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A bstrac t

Tabular and staghorn corals of the genus Acropora often form low-diversity stands on shallow 
coral reefs, presumably due to their rapid growth rate and ability to outcompete understorey 
assemblages. Coral cover underneath the abundant Indo-Pacific tabular coral. Acropora hy­
acinthus, was four times lower than on the adjacent substratum on the reef crest at Lizard Island 
on the northern Great Barrier Reef. We investigated the effect of A. hyacinthus on patterns of 
recruitment and mortality by placing experimental panels and coral fragments underneath large 
colonies of A. hyacinthus. After 8 weeks, recruitment of corals, filamentous algae and crustose 
coralline algae (CCA) underneath A. hyacinthus was 96, 85 and 50% lower, respectively, 
compared to panels placed in the open. In contrast, recruitment by bivalves and polychaetes was 
uniform among treatments, while bryozoans recruited four times more abundantly under A. 
hyacinthus than in the open. Consequently, the low rate of recruitment by corals beneath A. 
hyacinthus does not appear to be due to a reduction in the delivery of larvae underneath tables. 
Instead, the disparity between phototrophic and heterotrophic taxa suggests that diminished light 
levels under A . hyacinthus are partially responsible for the divergence in recruit assemblages. To 
test the effect of A. hyacinthus on early mortality and growth of established organisms, 
recruitment panels were placed on the open for 9 weeks then transplanted underneath A. 
hyacinthus for a further 8 weeks. The survivorship o f juvenile corals underneath tables was less 
than half that of those on control panels on the unshaded reef crest. Furthermore, the abundance of 
algal turfs and CCA was sharply lower on transplanted panels. In contrast, heterotrophic 
organisms increased in cover, regardless of treatment. Experimental branch fragments of Acropora 
intermedia and Pocillopora damicornis also survived poorly following transplantation underneath 
A. hyacinthus, compared to adjacent, unshaded controls. We conclude that A. hyacinthus is a 
formidable competitor which can kill neighbouring corals by overgrowing them, and pre-empt 
future competition by reducing coral recruitment. © 2000 Elsevier Science B.V. All rights 
reserved.
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1. Introduction

C om petition  fo r space  is an im portan t p rocess affecting  the com m un ity  s tructu re  o f 
sessile , b en th ic  assem blages. On coral reefs, com petitive  in te rac tions a re  ub iqu itous, 
particu la rly  in shallow  w ater w here recru itm en t and  g row th  rates a re  h igh , and w here 
space  is often lim iting  (e.g. C onnell, 1976, 1978; Jackson , 1977; S heppard , 1982). 
C om petition  am ong  corals on tropical reefs m ay be e ith e r d irec t (invo lv ing  con tac t and 
aggression  betw een  neighbouring  colonies), o r indirect. T he la tte r m echan ism s inc lude  
alle lopathy  and  overtopp ing , w here in terac tions betw een  co lon ies a re  m ed ia ted  th rough  
th e  w ate r co lum n. A reas o f  substratum  beneath  overtopp ing  co lon ies are likely  to  have 
reduced  am b ien t light, few er exogenous food  partic les, and h igher rates o f  sed i­
m en ta tion , all o f  w hich  are likely to have  a de le terious im p ac t on su scep tib le  species 
(L an g  and C hornesky , 1990).

O v ertopp ing  m ay  also affect the e s tab lishm en t o f  po ten tia l com petito rs by inh ib iting  
larval rec ru itm en t (e.g. S tim son , 1985; W allace, 1985a; F isk  and H arrio tt, 1994). L arval 
se ttlem en t is in fluenced  by  reduced  light levels since coral larvae  exh ib it species-specific  
behav ioura l responses to  the  quality  and quan tity  o f  ligh t (M undy  and B abcock , 1998). 
F u rth e rm o re , the supp ly  o f  la n a e  to the substra tum  u n d er overtopp ing  co ra ls m ay  be 
a ltered  by changes in the patterns o f  w ate r m ovem en t (e.g. M ullineaux  and  G arland , 
1993), o r  reduced  th rough  p rese ttlem en t p redation  by the estab lished  co ra ls (e.g. G lynn, 
1973). M icro  fou ling  com m unities under overtopp ing  co ra ls m ay also be  altered , 
d ep riv in g  co ra ls  o f  necessary  cues fo r se ttlem en t (M orse  et al., 1988, 1996), w hile 
fac ilita tion  o f  coral recru itm en t by the activ ities o f  herb ivo res m ay a lso  be reduced  
(D art, 1974; B irkeland  and  R andall, 1982). E arly  p o stse ttlem en t m ortality  is a lso  likely 
to be  a ffec ted  by  overtopping . F o r exam ple, ‘bu lld o z in g ’ by ech ino ids o r  snails m ay 
increase  o r d ecrease , depend ing  on how  they aggregate  w ith  respec t to  overs to rey  corals, 
w h ile  parro tfish  g razing  is likely  to be low er underneath  overtopp ing  co ra l (S am m arco , 
1980, G leason , 1996).

