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C o ra l re e f fisheries s u p p o r t  ten s  o f  m illio n s  o f  peop le , m o s tly  in  d ev e lo p in g  coun tries. 
F ish in g  o n  ree fs  c an  be  classified  in to  th re e  s tages: m an ag eab le , ecosystem -overfished , 
an d  M alth u sian -o v e rf ish cd . F is h in g  w ith  b la s tin g  dev ices a n d  p o iso n s  is o r te n  associ­
a te d  w ith  th e  th ird  s tage . R e d u c tio n s  in h e rb iv o ry  c au sed  by o v erfish in g  m a y  en h an ce  
th e  lik e lih o o d  o f  o rg a n ic  p o llu tio n  c a u s in g  a  c o ra l-a lg a l  p h ase  sh ift fo llo w in g  m a jo r 
d is tu rb a n c e s . H o w ev er, cage  s tu d ie s  in d ic a te  th a t  red u c tio n  in  h e rb iv o ry  can  lead  to  
th e  p ro li fe ra tio n  o f  a lg ae  even in  th e  a b sen ce  o f  e u tro p h ic a tio n . A  m a jo r  c o n ce rn  w ith 
th e  w id esp read  co ra l b leach ing  asso c ia ted  w ith  th e  1997-1998 E l N iñ o  ev en t is the 
lik e lih o o d  th a t  reefs a lre a d y  s tre ssed  by  overfish ing  a n d  o rg a n ic  p o llu tio n  m ay  n o t 
re tu rn  to  co ra l d o m in a n c e  a f te r  severe  b leach ing . C lu es  to  levels o f  fish ing  a n d  to  the 
p o te n tia l to  re co v er fro m  d is tu rb a n c es  inc lude  ch an g es  in th e  de-v eg eta ted  “ ha lo e s” 
a ro u n d  c o ra l s ta n d s  o n  ree f fia ts  a n d  th e  d iffering  sp ec tra l s ig n a tu re s  o f  live  co ra l, 
recen tly  d e a d  c o ra l, a n d  c o ra l c o v ered  w ith  red  e n cru stin g , g reen  filam en to u s , o r 
b ro w n  fro n d o se  a lgae. T h ese  c lues  m a y  fa c ilita te  b ro a d  a re a  a ssessm en ts  o f  shallow  
re e f a re a s  v ia  a irc ra f t,  s p ac e  sh u ttle s , o r  sate llites .
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In tro d u c tio n

C o ra l re e f  fisheries p rov ide  food  a n d  livelihood  to  tens 
o f  m illions o f  p eo p le  th ro u g h o u t tro p ica l a n d  su b tro p i­
cal seas. A large p ro p o rtio n  o f  these  d e p en d a n ts  survive 
o n  m arg in a l incom es because  o f  declin ing  c a tch es resu lt­
in g  fro m  overfish ing . A rap id ly  g ro w in g  body o f  in fo r­
m atio n  o n  th e  fisheries a n d  o n  ecological linkages w ithin 
c o ra l re e f  system s re lev an t to  fisheries h as been su m ­
m arized  in th ree  recen t vo lum es -  Sale  (1991), P o lu n in  
a n d  R o b e rts  (1996). a n d  B irkeland  (1997). M iller (1998) 
review ed c o ra l a lgal re la tionsh ips. M c M a n u s  (1997) 
p ro v id ed  a  general overview  o f  p o ten tia l fishery im pacts. 
M c M a n u s a n d  V erg ara  (1998) give ad d itio n a l in fo r­
m a tio n  on  th e  ex ten t o f  destru c tiv e  fishing. W e syn th e­
size th e  availab le  in fo rm a tio n  to  p ro d u c e  a fram ew ork  
fo r  u n d e rs tan d in g  th e  effects o f  fish ing  w ith  respect to 
c o ra l-a lg a l p h ase  sh ifts. W e classify  levels o f  fishing in to  
th ree  stages a n d  then  illu stra te  th e  m a jo r  linkages

betw een  fishing a n d  th e  a b u n d a n c e  o f  c o ra l a n d  a lgae  on  
th e  reef. F inally , w e d iscuss th e  im p lica tio n s o f  heavy 
fishing fo r th e  recovery  o f  reefs fro m  d istu rbances, 
includ ing  th e  recent g lo b al b leach in g  event.

