ren t 
tro p h ic  g ro u p s  th e  h e rb iv o re s  in c rea sed  s ign ifican tly  
(p <  0 .001) fro m  a n  a v e ra g e  o f  3 .5  ± 0 . 4  to  13.7 ± 2 .6  
fishes p e r  c o u n t  a n d  th e  o m n iv o re s  w ere red u ced  
(p  =  0 .024) fro m  4.1 ±  0 .5  to  2.8 ±  0.5 fishes p e r c o u n t 
(F ig . 2). T h e  o th e r  t r o p h ic  g ro u p s  d id  n o t  c h a n g e  sig ­
n ifican tly  in  a b u n d a n c e  (p  > 0 .05 ). S ch o o ls  o f  h e rb iv o ­
ro u s  p a r r o t  fishes (S c a r id a e ) a n d  su rg eo n fish es  
(A c a n th u r id a e )  (T a b le  1) gav e  th e  m o s t s ig n ifican t 
c o n tr ib u t io n  to  th e  in c re a se  in  fish a b u n d a n c e . A lso  th e  
te r r ito r ia l h e rb iv o ro u s  d am se lfish  P lectrog lyph idodon  
la crym a tu s  in c re a se d  in  n u m b e rs , w h ereas th e  a b u n ­
d a n c e  o f  tw o  o th e r  d am se lfish es , P . d ick ii a n d  D ascyllus  
carneus , th a t  a re  c o m m o n ly  a sso c ia te d  w ith  live co ra ls  
w as red u c e d  a f te r  th e  c o ra l  m o r ta lity . T h e  sign ificance

o f  th ese  c h a n g e s  in  a b u n d a n c e s  fo r  th e  fish c o m m u n ity  
s t ru c tu re  w as  c o n f irm e d  by  th e  S IM P E R  p ro c e d u re  
w h ic h  ra n k s  all sp ec ie s  a c c o rd in g  to  th e ir  c o n tr ib u t io n  
to  th e  o v e ra ll c o m m u n ity  sh if t (T a b le  1).

T h e  a v e ra g e  re lie f  ( =  cm  a b o v e  su b s tra te )  p ro v id ed  
b y  th e  c o ra ls  in  e ach  o f  th e  32 p lo ts  ra n g e d  fro m  3 to  27 
c m  a f te r  th e  c o ra l m o r ta l i ty . T h is  re lie f  w as  th e  re su lt o f  
tw o  y ea rs  o f  s te a d y  g ro w th  te rm in a te d  by  th e  1998- 
b le a c h in g  ev en t. T h e  d ead  c o ra ls  w ere  m o s tly  in ta c t, 
s ta n d in g  in  th e  s a m e  p o s i tio n  as th ey  h a d  b e fo re  th e  
b le a c h in g  ev en t. T h e re  w as a  h ig h ly  s ig n ific an t re la tio n  
b e tw een  th e  re lie f  a n d  fish a b u n d a n c e  (p  <  0 .001) as w ell 
a s  b e tw een  th e  re l ie f  a n d  th e  n u m b e r  o f  fish ta x a  
{p <  0 .001) (F ig . 3). T h e  s t ro n g  re la tio n sh ip  d id  n o t 
c h a n g e  i f  th e  fo u r  p lo ts  w ith  su rv iv in g  c o ra ls  w ere 
ex c lu d e d  fro m  th e  an a ly s is .

B y d isp la y in g  th e  fish  c o m m u n ity  fro m  1998 in  an  
M D S , w ith  th e  size o f  e ach  d a ta  p o in t  p ro p o r t io n a l  to  
th e  re lie f  in  th e  p lo t  w e  d e m o n s tra te  th a t  th e  fish c o m ­
m u n ity  c h a n g e d  in  re la tio n  to  re e f  s t ru c tu r e  (F ig . 4). I t  is 
a lso  n o tic e a b le  th a t  th e  p lo ts  w ith  live c o ra ls  w ere
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Fig. 2 A v erag e  a b u n d a n c e  p e r  10 m in  c o u n t o f  fishes w ith  d ifferen t 
feed in g  h ab its .
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T A B L E  1

A v erag e  a b u n d a n c e  p e r  10 m in  c o u n t o f  th e  20  fish tax a  g iv ing  th e  m o s t s ig n ifican t c o n tr ib u tio n  to  th e  c o m m u n ity  s h if t b e tw een  1997 a n d  I998a b .