A c ro p o ra  hya c in th u s  is a tabu lar coral w hich  often  dom inates the ree f c re s t and 
shallow  re e f  slope  on coral reefs th roughou t the Indo-Pacific , from  the W estern  Indian  
O cean  to  F rench  P o lynesia , and in the R ed Sea (V eron and W allace, 1984). I t  form s 
ro b u st ho rizon ta l tables up  to several square  m ete rs  in size th a t are  typ ically  a ttached  to 
th e  sub s tra tu m  by a sh o rt cen tral stalk . Its g row th  form  and  shallow  depth  d is tribu tion  
m akes it su scep tib le  to  cyclones (e.g. H ughes and  C onnell, 1999), and it is frequently  
ea ten  by th e  c ro w n-o f-tho rns starfish, A ca n th a ster  p la n c i (e.g. C olgan, 1987). N o n e th e ­
less, A . h ya c in th u s  recru its abundantly  both  sexually  and  asexually  (e.g. W allace, 1985b, 
Sm ith  and  H ughes, 1999), and grow s rap id ly  (S tim son , 1985), enab ling  it to recover 
qu ick ly  fo llow ing  d is tu rbance  (e.g. Pearson , 1981; C o lgan , 1987). The rap id  recovery  
and  rou tine  h igh m ortality  o f  tables creates a com plex  m osaic  o f  shaded and  unshaded  
h ab ita t at d iffe ren t stages o f  recovery . T he dynam ic  natu re  o f  the A  hyac in thus  canopy 
m ay gen e ra te  cond itions w hereby o rgan ism s w ith  d ifferen t life h istories and  physio log i-
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cal requ irem en ts can  adap t to  d ifferen t stages in th e  d is tu rbance  reg im e, analogous to the 
g row th  cycle  o f  trop ical forests (W hitm ore, 1989).

T w o  stud ies have  c lose ly  exam ined  the effec t o f  A cro p o ra  hya c in th u s  on coral 
assem blages, w ith  conflic ting  resu lts . S heppard  (1981) com pared  th e  coral com m un ity  
under A cropora  hya c in th u s  to  th a t ou ts ide the tab les, a t 10 m  dep th , on  B roadhu rs t R eef, 
in the cen tra l G reat B a rrie r R eef, bu t reco rded  no d ifference . In con trast, S tim son  (1985 ) 
exam ined  th is pa tte rn  at 2 - 3  m  depth  on E n ew etak  A to ll, in the C en tra l Pacific , and 
show ed  th a t th e  density  and diversity  o f  corals w as sharp ly  reduced  ben ea th  A. 
hyac in thus. A cro p o ra  hyac in thus  m ay also influence patterns o f  coral recru itm en t, 
a lthough  again  the ex is ting  ev idence  is con trad ic to ry . W allace  (1985a) found  that 
rec ru itm en t by  co ra ls  a fte r 4  m onths onto  experim en tal p la tes  p ositioned  underneath  A. 
hya c in th u s  w as fo u r tim es low er than on ad jacen t unshaded  p la tes. M oreover, none  o f  
the recru its  fo und  under A . hyacin thus  w ere acroporids o r p o c illopo rid s , w hich 
dom ina ted  the unshaded  panels. In contrast, F isk  and H arrio tt (1994 ) found  tha t 
rec ru itm en t beneath  A . hyac in thus  a fter 5 m onths w as reduced  m uch m ore m arkedly , 
reco rd ing  a  70 -fo ld  decline. In con trast to W allace (1985a), they fo und  a p ronounced  
increase  in the  re la tive  abundance  o f  pocillopo rid s on shaded  panels . T h e  p re- and 
p o st-se ttlem en t m echan ism s responsib le  for the reduction  in recru itm en t underneath  A. 
h ya c in th u s  rem ain  unclear.

In th is paper, w e conducted  a series o f  experim en ts to  in v estig a te  the  effec ts  o f  A . 
hya c in th u s  on its ne ighbours. T o clarify  ea rlie r resu lts th a t have been con trad ic to ry  
(S h ep p ard , 1981; S tim son , 1985), w e first com pare  the  s tructu re  o f  the  coral assem blage  
underneath  A cro p o ra  hyac in thus  to tha t in the open  to estab lish  the ex ten t o f  any 
d ivergence  in these  assem blages. W e then te s t the e ffec t o f  A . hyac in thus  on  the 
rec ru itm en t p a tte rn s o f  co rals, and on  the su rv ivorsh ip  o f  coral ju v en iles  and adults. In 
add ition , w e exam ine  fo r the first tim e the e ffec t o f  A . hyac in thus  on  the  pa tte rn s  o f  
recru itm en t, early  su rv ival and g row th  o f  o ther pho to troph ic  and  hetero troph ic  fou ling  
organ ism s. W e h y p o th es ise  th a t all taxa shou ld  show  som e reduction  in recru itm en t 
underneath  A . hya c in th u s  i f  reduced  w ater flow causes a low ering  in rates o f  de livery  o f 
larvae. A lte rna tive ly , reduced  light levels w ould  be im plica ted  if  th e  grow th  and 
su rv ivo rsh ip  o f  pho to troph ic  o rgan ism s w as d isp roportionate ly  affected.

2. Materials and methods

T h e  study  w as conduc ted  on th e  ree f c res t at L izard  Is land  on the no rthern  G reat 
B a rrie r R e e f  (14° 4 1 'S , 145° 2 8 'E ) . T he ree f c re s t coral assem blage  a t th is location  is 
typ ical o f  m odera te ly  exposed , o ffshore (m id-shelf) reefs on the B arrier R eef, and  is 
o ften  do m in a ted  by A cropora  hyacin thus, w hich form s a d is tinc t zone from  1 to 3 m 
dep th  (e.g. D one, 1982). A n initial survey w as conduc ted  to  com pare  th e  abundance  o f 
co ra ls  and  co m m un ity  struc tu re  underneath  A. hyac in thus  and on the ad jacen t re e f  crest. 
T en  co lon ies (1 - 1 .5  m  in d iam eter) o f  A. hyacin thus  w ere se lec ted  haphazard ly  a t 2  m 
depth , the ir c ircu m feren ce  w as m easured , and th e  ou tline  o f  the colony w as m arked  on 
the substra tum  w ith  a length o f  chain . T h e  co lon ies w ere then rem oved  to  fac ilita te
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sam pling  o f  the understo rey  assem blage  enclosed  w ithin the ch a in ed  area. T w o  c ircu la r 
p lo ts on the re e f  c res t im m edia te ly  north  and south  o f  the sa m p le d  co lon ies o f  A . 
hyac in thus  w ere de lim ited  using  the sam e leng th  o f  chain . A ll coral co lo n ies  underneath  
the A . hyac in thus  tab les and w ith in  the chained  areas on  the c re s t w ere iden tified  to 
species. F o r each co lony , th e  m ax im um  diam eter and th e  d iam ete r p e rp en d icu la r to it 
w ere m easured  to  th e  n eares t cen tim eter. T h e  area o f  each  c o lo n y  w as ca lcu la ted  
assum ing  the co lony  w as an ellipse. T he co v er o f  each  taxonom ic  g ro u p  (see R esu lts) 
w as ca lcu la ted  by sum m ing  the areas o f  each  co lony  and d iv id ing  the  to tal by  th e  size  o f 
the sam pled  plots.