D efin itions

W e refer to  a d is tu rb an ce  as a  sh o rt- te rm  force th a t  acts 
o n  a  tim e fram e o f  a  few  h o u rs  to  several m o n th s  and  
reduces th e  a b u n d an c e  o f  m a jo r  re e f  species. E xam ples 
w o u ld  include a n  o u tb re a k  o f  co ra lliv o ro u s starfish , a 
s to rm , o r  a  p e rio d  o f  w arm  seaw ate r causing  a co ral 
b leaching event. A  stress is a  lo n g er-te rm  fa c to r  th a t 
resu lts  in  a  d e p a rtu re  from  the b iophysical co n d itio n s 
u n d e r w hich th e  b io ta  dev elo p ed  o v er p rev ious decades. 
C o m m o n  stresses include  c o n s ta n t p o llu tio n  o r  fishing 
p ressu re  o v er periods o f  y ears. A p h ase  sh ift is a  
long-te rm  (p o ten tia lly  d ecad al) ch an g e  in  co m m u n ity
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Table 1. Characteristics o f  coral reef fishing according to three main stages (I. Manageable stage; 
II. Ecosystem-overfishing; Ul. Malthusian-ovcrfishing). Not all fisheries may exhibit all features 
simultaneously.

Stage 1 Stage 11 Stage l ii

Characteristic Snappers, groupers, Mature wrasses,
parrotfish. market spp. immature parrotfish. butterflyfishes
siganids sharks, moray eels, 

wrasses, siganids giant 
clams, conchs

Median sizes >  100 cm 25-100 cm 8-25 cm
Hooks, traps, mesh Frequent Moderate Rare
Blasting, poisoning Occasional Common Frequent
c.p.u.e. (legal methods) High Moderate Low
Value per fish High Moderate Low
De-vegetaled haloes Moderate Large Small
Algae on dead coral Calcareous Calcareous/green

filamentous
Examples Australia Kenya Philippines, Jamaica

w rasses, a n d  sigan ids (rabb itfish ). In itia lly , th e  fishery 
co n cen tra tes  o n  la rg e r a d u lt o r  su b a d u lt  fish. T he 
sh ift fro m  h igh-valued  to  low er-v a lu ed  species, b o th  
w ithin th e  ecosystem  a n d  o n  th e  m ark e t, ind icates a 
case  o f  ecosystem  overfish ing  (P a u ly , 1979). R ecent 
g lobal v o lu n tee r surveys o f  th e  R e e f  C h e c k  P rogram  
hav e  n o ted  th a t  m any  o f  th e  w o rld ’s  reefs a ssum ed  to  
be  p ristine  w ere unusually  d e p o p u la te d  o f  large 
g ro u p e rs  a n d  w rasses (H o d g so n , in  p ress), a  finding 
a ttr ib u te d  in p a r t  to  th e  live-fish tra d e  (Jo h a n n es  a n d  
R iepen , 1995). T h e  w idesp read  d e p ic tio n  o f  sh a rk s on 
reefs has been n o ted  by  S tevens e t al. (in press). 
A ro u n d  certa in  islan d s o f  th e  C e n tra l Pacific, a  va r­
iety  o f  fish species h a s  been h a rv ested  fo r decades, 
a n d  parro tfish , w rasses, a n d  sig an id s hav e  been h a r­
v ested  a lo n g  w ith  g ro upers a n d  sn a p p e rs . T h u s, the 
ra rity  o f  fish such  a s  ad u lt g ro u p e rs  a n d  sn ap p e rs  on 
th e  reefs, b u t a lso  o n  th e  local m ark e ts , m ay  be the 
best in d ic a to r o f  a S tage II fishery.

•  S tage  III: U n d e r  in tense  c o as ta l c ro w d in g , open 
access to  fisheries a n d  th e  ab sen ce  o f  a lte rna tive  
livelihoods, co as ta l fisheries ten d  to  fill w ith pa rtic i­
p an ts  u n til th e  average  fisher receives little  o r  n o  net 
incom e. T h is  c o n d itio n  h as been  described  as 
M althusian -overfish ing  (P au ly  e t a i .  1989; Pauly , 
1990). a n d  o ften  involves th e  use o f  g e a r  w hich is 
h a rm fu l to  th e  env ironm en t (e.g. b las tin g , poisoning) 
o r  to  th e  fishers them selves (e.g. m ak e -sh if t h o o k ah  
devices) as discussed e lsew here (M c M a n u s  et al.. 
1992. 1995; M cM an u s, 1996). B last fish ing  h as been 
rep o rted  from  42 co u n tries , p o iso n  fishing from  
17 c o u n tries , a n d  th e  tw o  m e th o d s  co -o ccu r in  a t least 
15 co u n tries  (M c M a n u s a n d  V erg ara , 1998). T w o 
im p o rta n t in d ica to rs  o f  S tage  III  fisheries m ay  be 
identifiable th ro u g h  aeria l p h o to g ra p h y  a n d /o r  the 
use o f  m ultispectra l scanners o n  a irp lan e s , space