T ax o n A b u n d a n c e  1997 A b u n d a n c e  1998 C o n tr ib u tio n  to  d is s im ila r ity  (% ) F eed in g  h ab its

S ca ridae 0.71 5.89 11.99 H
Plectroglyphioclodon d ick ii 3.08 1.04 9.42 O
A c an th u r id a e 1.22 3.80 8.60 H
P le c tro g lyp h id o d o n  la c rym a tu s 1.40 2.89 7.45 H
D ascyllus carneus 2.08 0.99 6.60 P
C hrom is viridis 3.66 0.07 4.74 P
Pseudocheilinus h exa ta en ia 2.19 2.11 4.68 I /F
L a b rid a e  spp 0.98 1.56 4.23 I /F
C hrom is weberi 0.72 0.90 3.03 P
C entropyge  m u ltifa sc ia tu s 0.40 1.12 2.86 O
Thalassom a hebraicum 1.28 0.74 2.86 I /F
C hrom  is ternatensis 0.31 1.29 2.55 P
H alichoeres hortu lanus 0.93 0.68 2.35 I /F
Parupeneus barberinus 0.49 0.73 2.07 I /F
D ascyllus a m a tu s 0.33 0.44 1.93 P
D ascyllus tr im acu la tus 0.18 0.42 1.67 P
S te th o ju lis  bandanensis 0.31 0.56 1.51 I/F
H alichoeres cosm eticus 0.34 0.24 1.25 I/F
G om phosus caerulus 0.36 0.31 1.24 I /F
S teg a stes  spp 0.04 0.44 1.03 H

“ T h e  c o n tr ib u tio n  to  th e  d is s im ila r ity  w as g iven by  th e  S IM P E R  p ro c e d u re  c o m p a r in g  th e  fish co m m u n itie s  b e tw een  th e  tw o  censuses. 
b H: he rb iv o res ; O: o m n iv o re s ; P: p la n k tiv o re s ; I /F : in v e rte b ra te  a n d  fish feeders; C : co ra lliv o res .
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R elief (cm ) (b) Relief (cm )

L in ea r  reg re ssio n s  fo r  th e  av e rag e  n u m b e r o f  fish ta x a  (a) a n d  
a b u n d a n c e  (b ) p e r  c o u n t ve rsu s  th e  a v e rag e  h e ig h t o f  the  co ra l 
c o v e r  (relief) in each  p lo t, n =  32  in b o th  g ra p h s , (a): 
r 2 =  0 .59 ; y  =  0 .4 6 * +  5.29; p <  0 .001. (b): r  =  0.73;
y  =  2 . 6 0 * -  0 .14; p  <  0.001.
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F ig . 4  M D S  o rd in a tio n  p lo t b ased  o n  B ra y -C u r tis  s im ila rities  
sh o w in g  th e  fish c o m m u n ity  c o m p o s itio n  in th e  32 p lo ts  in 
1998. S tre ss  =  0 .18 . E ach  circ le  rep re sen ts  th e  fish co m m u n ity  
in  o n e  p lo t,  a n d  th e  size o f  th e  c irc les  is p ro p o r tio n a l to  the  
av erag e  h e ig h t o f  th e  c o ra l c o v e r  (re lief) in  th e  p lo t. T he  
sh ad ed  c irc les re p re sen t th e  p lo ts  w ith  su rv iv in g  co ra ls .

se p a ra te d  fro m  th e  res t. H e n c e , th e  re lie f  d id  n o t  on ly  
in f lu en ce  fish d en s itie s  a n d  species d iv e rs ity  th e re  w as 
a lso  a  g ra d u a l sh ift in  fish c o m m u n ity  c o m p o s it io n  w ith  
in c re a s in g  relief.