2.1. E ffec ts  o f  A cropora  hyac in thus on  recru itm ent

T o te s t w hether co ra l rec ru itm en t w as reduced  beneath  A cro p o ra  h ya c in th u s, rep lica te  
recru itm en t panels w ere p laced  underneath  tables and in the open on  th e  re e f  c res t a t a 
depth  o f  2  m. T he pane ls  w ere d ep loyed  fo r 9 w eeks on tw o sep a ra te  occasions to 
exam ine the influence o f  A . hyac in thus  on tw o cohorts o f  coral la rv ae  tha t d iffered  
substan tia lly  in taxonom ic  com position , due  to  seasonal variation in la rval spaw ning  and 
se ttlem ent. T he first d ep lo y m en t w as from  January  8 to  M arch  10, 1994, and w as tim ed  
to co llec t pocillopo rid s w hich re lease brooded  larvae over an ex ten d ed  period  (T anner, 
1996). T he second  w as from  N o v em b er 5, 1994 to January  6, 1995, tim ed  to  co llec t the 
larvae o f  b roadcast sp aw n ing  species w hich  spaw ned  a t L izard  Is land  on  22  N ovem ber, 
1994 [L. V ail, personal com m unication ]. T he recru itm en t panels w ere  a ttached  h o rizo n ­
tally  to racks construc ted  o f  ga lv an ized  w ire m esh, approx im ately  10 cm  above the 
substratum . P airs o f  ung lazed  clay  pav ing  tiles ( 1 1 X 1 1 X 1  cm ) w ere  b o lted  e ith e r side 
o f  the m esh  to form  a ‘san d w ich ’, w ith  th ree  tile  pairs p e r rack. S ix teen  racks (eight per 
trea tm en t) w ere used  fo r the  first dep loym ent, and a fu rther ten  racks fo r th e  second  (five 
per trea tm en t). A fte r re trieval the tiles w ere b leached  to rem ove so ft tissues and 
filam entous algae, rin sed  in fresh w ater and dried . A ll surfaces o f  each  tile  p a ir  (572  c m 2 
per tile  pair) w ere cen su sed  fo r ju v en ile  corals using  a stereo  d issec to r m icro scope  at 
10 X m agn ification  and iden tified  to  the fam ily  level (A croporidae, P ocilloporidae , 
Poritidae, and  ‘o th e rs’ ) w h ich  is th e  m ax im um  reso lu tion  ach ievab le  in coral recru its  o f 
th is age  (e.g. H ughes e t al., 1999).

T o m easure  the effec ts o f  A cro p o ra  hyacin thus  on th e  recru itm en t pa tte rn s  o f  o ther 
fou ling  organ ism s, six tile -pairs  from  each trea tm en t from  the N o v em b er 1994 
dep loym en t w ere censused , and the n um ber o f  b ryozoans, p o ly ch ae te  w orm s and 
b ivalves w ere coun ted . S even teen  bryozoan  and fou r po lychae te  taxa w ere d is tingu ished . 
T o estim ate  the co v er o f  cru s to se  cora lline  algae (C C A ) and filam entous algae , 
pho tographs w ere taken  o f  each  tile , p rio r to  b leaching. Slides w ere p ro jec ted  on to  pap er 
covered  w ith  a 7 X 7 sq u a re  array o f  poin ts, w ith  a  fiftieth p o in t p laced  a t random . T he 
n um ber o f  po in ts covered  by C C A  and filam entous algae w as coun ted  to  estim ate  
percen t cover. A fte r b leach ing , a s im ila r array  o f  50 po in ts per tile  was used  to estim ate  
the a rea  co v er o f  o th e r ca lcareous organ ism s, inc lud ing  bryozoans, barnacles, b ivalves 
and po lychae tes.
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2.2. E ffec t o f  A cropora  hyac in thus o n  surv ivorsh ip  o f  cora ls a n d  th e  d eve lopm en t o f  
fo u lin g  assem blages