stru c tu re . In  th is case, w e re fe r specifically  to  a sh ift 
fro m  d o m in an ce  o f  reef-bu ild ing  c o ra l (re ferred  to  as 
“ c o ra l”  here  a s  o p p o sed  to  “ so ft c o ra l” , e tc .) to  o n e  by 
fleshy a lgae  (n o n -ca lca reo u s m acroalgae). By d o m in an t, 
w e m ean  th e  m o st a b u n d a n t m acro -o rg an ism  in  te rm s of 
b o tto m  cover in b ro a d  g ro u p in g s (co ra l, m acro a lg ae , 
c a lcareous a lg ae, tu r f  a lgae, m icroalgae, so ft co ra l, 
sponge, etc .).

Stages o f  overfishing
T h ere  a re  h u n d re d s  o f  types o f  co ral ree f fisheries, and  
va rio u s c o m b in a tio n s  o f  m e th o d s a n d  effo rt levels alleei 
reefs in  com plex  w ays. H ow ever, it is p ossib le  to  ro u g h ly  
classify th e  s ta tu s  o f  m a n y  ree f fisheries in to  th ree  stages 
(T ab le  1).
•  S tage I: R ela tively  u n stressed  co ra l reefs su p p o rt large  

species th a t a re  easy to  h arvest. B ecause these  species 
a re  genera lly  h ig h -v alu ed , it is desirab le  to  m ain ta in  
th e ir p o p u la tio n s  a n d  to  ensure  th a t larg e  ind iv idua ls 
a re  p e rp e tu a lly  av a ilab le  fo r  harvesting . T h is  is the 
s tra teg y  o f  fisheries m an ag em en t system s, such  as th a t 
o f  th e  G re a t  B arrie r R e e f M arin e  P a rk  A u th o rity  in 
A u s tra lia , w hich a im s to  m ain ta in  fisheries fo r m a tu re  
g ro u p ers , sn ap p ers , a n d  a  lim ited n u m b er o f  o th e r 
species. By en su rin g  th a t  ta rg e t species a re  m ain ta in ed  
a b o v e  som e m in im u m  level, th e  A u th o rity  a lso  helps 
to  ensu re  incom e fro m  to u ris ts  co m in g  to  view  the 
dense  fish co m m u n itie s  a n d  assoc iated  b en th o s . M any  
species co m m o n  on  near-p ris tin e  reefs, such  a s  g ian t 
c lam s, co nchs, a n d  sh ark s, a re  easily d ep le ted  a n d  
m u st b e  carefu lly  m anaged .

•  S tage  II: In  m o re  heavily  fished ree f  system s, large, 
h ig h -v alu ed  p re d a to ry  fish such  a s  g ro u p e rs  and  
sn ap p e rs  becom e u n c o m m o n , a n d  th e re  is a  tendency  
to  fish fo r  low er-va lued  species, such  as p a rro tfish .
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shu ttles, a n d  satellites. “ H a lo es”  o r  “ R an d a ll zones” 
a re  a re a s  a ro u n d  co ral p a tch es th a t  a re  kep t c lear o f  
v eg etation  by h e rb iv o ro u s  fish o r  inverteb ra tes such  
a s  sea u rch in s (R a n d a ll, 1965; Pennings, 1998). T hey 
a re  p a rticu la rly  v isible o n  ree f  fiats, w here  seagrass 
p red o m in a te s  a n d  w here  in te rspersed  pa tches o f  coral 
m ay  be sub ject to  co ra l a lgal p h ase  shifts. F ish ing  o f  
p isc iv o ro u s fish is expected to  resu lt in  la rg e r haloes, 
a s  h e rb iv o ro u s  fish ran g e  fa rth e r  f ro m  coral shelter 
a n d /o r  becom e m ore  a b u n d a n t  (M ille r a n d  H ay, 
1995). H o w ev er, very in tense  fishing, includ ing  h a r­
vests o f  h e rb iv o ro u s  fish a n d /o r  inverteb ra tes , m ay 
lead  to  the d isap p ea ran ce  o f  th e  haloes as vegetation  
closes in  o n  th e  co ral pa tches. T h is  is particu la rly  
ev id en t on  th e  heavily  fished B olinao  re e f  fiat in the 
Ph ilipp ines, in w hich  ae ria l p h o to g ra p h s  c learly  show  
fo rm er h a lo s  filled in w ith  v a rio u s densities o f  sea­
g ra ss  (M c M a n u s et a l , 1992). A  second  in d ica to r 
m ay  be th e  ty p e  o f  a lgae  th a t  ch arac te ris tica lly  settles 
on  d e ad  co ra l. O n  n e ar-p ris tin e  reefs, d ead  coral 
genera lly  becom es co v ered  w ith  c a lcareous encrusting  
a lg ae, w h ich  a p p ea r  to  en co u ra g e  co ral se ttlem ent 
a n d  g ro w th  (Y a p  a n d  G om ez, 1988). H ow ever, in  th e  
ab sen ce  o f  h e rb iv o ro u s fishes, green  filam entous 
a lgae  (e.g ., E n te ro m o rp h a )  ten d  to  p ro life ra te  on  
dead  co ral. T h is  p rocess m ay  be follow ed by the 
se ttlem en t o f  b ro w n  fro n d o se  a lgae  (M cC lan ah an ,
1997). T h e  sp ec tra l sig n a tu res fo r zo o xan thellae  in 
liv ing co ra l, recen tly  d ead  co ra l, en cru stin g  red  cal­
c areo u s a lgae, g reen  a lg ae , a n d  b ro w n  algae are 
m ark ed ly  d ifferen t, a n d  c an  be  de lected  by  m ulti- 
sp ec tra l scanners ab le  to  d isc rim in ate  a t  th e  10 nm 
b an d w id th  (M c M a n u s, 1989; H a rd y  e t al., 1996; 
M cM an u s a n d  N o o rd e lo o s, 1998). A s w ith  R an d all 
zones, it m ay  be possib le to  iden tify  heavily  overfished 
reefs w ith  rem o te  im agery.
E xam ples o f  each  stage  m ay  be fo u n d  in each  m ajo r 