Discussion

R e su lts  fro m  th is  s tu d y  sh o w e d  th a t  th e re  w as an  
in c rea se  o f  fish d en sitie s  w ith in  a  re e f  a re a  fo llo w in g  
m ass iv e  c o ra l m o r ta l i ty . T h is  m ay  seem  re m a rk a b le  as 
c o ra l m o r ta l ity  w o u ld  be  e x p e c te d  to  re d u c e  h a b ita t  
q u a li ty  fo r  re e f  fishes. H o w ev e r, w ith  th e  d iv e rs ity  o f  
fe e d in g  s tra teg ie s  c h a ra c te r iz in g  re e f  fishes, c e rta in  
a ssem b lag e s  c o u ld  ben efit f ro m  th e  c o ra l  m o rta lity . 
F ila m e n to u s  a lg ae , w h ich  a re  th e  p re fe rre d  fo o d  fo r 
m a n y  h e rb iv o ro u s  fish species, w ill g ro w  ra p id ly  on 
b a re  c o ra l  s u b s tra tu m . F ish  n u m b e rs  m ay  h av e  in ­
c re a se d  e ith e r  b y  re c ru itm e n t o r  by  m ig ra tio n . S ince 
c o ra ls  in  th e  w h o le  a re a  w ere  in f lu en ced  by m o r ta l ity  
to  th e  sam e  e x te n t a s  th e  c o ra ls  a t  th e  e x p e rim e n ta l 
site , m ig ra t io n  seem s less likely . A  m o re  p ro b a b le  ex ­
p la n a t io n  is th a t  re c ru its  th a t  se ttle d  in  a n  a re a  w ith  
fa v o u ra b le  c o n d it io n s  cau sed  th e  in c re a se . Y o u n g  fishes 
a re  m o re  ab le  to  a v o id  p re d a to r s ,  a n d  h a v e  a ra p id  
g ro w th  ra te  i f  th ey  a sso c ia te  w ith  h a b i ta ts  w ith  g o o d  
q u a li ty  (K e rr ig a n , 1994; v an  R o o ij e t a l ., 1995; B o o th  
a n d  H ix o n , 1999).

A  s im ila r  in c re a se  in  a b u n d a n c e  o f  h e rb iv o ro u s  re e f  
fish w as  fo u n d  a f te r  th e  d ie -o ff  o f  th e  g ra z in g  sea  u rch in  
D ia d em a  an tilla rum  in  th e  C a r ib b e a n  (C a rp e n te r ,  1990; 
R o b e r ts o n , 1991) a n d  a f te r  c o ra l m o r ta l i ty  fo llo w in g  an  
in fe s ta tio n  o f  th e  c ro w n -o f - th o rn s  s ta rfish  A ca n th a ste r  
p la n c i  in  th e  A m e ric a n  S a m o a  (W ass , 1987). T h e  re ­
d u c e d  a b u n d a n c e  o f  o m n iv o ro u s  fishes, in  th is  s tu d y , 
w as  m a in ly  c a u se d  by  a  d ec lin e  in  th e  d am se lfish  P. 
d ickii\ w h ich  is c o m m o n ly  a s s o c ia te d  w ith  live co ra ls . 
W a ss  (1987) a lso  o b se rv e d  a s im ila r  sh if t fro m  P. d ick ii

to  P. la crym a tu s. T h e  m ass m o r ta l i ty  o f  D . an tillarum  
a n d  th e  A . p la n c i in f e s ta t io n  led  to  e ith e r  red u ced  
c o m p e tit io n  a m o n g  g ra z e r s  o r  in c re a se d  s u b s tra te  fo r 
a lg ae , a n d  th e  in c re a se  in  h e rb iv o ro u s  fish  w as  reg a rd ed  
a s  ev idence  o f  fo o d  l im i ta t io n  p r io r  to  th e  im p ac t. In  
c o n tr a s t ,  little  o r  n o  effec ts  w ere  d e te c te d  o n  h e rb iv o res  
a f te r  c o ra ls  w ere  k il le d  by  A . p la n c i  o n  th e  G re a t  B a rrie r 
R e e f  (H a r t  e t a l ., 1996; W illiam s , 1986). R eef-fish 
c o m m u n itie s  a re  s t ru c tu r e d  by  a  v a r ie ty  o f  p rocesses 
(C aley  e t al., 1996). T h e  re la tiv e  im p o r ta n c e  o f  fa c to rs  
su ch  as m ig ra to ry  p a t te rn s ,  c o m p e tit io n , p re d a tio n , 
d is tu rb a n c e  a n d  re c ru itm e n t d y n a m ic s  c o u ld  v a ry  from  
o n e  re e f  to  a n o th e r .  T h u s , th e  effect o f  c o ra l  m o rta lity  
o n  th e  reef-fish  c o m m u n itie s  in  th is  s tu d y  co u ld  be 
u n iq u e  fo r th e  c o n d it io n s  a t  T u tia  R eef.