T o  m easu re  the im pact o f  A cro p o ra  hyac in thus  on  the early  su rv iv o rsh ip  o f  corals, 
p ane ls  w ere first seeded  w ith  field  recru its  by p lac ing  them  on th e  c re s t  fo r 9 w eeks, 
a fte r w hich h a lf  w ere p laced  underneath  tab les and th e  rem ainder p o s itio n e d  in the open  
as con tro ls fo r a fu rther 8 w eeks. T en  racks (30  tile  pairs) w ere p la c e d  on th e  ree f in 
N o v em b er 1994 to co llec t recru its  (at the sam e tim e as th e  se c o n d  dep loym ent, see 
above). A fte r 9 w eeks, all racks w ere  rem oved  from  the su b s tra tu m  and  the ex te rio r 
su rface  o f  the bo ttom  tile  in  each  tile p a ir  w as pho tographed . F iv e  o f  the racks w ere 
rea ttach ed  beneath  A . hyac in thus  co lo n ies  and five w ere hand led  id en tic a lly  bu t re tu rned  
to  the open  re e f  crest. A ll racks w ere re trieved  8 w eeks later (g iv ing  a  to tal d ep lo y m en t 
du ra tion  o f  17 w eeks), and th e  tiles w ere  pho tographed  again . T h e  tw o sets o f  
pho to g rap h s enabled  us to fo llow  the fate  o f  ind iv idual recru its over th e  second  (8 w eek) 
period . R ecru its  g reater than 1 -2  m m  w ere detec tab le  in th e  p h o to g rap h s. A ll o f  these  
w ere  pocillopo rid s (as de term ined  from  th e  final census o f  the b le a c h e d  tiles) w h ich  are  
la rger a t se ttlem en t and grow  faster than  o ther corals (B abcock , 1985; Sato, 1985). In 
add ition  to  fo llow ing  the su rv ival o f  ind iv idual recru its, w e e s tim a ted  th e  m orta lity  o f 
th e  fou r coral taxa by com paring  changes in the m ean num ber o f  recru its on the 
b leached  tiles in each  o f  the three trea tm en ts (9 w eeks open, 17 w eek s  open, 9 w eeks 
open  then 8 w eeks under A . hya c in th u s). T he significance o f  d iffe ren ces in the num bers 
o f  co ra ls w as tested  using one-w ay A N O V A . T o m easure the e ffec t o f  transp lan ta tion  
underneath  A. hyac in thus  on the dev e lo p m en t o f  the fou ling  a ssem b lag e  the area  co v er 
o f  the various non-coral taxa  w as also m easu red  using 50 dots p e r pane l su rface , as 
d escrib ed  above. P ercen t co v er da ta  w ere lo g 10 ( x + 1 )  tran sfo rm ed  to sa tisfy  the 
assum ption  o f  ANOVA. D ifferences betw een  the trea tm en ts w ere ex am in ed  using  L SD  
p ost-hoc  tests.

T o  te s t th e  hypothesis th a t A cro p o ra  hyac in thus  influences th e  su rv iv a l o f adu lt 
co ra ls , coral fragm ents w ere tran sp lan ted  underneath  tables, and ad jacen t con tro ls w ere 
p laced  in the open. S ix ty  fragm ents, 6 - 8  cm  in length , w ere g en era ted  from  tw o 
com m on species; the staghorn  A cro p o ra  in term edia  (fo rm erly  A. n o b ilis ) and a sm all 
b ushy  co ra l, P ocillopora  dam icorn is. F ragm en ts w ere tied  to nails d riven  into the 
substra tum  to p reven t m ovem en t and ab ras ion , and h a lf  w ere p laced  underneath  and 
ou ts ide  A . hyacin thus. A fte r 8 w eeks, all fragm en ts w ere re trieved  and cen su sed  as e ither 
a live  o r  dead (defined as 100%  tissue loss).

3. Results

3.1. P a tte rn s o f  adu lt co ra l abundance

E stab lish ed  corals w ere fou r tim es less abundan t underneath  A cro p o ra  hyac in thus  
than  in th e  open  ( 1 6 .6 % ± 4 .8  (S .E .) versus 7 2 .1 % ± 3 .7 , F ig. 1). T he reduc tion  in co v er 
d iffe red  m arked ly  am ong taxa, resu lting  in a substan tia l d ivergence  in assem bly



122 A .H . Baird, T.P. H ughes  /  J. Exp. M ar. B  io!. E co l. 25 1  (2 0 0 0 ) !  1 7 - 1 3 2

■  outside 

□  under
30 -

/  ^  «

Fig. 1. M ean percen tage cover (± S .E .)  o f  e ight categories o f  adult co rals  on the  open re e f  crest (b lack  bars) 
and  underneath  A cropora  hyacin thus  tables (open bars).

struc tu re . T h e  open , crest assem blage w as dom ina ted  by  A cropora  species (3 2 .4 % ± 4 .8 , 
F ig . 1 ), w h ich  com prised  alm ost h a lf  o f  th e  total co ra l cover. A cro p o ra  species w ere six 
tim es m ore abundan t in the open than underneath  th e  tables (4 .9 ± 1 .3 % ). A cropora  
h ya c in th u s  accoun ted  for over ha lf o f  the  A cro p o ra  co v er on the crest, bu t it w as not 
reco rded  underneath  ano ther table. M ussid s (p rim arily  Sym phyllia  spp .) w ere v irtually  
ab sen t u n dernea th  tables and the abundance  o f  a lcyonacean  soft corals w as e igh t tim es 
lo w er (F ig . 1 ). M ound-shaped  faviids and  encrusting  M ontipora  species w ere re la tive ly  
m ore  ab u n d an t in the  understorey  assem blage , bu t even these taxa  show ed a 2- to 3-fold 
decline . C o ra ls underneath  A . hyacin thus  w ere o ften  b leached  o r partia lly  dead, 
p articu la rly  on those  parts o f  the co lony  th a t faced  inw ards aw ay from  th e  g row ing  edge 
o f  th e  A . hyacin thus. O bviously , the low er abundance  o f  corals m ust be due to a h igher 
ra te  o f  m orta lity  a n d /o r  a low er rate  o f  rec ru itm en t and  grow th  underneath  tab les (see 
below ).

3.2. P a tte rn s o f  recru itm en t

T h e  am o u n t o f  rec ru itm en t o f  corals w as approx im ate ly  20-tim es low er on panels 
p laced  fo r 9 w eeks underneath  A cropora  hya c in th u s  com pared  to  th e  open (T ab le  1, F ig.
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T ab le  1
N um ber o f coral recru its and the p roportion  (% ) o f  recruits on upper and low er tiles  com pared  betw een  tiles 
under A cropora  hyacin thus  and in the  open on  each sam pling occasion

T rea tm en t Tile A croporidae Pocilloporidae Poritidae O ther Total

Ja n u a ry - O pen L ow er 44 (90) 114 (81) 3 (100) 9 ( 9 0 ) 170 (84)
M arch U pper 5 (1 0 ) 26 (19) 0  (0) 1 (1 0 ) 32 (16)