c o ra l re e f  reg io n  o f  th e  w orld . M o s t Pacific is lands and  
o f  A u stra las ia  w o u ld  be  in s tag e  1, a lth o u g h  overfish ing  
m ay  o ccu r fo r  in s tan ce  in  p a r ts  o f  F iji. M easu res o f  
overfish ing  increase  a s  o n e  m oves fro m  th e  C a rib b ean  to  
E ast A frica , S o u th  A sia , a n d  S o u th -eas t A sia.

C o ra l-a lg a l com petition

A  m a jo r  co n cern  in  assessm ents o f  g lo b al co ra l reef 
s ta tu s  is  th e  sh ift fro m  co ral to  a lgal d o m in an ce  o n  reefs 
(Jam eson  e t a l., 1995; E ak in  e t al., 1997; M arag o s e l al., 
1996; B ryan t e t al., 1998; W ilk inson . 1998). T h is  phase 
sh ift (D o n e , 1992) co u ld  be a  resu lt o f  c h ro n ic  pressures 
w hich fav o u r fleshy a lgae  o v er h a rd  co ral, such  as 
co n s tan t fishing fo r  h e rb iv o res o r  o rg an ic  p o llu tion . 
A lte rn a tiv e ly , it m ay  involve a  m o re  p e rm an en t sh ift in 
s ta te  in  w hich th e  a lg ae, o n ce  d o m in an t, in h ib it coral 
se ttlem en t a n d /o r  th e  estab lish m en t o f  herbivores. In

b o th  cases, th e  stress (u su a lly  d u e  to  fishing an d /o r 
p o llu tio n ) m a y  n o t  be th e  im m ed ia te  cause  o f  th e  shift 
bu t ra th e r  reduces th e  cap ac ity  o f  th e  re e f  to  recover 
fro m  a  d istu rb an ce , such  a s  a  s to rm . T h e  difference is 
th a t  a  p e rm an en t sh ift m ay  persist a lso  a f te r  e lim ination  
o f  th e  stress facto r. “ P e rm an en t”  in th is con tex t m eans 
a t least u n til a  m a jo r d is tu rb an c e  d is ru p ted  th e  d om i­
n an ce  by a lgae  in fav o u r o f  th e  c o ra ls , g iven th a t  the 
stress had  been abated .

A n ex am ple  o f  a  phase sh ift to  a n  a lte rn a tiv e , a p p a r­
en tly  stab le , s ta te  is given by  H a tc h e r  (1984) a n d  d is­
cussed  in Knovvlton (1992) a n d  M iller (1998). O n  an 
A u s tra lia n  reef, th e  red a lg a  (A sparagopsis taxiform is) 
w as kep t u n d e r  co n tro l by  g ra z in g  fish feeding inciden­
tally  o n  germ lings. A fte r  a  sh ip  g ro u n d in g , th e  fish were 
dispersed  a n d  th e  a lga o v erg rew  m uch  o f  th e  coral. 
U p o n  th e  re tu rn  o f  the g razers, th e  red  a lga  rem ained  
d o m in a n t because  th e  la rg e r f ro n d s  w ere  unpala tab le . 
T h u s , o n ly  a n o th e r  d is tu rb an ce  th a t reduces th e  cover 
w ould  p e rm it a  re tu rn  to  c o ra l d o m in an ce . H ow ever, 
a lgae  in genera l tend  to  be m o re  resilien t to  d is tu rb an ces 
th a n  co ra ls , a n d  it is difficult to  im ag in e  o n e  th a t  w ould 
red u ce  a lgal cover w ith o u t a lso  d riv in g  aw ay  herb iv o r­
ous fish. T here fo re , th e  a lgal s ta te  m ay  be m o re  stable 
th a n  th e  c o ra l state.