I t  h a s  b een  sh o w n  th a t  d is tu rb a n c e s  m a y  lead  to  in­
c re a se d  v a r ia b il ity  in  th e  c o m p o s it io n  o f  m a r in e  co m ­
m u n itie s  (D a w so n  S h e p h e rd  e t a l., 1992; W a rw ic k  e t al., 
1990). In  th is  s tu d y , th e  v a r ia b il ity  in th e  fish  c o m m u ­
n itie s  in c rea sed  a f te r  th e  E l N iñ o  ev e n t in  s ite  B, w hereas 
th e  v a ria b il ity  in  s ite  A  w as la rg e  b e fo re  th e  co ra l 
m o r ta l ity  as w ell. T h e  s i tu a t io n  a t  s ite  A  c o u ld  be  cau sed  
by  a n o th e r  so u rc e  o f  d is tu rb a n c e , a  la rg e  sp aw n in g  
p o p u la t io n  o f  th e  tr ig g e rf ish  P seu d o b a llis te s  fla v im a r ­
g ina tu s. T h is  la rg e , ag g ress iv e  fish  w h ich  d is tu rb e d  th e  
fish a ssem b lag e s  a t  s ite  A  ty p ica lly  e x c a v a te s  an d  
d e fe n d s  sp a w n in g  p its  a n d  ch ase s  a w a y  fishes in th e  
s u r ro u n d in g  a re a .

T h e  im p o r ta n c e  o f  th e  re e f  s t ru c tu re  in  d e te rm in in g  
fish c o m m u n ity  c o m p o s it io n  h a s  been  su g g es ted  in n u ­
m e ro u s  s tu d ie s  (C a rp e n te r  e t a l., 1981; L ew is, 1997; 
L u c k h u rs t  a n d  L u c k h u rs t , 1978; M c C o rm ic k , 1994; 
Ö h m a n  a n d  R a ja su r iy a , 1998; Ö h m a n  e t a l., 1998b; 
S ym s, 1998). H o w ev e r, it  is u su a lly  d ifficu lt to  sep a ra te  
b e tw een  live c o ra l  a n d  th e  s t ru c tu re  it gives. T h e re  a re  
re a so n s  to  believe  th a t  th e  a rc h i te c tu ra l  s t ru c tu r e  in itse lf 
is a  m o re  im p o r ta n t  fa c to r  in f lu en c in g  fish n u m b e rs  th an  
th e  live c o ra l co v e r. In  th is  s tu d y  w e w ere  a b le  to  sep ­
a ra te  b e tw een  live c o ra l a n d  c o ra l  s tru c tu re . A p p a re n tly  
th e re  w as a s tro n g  re la tio n sh ip  b e tw e e n  fish n u m b ers  
a n d  s t ru c tu r a l  co m p lex ity  w ith o u t liv ing  c o ra ls . T h is 
su g g es ts  th a t  an  a b u n d a n t  fish c o m m u n ity  c a n  be  fa ­
c il ita te d  by  a n y  re e f  s t ru c tu r e  w ith  o r  w ith o u t liv ing  
co ra l. In  fa c t, th e re  a re  o th e r  tr o p ic a l re e f  fo rm a tio n s  
th a t  a re  n o t b io g e n ic  b u t still h a v e  a b u n d a n t  fish p o p ­
u la tio n s  such  a s  ro ck y  reefs (J e n n in g s  e t  a l., 1996; 
Ö h m a n  e t a l., 1998b), o r  reefs m a d e  by  la v a  (G o d w in  
a n d  K o sa k i, 1989). H o w ev e r, c o ra ls  p ro v id e  th e  lim e­
s to n e  fra m e w o rk  o f  co ra l ree fs  th ro u g h  ac tiv e  ca lc ium  
c a rb o n a te  a c c re tio n . T h u s , i f  th e  c o ra ls  d ie  c h an ces  a re  
th a t  th e  re e f  a n d  th e  s tru c tu re  i t  c a rr ie s  w ill b e  d eg rad ed  
a n d  w ith  th a t ,  th e  a sso c ia te d  fish fa u n a . A  d ead  co ra l 
sk e le to n  is m o re  su scep tib le  to  b io e ro d e rs  a n d  o th e r  
d is tu rb a n c e s  th a n  a  living c o ra l  co lo n y . A f te r  a n  infes­
ta t io n  o f  A . p la n c i in  th e  R y u k y u  Is la n d s , J a p a n , th e  
d ead  c o ra ls  w ere  d eg rad ed  in to  ru b b le  w ith in  2 years 
a n d  th e  fish a b u n d a n c e  a n d  d iv e rs ity  w ere  d ra s tic a lly  
re d u c e d  (S a n o  e t a l., 1987).
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