U nder L ow er 1 (5 0 ) 0 ( 0 ) 0  (0 ) 0 ( 0 ) 1 (11)
U pper 2  (50) 5 (100) 1 (100 ) 1 (100 ) 9 ( 8 9 )

N o v e m b er- O pen Low er 545 (72) 205 (69) 10 (77) 23 (8 8 ) 783 (71)
January U pper 216 (28) 90  (31) 3 (23) 3 ( 1 2 ) 312 (29)

U nder Low er 5 (36) 7 (16) 1 (50) 0 ( 0 ) 13 (25)
U pper 9  (64) 36  (84) 1 (50) 2 (1 0 0 ) 48 (75)

2). In  the first dep loym ent, 68%  o f  all recruits w ere from  the fam ily  P ocilloporidae , 
com pared  to  29%  fo r th e  second  dep loym ent w hen the b ro ad cas t sp aw n ing  A croporidae  
w ere  m uch m ore  abundant. In  both  dep loym ents , the abundance  o f  recru its  o f  all taxa 
w as reduced  under A . hyac in thus  (F ig . 2). O nly ten recru its occurred  under tab les fo r the 
first dep loym en t com pared  to  202 on the crest, rising  to  61 and 1095, respec tive ly , for 
the second  dep loym en t. F o r th e  latter, the  reduction  in the density  o f  po c illo p o rid s  under 
A . hyac in thus  w as m uch less p ronounced  than fo r acroporids, resu ltin g  in a p ronounced  
d ifference  in the stru c tu re  o f  the recru it assem blage am ong trea tm en ts (F ig . 2 , /t 2 =  58.3, 
d f = 3 ,  /> < 0 .0 0 1 ) .

T h e  position  o f  co ra l recru its on th e  tile-pairs d iffered  m arkedly  b e tw een  trea tm en ts, 
due to  a sh ift from  the low er tile  in the open  to the upper, m ore  exposed , tile  under 
A cropora  hyac in thus. F or the first dep loym ent, 89%  o f  th e  coral recru its under A. 
hyac in thus  w ere p ositioned  on th e  top tile  com pared  to only  16% in th e  open  (T ab le  1). 
S im ilarly , fo r the second  dep loym ent, 75%  o f  recruits u n d e r A. hyac in thus  w ere  on the 
top  tile  com pared  to  only  29%  on th e  crest. T his pattern  w as s im ila r in all co ra l taxa  
(T ab le  1). N ote, how ever, th a t even though the p roportion  o f  coral recru its on th e  upper 
tile w as a lw ays less on the  crest, in absolute te rm s these  upper tiles still had m ore 
recruits than any tile  su rface p laced  underneath  the tables (T ab le  1).

M ajo r d iffe ren ces w ere ev iden t in the taxonom ic  com position  o f  th e  fou ling  
com m un ities th a t deve loped  on the panels (T ab le  2). In m arked  co n trast to corals, 
overall d ensities o f  b ryozoans w ere fou r tim es h igher under A cropora  hya c in th u s  than  in 
th e  open  (T ab le  2 ). T en o f  the seven teen  bryozoan  taxa w ere 2 - 1 0  tim es m ore  abundan t 
under A. h ya c in th u s , th ree  w ere equally  abundan t in both  hab ita ts , w h ile  only  fo u r rare 
taxa  w ere m ore ab u n d an t ou tside (T ab le  2). F o r all taxa com bined , b ryozoans covered  
9 .8 ±  1.5% o f  the tiles p laced  underneath  A. hyac in thus  a fter 8 w eeks, m ore than  tw ice 
th a t o f  th e  pane ls  on the open crest (F ig . 3). In contrast, there  w as no sign ifican t 
d ifference  in den sity  o r area co v er o f  serpu lid  po lychae tes am ong  the tw o  trea tm en ts 
(T ab le  2; F ig . 3). T h e  density  o f  crustose  co ra lline  a lgae  (C C A ) w as 50%  lo w er under A. 
hyac in thus  than  in the open  (T ab le  2). S im ilarly , the m ean  a rea  cover o f  C C A  w as one 
fifth o f  th a t in the  open  (Fig. 3), ind ica ting  tha t the average rec ru it was sm a lle r under A. 
hyac in thus  a fte r  9 w eeks. P red ic tab ly , the percen t cover o f  filam entous a lgae  w as also 
substan tia lly  lo w er under A. hyacin thus, w ith a m ean  o f  3 2 .7 ± 3 .5 %  in th e  open
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Fig. 2. M ean num ber (± S .E .)  o f  coral recru its on experim ental panels p laced  for 9 w eeks on  the open  ree f 
crest (b lack  bars) and underneath  A cropora  hyacin thus  tab les (open bars). Panels w ere  dep loyed  on tw o 
sam pling  occasions; January  1 9 94-M arch  1994 (to p ) and N ovem ber 1994 -January  1995 (bottom ).

com pared  to 4.5 ± 0 .9 %  underneath  the  tab les  (Fig. 3). P rincipal com ponen ts analysis 
ind ica tes tha t the faunal assem blages in th e  tw o trea tm en ts w ere very d iffe ren t, m ainly  
due  to  th e  paucity  o f  co ra ls and C C A  and  the relatively  high density  o f  b ryozoans 
underneath  A . hyac in thus  (F ig . 4).



A .H . Baird, T.P. H ughes  /  J. Exp. M ar. B io l. Ecol. 251 (2000) 1 ¡ 7 - 1 3 2 125

T ab le  2
M ean n um ber (and 1 S .E.) o f  various calcareous organ ism s under A cropora  h ya cin th u s  and in  the  open; the 
final colum n show  the p roportional increase  o r decrease  in  th e  m ean num ber o f the  tax o n  in  the  open when 
co m pared  to  under A cropora  hyacin thus

H ig h er taxa Taxon U nder

M ean S.E.

Open

M ean S.E.