B ecause c ru s to se  co ra llin e  a lg ae  m ay  enh an ce  coral 
se ttlem en t (Y a p  a n d  G o m ez, 1988; M o rse  et a i ,  1988; 
M orse  a n d  M orse, 1993; R ich m o n d , 1997), a n d  fleshy 
a lgae  genera lly  reduce th e  a re a  av a ilab le  fo r  en crusting  
a lg ae, som e inh ib itio n  o f  co ral se ttlem en t is possib le  if 
fleshy a lgae  becom e d o m in an t. F ish in g  fo r herbivores 
m ay  im p ro v e  th e  cap acity  fo r, a n d  fav o u r, fleshy algae 
to  avail o f  increased  n u tr ie n ts  (L ittle i' a n d  L ittle i', 1984). 
T h u s, th e  tw o  sources o f  s tress, red u ced  h e rb iv o ry  and 
increased  o rg an ics m igh t be synerg istic . H ow ever, cage 
ex p erim en ts tend  to  em phasize  th e  ro le  o f  h e rb iv o ry  over 
e u tro p h ica tio n  in  the m ain ten a n ce  o f  c o ra l dom inance  
(S am m arco , 1982; Lewis, 1986; C a rp e n te r , 1986). F leshy 
algae often  p ro life ra te  up o n  th e  exclusion  o f  herbivores 
even in  th e  absence  o f  in creased  n u tr ie n t  levels (M iller 
and  H a y , 1998; M iller. 1998). H a tch e r  a n d  L arkum  
(1983) fo u n d  experim entally , u s in g  cages a n d  n itrogen  
ad d itio n s, th a t  th e  a d d itio n  o f  n u tr ie n ts  ten d ed  to  
increase  a lgal p ro d u c tio n , b u t th e  s ta n d in g  stock  only 
increased  w h en  g razers w ere excluded .

T h e  b est-docum cn ted  case  o f  a  c o ra l-a lg a l phase 
sh ift re fers to  th e  n o rth e rn  c o a s t o f  Jam aica . H ughes 
(1994) d e m o n s tra ted , based  o n  p e rm a n en t q u a d ran t 
m o n ito rin g , th a t c o ra l co v er d ro p p e d  fro m  o v er 50%  to 
less th a n  5%  on  re e f slopes o v er a  p e rio d  fro m  th e  
m id-1970s to  th e  early  1990s (see a lso  L iddell and  
O h lh o rs t, 1986). T h e  m a jo r e lem en ts in  th e  ex p lan atio n  
w ere a s  follow s:
•  fishing reduced  herb ivo ry
•  the h e rb iv o ro u s  sea  u rch in  (D iadem a am ellarían)

b ecam e a b u n d a n t (cf. H ay , 1984)
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da e

( - )P r e d a to r s

C o ra l  l iv o re s
H e rb iv o re s

D i s tu r b a n c e F le s h y  a lg a eC o ra l

F ig u re  1. D ia g ra m  sh o w in g  m a jo r  p o te n tia l effects o f  fish ing  w ith  re spec t to  c o ra l-a lg a l  c o m p e titio n . S o lid  a r ro w s  a re  negative  
effects, d a sh e d  a r ro w  is a  p o s itiv e  effect, a n d  d o tte d  a r ro w s  a re  n eg a tiv e  effects th a t  m ig h t be  lessened by  fish ing . D is tu rb a n ce s  
inc lude  la rg e  s to rm s , b lea ch in g  ev en ts , su d d en  o u tb re a k s  o f  co ra lliv o re s , o r  d iseases  a n d  o th e r  fa c to rs  c a u s in g  w id esp read  co ra l 
d e a th  from  w h ich  a n  u n s tre ssed  re e f is likely  to  re co v er. L e tte rs  a - f  re fe r to  d iscu ss io n  in  th e  tex t.

•  H u rrica n e  A llen  d a m a g ed  co ra ls  extensively  in 1980
•  D iadem a  w as red u ced  by a  m ass m o rta lity  in 1983 

(cause unk n o w n )
•  fleshy a lgae  becam e w idesp read
•  b leach ing  ev en ts  fu r th e r  reduced  c o ra l co v er in  1987, 

1989. a n d  1990
•  in tense cover o f  fleshy algae re la ted  to  a  lack  o f  recov­

ery o f  herb ivo ry  now  inh ib its  the settlem ent o f  corals. 
A p p a ren tly  a  c o m b in a tio n  o f  fac to rs  h as resu lted  in

persisten tly  low  c o ra l cover. O th e rs  hav e  com m en ted  
th a t  effluents f ro m  th e  heavily  developed  coas tlin es o f  
Ja m a ica  co u ld  a lso  h a v e  been  a n  ad d itio n a l fa c to r 
(H o d g so n . 1994; C A R 1 C O M P  a n d  O g d en , 1994; 
L ap o in te , 1997; b u t see H u g h es e t al., in  press). H o w ­
ever, th e  ex am ple  d o es illu stra te  th e  im p o rtan ce  o f  
u n d e rstan d in g  th e  in te rre la tio n sh ip s betw een fishing and  
o th e r stress factors.

D irec t a n d  ind irect effects o f  fishing

M an y  field o b se rv a tio n s  a n d  experim ents o n  th e  co n tro l 
o f  ben th ic  d o m in a n c e  o f  c o ra l reefs hav e  been pub lished . 
A lth o u g h  few' s tu d ies  hav e  been  co n d u cted  a t  tim e  and  
space scales typ ically  re lev an t to  th e  m an ag em en t o f  
w'hole re e f system s (H u g h es, 1997), they  d o  p ro v id e  clues 
as to  specific m ech an ism s o f  in te rac tio n  o f  ex p lan ato ry  
value.

T he m a jo r c o m p o n e n ts  o f  th e  c o n cep tu a l m odel o f  the 
im pacts o f  fish ing  o n  c o ra l-a lg a l d o m in an ce  (F ig . 1 ) a re

th e  fishers, th e  c o as ta l co m m u n ity  lo  w hich  they belong, 
p re d a to rs  w hich m ay  have a  re g u la tin g  effect on  the 
p o p u la tio n s  a n d /o r  activ ities o f  v a rio u s  co m p o n en ts , 
corallivo res. b u rro w ers th a t  d eg rad e  th e  su b s tra te  on 
w hich co ra ls  can  develop , a n d  h e rb iv o re s  feeding on 
algae th a t  w ould  o th erw ise  e ith e r g ro w  o v e r  liv ing  coral 
o r  settle  a f te r  d is tu rb an ces  to  th e  exclusion  o f  settling  
co ral. D am selfish  (S teg a stes  spp .) th a t  m od ify  the 
en v iro n m en t to  ra ise  a lgae  o n  d e ad  c o ra l have been 
om itted  here  because  it is no t c le a r w h e th e r  th e  activ ity  
inh ib its  o r  en h an ces co ral se ttlem en t (S am m arco  and  
C a rle to n , 1981). In fo rm a tio n  p e rta in in g  to  each  o f  the 
links to  fishing activ ities (le tters c o rre sp o n d  to  F ig . 1) 
includes:

(a ) H arv estin g  o f  specific co ra l a n d  th e  an c illa ry  d a m ­
age  to  n e ig h b o u rin g  c o ra ls  h a s  been  a  co n cern  
(M cM an u s, 1980; W ells a n d  A lcala, 1987), a lthough  
th e  vo lum e is, w ith  few  ex cep tions, considered  to o  
low  to  cause  m a jo r  ree f d eg rad a tio n . V ario u s fishing 
gears cau se  d irec t d am ag e  to  co ra ls , includ ing  b las t­
in g  devices (Saila  e t al., 1993; M c M a n u s e t al., 
1995), p o iso n s (B a rb er a n d  P ra tt,  1997; Jo h an n es 
and  R e ipen , 1995; E ld redge, 1987), a n d  traw ling  
g ear o r  devices used  to  c le a r  traw lin g  g ro u n d s  
(M cM an u s, 1997),