D ifference

B ivalv ia B ivalvia 45.2 12.76 48.3 5.81 0.9

Polychaeta Serpulid  sp a 136.2 24.93 87.0 24.67 1.6
Serpulid  sp_b 74.7 10.67 72.5 8.52 1.0
Serpulid  sp_c 6.2 0.60 18.8 1.58 0.3
F ilograna 5.7 1.23 5.8 1.54 1.0

A scophora Sm ittina 25.0 5.21 4.7 0.76 5.4
C ribrilinidae 19.2 4.67 1.3 0.61 14.4
F enestru lina 1.8 0.70 1.2 0.31 1.6
Ryncliozoon 7.7 1.78 4.0 0.97 1.9
W atersipora 0.5 0.22 0.5 0.22 1.0
P arasm ittina 15.2 3.11 1.3 0.42 11.4
C repidacanth idae 0.0 0.3 0.21
A scophora sp a 1.8 0.54 1.0 0.63 1.8
A scophora sp_b 1.2 0.48 1.2 0.31 1.0
A scophora sp_d 0.5 0.34 0.7 0.67 0.8
A scophora sp_e 0.8 0.31 0.0
A scophora sp_f 0.0 0.7 0.33
A scophora sp_g 0.0 0.2 0.17

T ub liopo ra ta A rticulata 5.7 2.38 1.5 0 .72 3.8
T ubiloporina 3.8 1.25 0.3 0.21 11.5
Lichenoporidae 32.7 2.12 3.3 1.52 9.8

A nasca Thalam oporella 9.3 1.89 2.5 0 .76 3.7

T otal po lychaeta 222.7 30.46 184.2 30.83 1.2
T otal A scophora 73.7 5.14 17.7 2 .44 4.2
T otal T ubu lipo ra ta 47.5 2.99 8.8 2 .52 5.4
T otal A nascan 14.3 2.01 3.0 0 .58 4.8
T otal c rustose  co ra line  algae 81.2 7.92 165.0 3.28 0.5
T otal b ryozoa 135.5 8.14 29.5 3 .79 4.6

3.3. E ffec t o f  A cropora  hyacin thus o n  surv ivorsh ip

T h e  rate  o f  m orta lity  o f  pocilloporid  recru its on tiles transp lan ted  under A cropora  
h ya c in th u s  w as th ree  tim es h igher than on th e  open  crest. A fter 9 w eeks in itia lly  on  the 
crest, th e  30  pairs o f  panels had  213 poc illo p o rid  recru its that w ere m apped  from  
clo se-up  pho tographs. O nly 9 .8%  su rv ived  fo r a  fu rth er 8 w eeks after transp lan ting  
under A . hyac in th us. In  contrast, 25 .3%  su rv ived  on tiles th a t w ere repositioned  in the 
open. A lth o u g h  only  1 0 -2 5 %  o f  m apped  ind iv iduals su rv ived  (depending on trea tm en t), 
th ere  w as no sign ifican t change from  9 to 17 w eeks in th e  m ean density  o f  pocilloporids 
(F =  1.18, .P =  0 .315 ) or o ther recruits (P  =  0 .354 , P  =  0 .7 0 4 ) in e ither trea tm en t (F ig . 5). 
In  con trast, the m ean  density  o f  acropo rid  recru its  dec lined  over tim e, by  30%  on the 
c res t and 36 .5 %  under A . hyacin thus (F  =  5 .129 , P  =  0.01 ; F ig. 5).
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Fig. 3. M ean percen t co v er (± S .E .)  o f filam entous algae, C CA , bryozoans, b ivalves and po lychaetes on panels 
p laced  fo r 9 w eeks on the  open  re e f c rest (b lack  bars) and  underneath A cro p o ra  hyacin thus  tab les (open bars).

W ith  the excep tion  o f  C C A  and filam entous algae , the non-sc lerac tin ian  fouling  
organ ism s (b ry o zo an s, po lychae tes, b ivalves) w ere no t adverse ly  affected  by  tran sp lan ta ­
tion  beneath  A cro p o ra  hyacin thus. B ryozoans and serpu lids increased in a rea  co v e r on 
both transp lan ted  and contro l panels by  betw een 2 0 0 -4 0 0 %  (F ig . 6), v irtua lly  covering  
them  by the end  o f  th e  study . B ivalves increased  in co v er tw ice  as fast u n d er th e  tables 
than in the open  (F ig . 6). In m arked  contrast, filam entous a lg ae  declined  by  tw o-th irds 
a fte r  8 w eeks u n d er A . hya c in th u s  w h ile  the ir coverage  on th e  transp lan ted  con tro ls 
doubled . T h e  a rea  co v er o f  C C A  on  panels p laced  under A . hyacin thus  d id  no t change, 
w h ile  the co n tro ls  a lso  doubled  (Fig. 6).

T h e  rate  o f  m orta lity  o f  transp lan ted  coral fragm ents w as substan tia lly  h ig h e r under 
A cro p o ra  hya c in th u s  a fte r 9 w eeks. A ll 60  fragm ents (30  each  o f  A cropora  in term ed ia  
and P ocillopora  d a m ico rn is ) tha t w ere p laced  in  the open su rv ived . A cropora  in term edia  
fragm ents in th e  open  w ere sligh tly  pa le  on surfaces in con tac t w ith the substra tum , bu t 
th ere  w as no tis su e  loss. P ocillopora  dam icorn is  fragm en ts in the open did no t bleach 
and  show ed  no signs o f  stress o r  tissue loss. In  m arked  con trast, all 30 fragm en ts o f  A .
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Fig, 4. Principal com ponents analysis o f  the  assem blages on panels  placed  fo r 9  w eeks on the open  re e f crest 
(circles) and  underneath  A cropora  hyacin thus  tab les (crosses). A xes I and 2  account fo r  79  and 16% o f  the 
varia tion , respectively . R eplicate  data  po in t are  tile  pairs, w ith six tiles  pairs p e r  treatm ent.

in term ed ia  p laced  under A . hya c in th u s  tab les d ied  after 9 w eeks, and h a lf  (15 ) o f  the P. 
dam icorn is  a lso  succum bed . M oreover, the su rv iv ing  fragm ents had lo s t 4 0 -9 5 %  o f  
the ir tissue, and few , if  any , w ere likely to have  rem ained  alive fo r m uch  longer.