(b) A v arie ty  o f  co ra lliv o ro u s fish feed o n  co rals 
(N eudecker, 1979; R eese, 1994; M ille r a n d  H ay,
1998). A n o ticeab le  ex am ple  is  th e  large  parro tfish  
(B ulbom etopon m uricatus) o f  th e  Indo-Pacific , w hich
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ch arac te ris tica lly  sw im s in  schools, pau sin g  to  feed 
by b reak in g  o ff ch u n k s  o f  live c o ra l (R a n d a ll. 1974). 
Schools o f  large ad u lts  a re  becom ing increasingly 
ra re  because  o f  spearfish ing , a s  th e  fish a re  p a r ticu ­
larly  easy  targ e ts . S to ck s o f  several species o f  p a r ­
ro tfish  m ay  be dep le ted  in  S tage  II o r  III  fisheries. 
B utterflyfish a re  collected  fo r the a q u ariu m  trad e  
an d , p a rticu la rly  in S tage  III  fisheries, a lso  fo r food . 
T h ey  generally  ea t sm all a m o u n ts  o f  co ral po lyps 
fro m  several co lon ies each  d a y . thereby  m inim izing 
effects o n  p a r tic u la r  co ra ls . It is conceivab le  th a t, in 
a  S tage  I fishery, red u ctio n  o f  p red a tio n  cou ld  
actually  fav o u r co ra lliv o ro u s fish. M o st o th e r c o ra l­
livores (e.g ., ech in o d erm s a n d  g astro p o d s) have little 
com m erc ial va lue  a n d  a re  n o t w idely harvested . 
V o lu n tee r d ivers a re  frequently  enlisted  to  harvest 
th e  starfish  (A canthaster planci). H ow ever, starfish 
p o p u la tio n s  inevitably  decline  w ith in  w eeks o r 
m o n th s a f te r  a n  o u tb u rs t ,  a n d  it h a s  been difficult to  
d e m o n s tra te  (hat h a rv es tin g  has accelera ted  these 
declines (Y am ag u ch i, 1986).

(c) S econdary  effects o f  prey  rem oval by  p re d a to rs  have 
been difficult to  d em o n s tra te  (Jen n in g s a n d  Po lunin . 
1997). T h ere  is reaso n ab le  ev idence th a t the p rim ary  
cause  o f  recent o u tb re a k s  o f  A canthaster  o n  the 
G re a t B arrie r R eef has been th e  rem oval by  fishing 
o f  a  su ite  o f  leth rin id -like  fishes w hich  no rm ally  feed 
o n  y o u n g  sta rfish  (B ra d b u ry  a n d  Seym our, 1997). 
Ev idence th a t rem ov ing  p re d a to rs  o f  herb iv o ro u s 
fish leads to  increases in p o p u la tio n s  o f  th e  la t te r  has 
been w eak a t  best, a lth o u g h  it h as been suggested 
th a t it h a s  locally  led  to  ex tensions o f  the R an d all 
zones (Jenn ings a n d  P o lu n in . 1997). T here  is re aso n ­
ab le  evidence th a t rem oval o f  triggerfish by fishers 
m ay  be linked  to  increases in th e  b u rrow ing  
sea u rch in  (E chinom etra ), lead ing  to  extensive 
b ioerosion  in reefs in  K e n y a  (M c C lan a h an  and  
M u th ig a , 1988; M cC lan ah an  e t a l.,  1996).

(d) T h e  best-estab lished  case  in w hich fishing fo r  her­
b iv o ro u s fish has been  im plica ted  as a  cau se  o f  a  
c o ra l-a lg a l p h ase  sh ift is th e  Jam aica  exam ple dis­
cussed above. G lo v ers  R e e f in Belize, w here fishing 
fo r  herb ivores is  considered  a n  im p o rta n t fa c to r  in 
th e  re d u c tio n  o f  co ra l by  75%  a n d  th e  increase in 
m acro alg ae  by  315%. o v er a  25-year p e rio d  provides 
a  sim ilar case  (M cC lan ah an  a n d  M u th ig a, 1998). 
T h e  p ro b lem  o f  c o ra ls  becom ing  rep laced  by fleshy 
m acro alg ae  is w orldw ide, b u t it rem ains difficult to  
d is tin g u ish  th e  effects o f  reduced  herb ivo ry  fro m  
th o se  o f  increased  o rg an ic  n u trien ts.

(e) A lth o u g h  h a rvesting  o f  n a tu ra lly  g ro w in g  co ral reef 
seaw eeds is w idesp read , th e  species involved (e.g., 
Caulerpa spp .) a re  ra re ly  im p lica ted  in  overgrow ing  
o r  o therw ise  rep lacing  c o ra ls  on  large  scales.

(f) R un-ofi' a ssociated  w ith  co as ta l villages m ay  include 
u n trea te d  sew age, n u trie n ts  fro m  detergen ts, and

fertilizers. H eavily  fished reefs a re  genera lly  associ­
a ted  w ith  heavily  se ttled  c o as ts  a s  well. A well- 
d o cu m en ted  case  o f  o rg an ic  en rich m en t cau sin g  a 
sh ift to  a lgal d o m in an ce  is th a t  o f  K an eo h e  Bay 
(K insey , 1988), w here  th e  rem o v a l o f  a  sew age source 
w as fo llow ed by reversion  to  co ra l d o m in an ce  in 
m any  p a r ts  o f  th e  Bay. H ow ever, o th e r  factors, 
includ ing  fishing, m ay  hav e  p lay ed  a  su b s ta n tia l role 
(H u n te r  a n d  E vans, 1994; S tim so n  e t a l., 1996).

E n h an c in g  d irec t h a rv est o f  fleshy algae

As the ran g e  o f  p ro d u c ts  o b ta in ab le  f ro m  seaweeds 
increases, it m ay  be possib le to  dev e lo p  industries 
to  en co u rag e  fishers to  reduce fish ing  tim e  in  favour 
o f  h a rv estin g  p ro b lem atic  m ac ro a lg a l species. F o r  
exam ple, th e  s lope  o f  a  long  fring ing  ree f  in  so u th e rn  
p o rtio n s  o f  B olinao  (w estern  L u zo n , Philippines) is 
d o m in a ted  b y  Sargassum  sp p . T h e  p lan ts  sco u r the 
su b stra te , p rev en tin g  th e  se ttlem en t o f  co ra ls . H isto rica l 
reco rds a re  lack ing , bu t th e  s itu a tio n  is supposed ly  
relatively recen t a n d  m ay  be re la ted  to  ag ricu ltu ra l 
run-off. T h e  seaw eed co u ld  be easily  p rocessed  to  m ake  
liquid  fertilizer. M o re  generally , h u n d red s  o f  p ro d u c ts  
have been  developed  from  re e f a lgae  (e.g. E ucheum a  and  
K apaphycus) by  investo rs engaged  in  th e ir large-scale 
cu ltiv a tio n  (M c M a n u s e t a l., 1992). T h e  developm en t o f  
an  indu stry  fo r  ex p lo ita tio n  o f  w ild  a lgae  m ay  n o t only 
reduce fishing p ressu re  in  th e  a rea , b u t  co u ld  possibly 
enh an ce  c o ra l g ro w th  (M cM an u s e t al.. 1992). T h u s, the 
w eak link  betw een th e  fisher a n d  th e  fleshy a lgae  h as the 
p o ten tia l to  be  streng thened .

T he 1997 to  1999 g lobal b leach ing  event

T h e  g re a tes t co n cern  w ith  fishing is th e  p o ssib ility  that 
th e  recoverab ility  o f  reefs to  d is tu rb an ces  is reduced. 
M o st reefs a re  sub jected  to  m a jo r d is tu rb an ces  on  a 
sp o rad ic  basis. Su ch  even ts w o u ld  p ro v id e  a n  o p p o r­
tu n ity  to  test w h e th er reefs subject to  in tense  fish ing  fo r 
h e rb ivo res a re  m o re  likely to  u n d e rg o  a  p h ase  shift. 
D u rin g  th e  u n u su a lly  s tro n g  El N iñ o  even t fro m  1997 to  
1998, ex ten d in g  in to  L a N iñ a  o f  la te  1998 to  1999, sea 
su rface  tem p e ra tu res  w ere un u su a lly  h ig h  fo r  variab le  
p e rio d s acro ss  a  large percen tage  o f  th e  w o rld ’s coral- 
su p p o rtin g  w aters. R e p o rts  o f  m assive  co ra l m o rta lity  
co v er m o st o f  these a rea s  (W ilk inson , 1998). T h is  could  
p ro v id e  th e  u ltim a te  test fo r o u r  hypothesis.

F o rtu n a te ly , n o t all reefs w ith in  a re a s  o f  ano m alo u sly  
h igh  w a te r tem p era tu res  w ere sub jected  to  bleaching. 
F a c to rs  such  a s  local upw elling  a n d  lo n g -te rm  a d a p ­
ta tio n  o f  som e co ra ls  to  period ic  c o n ta c t w ith  en tra in ed  
h ea ted  w a te r m asses a p p ea r  to  hav e  lim ited  th e  effects 
a n d  the full ex te n t o f  the d am ag e  h a s  y e t to  be  q u a n ti­
fied. M o re  significantly , how ever, e fforts a re  n eeded  to
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d e te rm in e  o v er th e  n ex t few  y ears w hich , i f  any , o f  these 
d am ag ed  reefs h a s  u n d e rg o n e  a c o ra l-a lg a l p h ase  sh ift.

W e p red ic t th a t th o se  reefs  th a t  hav e  su p p o rte d  
in tensive  fisheries will be th o se  least likely to  recover 
fro m  th e  b leach in g  even t. U ltim a te ly , these  reefs a re  
a lso  o f  g rea tes t co n cern , because  th e ir  d e g rad a tio n  will 
have the m o st serious consequences fo r th e  hu m an  
p o p u la tio n s  th ey  su p p o rt.
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