4. Discussion

T h e  co v e r o f  adult co ra ls w as fo u r  tim es low er underneath  A . hyac in thus  tab les than 
on the ad jacen t ree f c res t in the  p resen t study  (F ig . 1). In con trast, p rev ious stud ies have  
found  a sm alle r effect, o r none a t all. S tim son  (1985 ) docum ented  a  reduction  o f  50%  in 
co v e r and 3 - 4  fold d ecrease  in density , com pared  to  unshaded  areas. In  con trast, 
S heppard  (1 9 8 1 ) found no d iffe rence  in the abundance and com position  o f  corals in the 
tw o hab ita ts . T he d isparity  betw een  these  stud ies m ay be caused  by the d ifferences in 
dep th , the  length o f  tim e since  the last m ajo r d istu rbance , o r  by d iffe rences in the
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Fig. 5. A bundance  (m ean n u m b er± S .E .) o f  recru its  o f  four coral taxa on  experim ental panels. T he  panels  were 
first deployed fo r  9  w eeks in the  open on the re e f c rest (represented  by the dark  bars). T he  grey  bars  represent 
pan e ls  that w ere repositioned on the  reef crest fo r a fu rther 8 w eeks (i.e . 17 w eeks in to ta l) and the w hite  bars 
rep resen t panels  p laced  under A . hyacin thus  tables (i.e . 9 w eeks in the  open on the ree f c rest then 8 weeks 
under A . hyacin thus). «  =  15 tile  pairs in each  treatm ent.

m orpho logy  o f  th e  A . hyacin thus  tab les. F o r instance, S heppard ’s study  site  was 
re la tiv e ly  deep  (10  m), and the A . hya c in th u s  co lon ies there  w ere likely to have  been 
ta lle r  and  w ith m ore  open b ranches than th o se  on the ree f crest. F urtherm ore, S heppard  
(1 9 8 1 ) reco rded  a relatively  m odest reduc tion  in ligh t levels underneath  deep A. 
h ya c in th u s  (range 5 -6 0 %  o f am bien t), com pared  to a  reduction  o f  up to  97%  recorded  
by S tim son  (1 9 8 5 ) a t 2 - 3  m. E ven  a 50%  reduction  in light in tensity  w ould  be 
app ro x im a te ly  eq u iva len t to an increase  in dep th  o f  5 - 1 0  m (depending  on the initial 
dep th  and w ater c la rity ), a  depth  d iffe rence  w hich typ ica lly  coincides w ith  significant 
changes in coral assem blages (e.g. D one, 1982) and patterns o f rec ru itm en t (e.g. 
B irke land  e t al., 1981; R ogers e t al., 1984; B a ird  and H ughes, 1997). S tim son  (1985 )
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Fig. 6. A bundance  (m ean percen t co v cr± S .E .) o f  filam entous a lgae, C C A , b ryozoans, b ivalves and  serpulid  
po lychaetes fo llow ing  transplantation  under A cropora  hyacin thus. T h e  transplanted  a ssem blage  (9  w eeks in 
the  open on  the  re e f  c rest) is rep resen ted  by the  dark  bars, the  grey  bars show  abundances a fte r a  further 8 
w eek  in the  open  (i.e . 17 w eeks in to ta l) and the w hite  bars rep resen t the  assem blages a fte r a  fu rther 8 w eeks 
p laced  under A . hyacin thus  tables (i.e . 9  w eeks in the  open  on the  ree f c rest then 8  w eeks under A . 
hyacin thus). «  =  15 tile  pairs in each treatm ent.

no ted  a d isp ro p o rtio n a te  decrease  in b ranch ing  A cro p o ra  and  P ocillopora  underneath  A . 
h ya c in th u s , b u t found  little  d ifference  in o th e r genera  o f  m assiv e  and en crus ting  co rals. 
In o u r study , how ever, all m ajo r taxa  o f  co ra ls  w ere  reduced  underneath  tab les (F ig . 1). 
T h is  is likely  to  be  the typical pattern  on shallow , sem i-exposed  ree f cres ts , w here  A. 
hya c in th u s  fo rm s short co lon ies w ith tigh tly  in te rlocked  branches.

T h e  d en sitie s  o f  co ra l recru its in all taxa  w ere  sign ifican tly  reduced  ben ea th  A cro p o ra  
hya c in th u s  fo r bo th  se ts o f  dep loym ents (F ig . 1 ). O ther au thors have rep o rted  a  s im ila r 
reduction  (W allace , 1985a; F isk  and H arrio tt, 1994), a lthough  studies d iffe r in the 
reported  e ffec t o f  A . hyac in thus  on the re la tive  abundance  o f  coral recru its . W allace 
(1985a) reco rd ed  no acro p o rid  o r pocilloporid  recru its  on  experim ental p la tes  under A . 
h ya c in th u s , even  though  these tw o taxa  together com prised  93%  o f  recru its on  the 
ad jacen t reef. T h e  understo rey  recruits w ere few  in n u m b er (only six teen  recru its on
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eig h t panels afte r 4  m onths), bu t w ere even ra re r in the open. T h is p a tte rn  led  W allace 
(1985a) to  suggest th a t these  ‘o th e r’ taxa  w ere late successional sp e c ie s  w h ich  requ ire  
som e m odification  o f  th e  en v iro n m en t to  fac ilita te  recru itm ent. In co n tra s t, F isk  and 
H arrio tt (1994 ) rep o rt an increase  in the  re lative abundance o f  p o c illo p o r id  recru its  
underneath  the tab les. W e a lso  reco rded  an increase  in the re la tiv e  abundance  o f  
pocilloporid  recru its, w hich co m p rised  68%  o f  th e  understo rey  ju v e n ile s  co m p ared  to 
34%  ou tside (fo r both  dep loym ents com b ined , n  =  1368, T able  1). P o c illo p o rid s  recru its 
appear to be  relatively  unspecia lized  in the ir settlem en t requ irem en ts (e.g. W allace  and 
B u ll, 1982; H arrio tt and F isk , 1987), w hereas acroporids, poritids and  ‘o th e r’ tax a  do not 
se ttle  w ithout specific cues (e.g. from  C C A , see  M orse  at al., 1996). C o n seq u en tly , the 
reduction  in rec ru itm en t by acroporids under A . hyacin thus  m ay be, in  part, an ind irect 
resu lt o f  changes in  the abundance  and taxonom ic com position  o f  C C A  (T ab le  2).

W hile  shad ing  by A . hya c in th u s  is likely  to  h av e  been the m ost im p o rtan t fa c to r in 
reducing  recru itm en t, a n um ber o f  a lte rnative  m echanism s m ay h a v e  been involved . 
Increased  sed im en ta tion  m igh t inh ib it rec ru itm en t under A . h ya c in th u s  i f  a reduc tion  in 
w ater flow  caused  partic les to  d rop  ou t o f  suspension  and sm o ther ju v en ile s . H ow ever, 
th ere  w as no sed im en t accum ulation  on  tiles p laced  under A . hyac in thus. In  con trast, 
m in o r accum ulation  w as ev iden t on  the tiles in th e  open, w hich  n o n e th e le ss  received  
substan tia lly  m ore recru its. T here  is little  ev idence  to suggest a g enera l reduction  in the 
supp ly  o f  o ther partic les, such  as larvae and food, beneath  A . hya c in th u s. W h ile  
pho to troph ic  o rgan ism s (corals and  filam entous algae) show ed  m ark ed  reduc tions in 
abundance  beneath  A . hyac in thus, recru itm en t by m ost bryozoan  taxa, and  som e 
po lychae tes w as substan tia lly  h igher under A . hyacin thus  (T ab le  2). In  addition , 
he tero troph ic  organ ism s transp lan ted  under A . hyacin thus  g rew  at a s im ila r ra te  to  those 
in the open; indeed the  b ivalves grew  fas te r (F ig . 6), w hich suggests the de livery  o f  food 
partic les w as no t substan tia lly  reduced . It is also un like ly  tha t p redation  by  A . hyac in thus  
w as selec tive  against se ttling  co rals, since acroporids cap ture  partic les th a t a re  genera lly  
m uch  sm alle r than th e  0 .3 -1 .5  m m  d iam eter size range o f  coral larvae (K .R .N . A n thony , 
personal com m unication ) and co ra ls re jec t coral larvae w hen o ffered  them  in feed ing  
tria ls  (L indqu ist, 1996).

T h e  strik ing  d iffe rence  in the position  o f  coral recruits betw een  trea tm en ts  also 
suggests th a t ligh t is im portan t (T ab le  1). A ll coral taxa  exh ib ited  a sh ift in the location  
o f  recru its from  the undersu rfaces o f  tiles in the open to the upper tile  surfaces 
underneath  A cropora  hyac in thus. T h is  pattern  cou ld  arise  from  larval p re fe ren ce  a n d /o r  
from  d ifferen tia l p a tte rn s o f  m ortality . M ortality  is likely  to be h igher o n  u p p er tiles in 
the open w here  recru its are  exposed  to  sed im en t and g razing  by h e rb ivo rous fish. 
H ow ever, W allace and B ull (1982 ) p laced  tiles w ithin cages to  exclude herb ivo res and 
found  th a t th e  o rien ta tion  o f  recru its  (w ith h igher densities on the low er, less exposed  
tile  surfaces) w as unchanged  com pared  to  uncaged  contro ls. T his suggests th a t the 
pattern  w e observed  (T ab le  1) is p rim arily  the resu lt o f  larval p reference fo r a specific 
ligh t reg im e (see M aid a  e t al., 1994; M undy and B abcock , 1998).

M orta lity  o f  tran sp lan ted  p o c illo p o rid  recru its w as > 9 0 %  underneath A . hyacin thus, 
w ith  th ree  tim es few er su rv iv ing  afte r 8 w eeks com pared  to controls o n  th e  unshaded  
crest. N o te  tha t the densities o f  p oc illopo rid  recru its d id  not change over tim e d esp ite  the 
h igh  rate  o f  m orta lity , p resum ab ly  because  o f  add itional settlem ent (rec ru itm en t by
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pocillopo rid s con tinues for m ost o f  th e  year, com pared  to  a b rie f an n u a l p u lse  fo r m ost 
acroporids). C onsequently , there w as no  change  in the density  o f  po c illo p o rid s from  
w eek  9 to  w eek 17, w hile the in itially  h igh  d ensities o f  acroporids rap id ly  declined  (Fig. 
5 ). T h is resu lt im plies tha t the season  o f  dep loym en t and the length o f  tim e th a t panels 
a re  subm erged  will have  a p ro found  in fluence  on the re la tive  ab u n d an ce  o f  recru its.

In  conc lu s ion , the A cropora  hyac in thus  canopy  reduces re c ru itm en t and the  survival 
o f  ju v en ile  and adult corals. O ther pho to troph ic  o rgan ism s, C C A  and  filam entous algae, 
a lso  recru it less successfu lly  and grow  m o re  slow ly  underneath  tab les . Shade produced  
by the canopy  is the m ost likely cause  o f  these  patterns. I f  the g ro w th  o f A . hyac in thus  
co n tinued  un im peded  by  storm s o r p reda to rs, it is capab le  o f  sh a rp ly  reducing  the 
abundance  and diversity  o f  corals in shallow  w ater.
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