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TEE BEEAVIOeTRAfl ECOLOGY OF ADULT SCARIDS 

I n t r o d u e t  i on  

From the f u n c t i o n a l  c o n s i d e r a t i o n s  o f  t h e  morphological  

ana lyses  i n  Clhapter 1, two morphollogical and f u n c t i o n a l  groups were 

desc r ibed  i n  t h e  genus Scorus. T h i s  r a i s e d  t h e  ques t ion :  i s  t h e r e  

any c ~ r r e l a t i o n  between the funck iona l  morphology and behavioasral 

ecology o f  s c a r i d s ?  Th i s  q u e s t i o n  w i l l  be addressed  i n  t h i s  

c h a p t e r ,  

The two f u n c t i o n a l  groups desc r ibed  i n  Chapter 1 are p r i m a r i l y  

s epa ra t ed  by the form o f  the i r  f eed ing  appara tus ,  the ' so rd idus '  

group as 'bitersv and t h e  ' f r e n a t u s '  group a s  ' s c r a p e r s ' .  Any 

e c o l o g i c a l  d i f f e r e n c e s  between the two groups are t h e r e f o r e ,  l i k e l y  

t o  inc lude  d i f f e r e n c e s  i n  t h e i r  f e e d i n g  b io logy .  Fo r  t h i s  reason,  

t h e  f eed ing  b io logy  o f  t h e  two groups w i l l  be  cons idered  i n  most 

d e t a i l .  

Part A - Feeding Biology 

5 . 1  In t roduc t ion  

S e v e r a l  a s p e c t s  of  the f e e d i n g  b io logy  of  s c a r i d s  have been 

i n v e s t i g a t e d .  These inc lude  a n a l y s e s  o f :  1) i n t e s t i n a l  c o n t e n t s  

(Gohar & L a t i f ,  1959, H i a t t  & S t r a s b e r g ,  1960, Choat, 1966, 1969, 

Randal l  & Bishop, 1967, Gygi, 1969, 1975, Glynn et at., 1972, 

Hobson, 1974, Frydl  & Stea rn ,  I978 and Bruce, 1979),  2 )  d i f f e r e n t i a l  

u t i l i z a t i o n  o f  g raz ing  substrata (Choat & Robertson, 1975, Bruce, 
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1979 and F q d l ,  1979) ,  3 )  f eed ing  rates (Barlow, 1975, I t zakswi t z ,  

1977, Bruce, 1979 and Hatcher ,  1981), and 4 )  bite types (Bruce,  

3.979 ) . 

Analyses of  the g u t  c o n t e n t s  o f  s c a r i d  f i s h e s  are d i f f i c u l t  due 

t o  t h e  na tu re  o f  the inges t ed  material ( p r i m a r i l y  t u r f  a l g a e  and 

ino rgan ic  p a r t i c l e s ) ,  and t h e  g r i n d i n g  a c t i o n  o f  t h e  pharyngeal m i l l  

which t u r n s  i nges t ed  material i n t o  a thick s l u r r y .  Nevertheless ,  

c o n s i s t e n t  d i e t a r y  d i f f e r e n c e s  have been found between both  genera  

and s p e c i e s .  Leptoscarus vatgtensts, CaZotomus s p p  and 

Sparts~ma radtans ( C  & V) predominant ly feed  upon angiosperms and 

fleshy a l g a e  (Suyehiro,  1942, Bruce, 1979 and bobel f Ogden, 1981), 

w h i l s t  Scarus s p e c i e s ,  Cetoscarus BtcoZor, stpposcarus s p e c i e s  and 

Spa~tssma virtde (Bonna te r r e )  predominant ly feed  upon t h e  a l g a e  

cove r ing  ca l ca reous  rocks  (Choat ,  1966, Gohar 6 L a t i f ,  1959, Gygi, 

1975 and Bruce, 1979) .  However, w i t h i n  the genus Scarus, t h e  

d e t a i l e d  comparative a n a l y s e s  o f  Choat (1969)  and Bruce ($979) 

revea led  l i t t l e  d i f f e r e n c e  between t h e  d ie t  o f  s e v e r a l  s p e c i e s  and a 

l a r g e  degree of  o v e r l a p  between s p e c i e s  i n  t h e  ' so rd idus '  and 

' f r e n a t u s  ' groups . 

One a spec t  which h a s  rece ived  cons ide rab le  a t t e n t i o n  is  t h e  

i n c l u s i o n  o f  l i v i n g  c o r a l  i n  t h e  d i e t .  Darwin (1845)  first r epor t ed  

s c a r i d s  feeding  upon l i v i n g  c o r a l  ( t h e  s p e c i e s  included S. gtbbus 

[Randal l  & Bruce, 19831) .  These obse rva t ions  were later ques t ioned  

by Wood-Jones (1910), who s t a t e d  t h a t  s c a r i d s  feed  upon a l g a e  

growing on bou lde r s  rather than  l i v i n g  c o r a l s .  Th i s  confusion h a s  

p e r s i s t e d  f o r  many years. Seve ra l  a u t h o r s  have ind ica t ed  t h e  

importance of  l i v e  c o r a l s  i n  t h e  d i e t  o f  s c a r i d s  ( A l  Hussaini ,  1945, 
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groups have been recorded by m o a t  ( p e r s .  c o r n . )  and between some 

Sca rus  and Spartsoma s p e c i e s  by I t zakowi t z  (1977, $980) and F r y d l  

and S t e a r n  (1978) .  

mere a r e  s e v e r a l  r e p o r t s  sf subs t ra tum s c a r r i n g  as a r e s u l t  o f  

g r a z i n g  by s e a r i d s  ( e . g .  H i a t t  f St ra sburg ,  1960, Gygi, 1975, F r y d l  

& Stea rn ,  1978 and F ryd l ,  1979) ,  Comparative surveys  have shown 

d i f f e r e n c e s  i n  t h e  exkent  o f  substratum s c a r r i n g  by s c a r i d s .  F r y d l  

and S tea rn  (19789, working on Caribbean species, found t h a t  

Spartsoma v t r t d e  r e g u l a r l y  scars t h e  substratum, w h i l s t  Spartsoma 

aurc~frenatum ( C  s; V )  and t e m i n a l  phase Sca rus  v e t u t a  (Bloch & 

Schneider )  on ly  oceas iona l$y  produce scars o r  s c r a t c h e s .  No scars 

o r  s c r a t c h e s  were found, by t h e s e  au tho r s ,  as a r e s u l t  o f  g raz ing  by 

Sea rus  t a e n t o p t e r u s  D e s m a r e s t ,  S .  tsertt (BPoch) and i n i t i a l  phase  

9, vetuzcs* 

Bruee (1979) descr*ed t h e  bite types o f  s e v e r a l  Aldabran 

( I n d i a n  Ocean) s c a r i d  s p e c i e s ,  Spec ies  producing  deep scars d u r i n g  

g r a z i n g  included:  S ,  so rd tdus ,  S. gtbbus,  Ce toscmus  btcoLor, 

BsZBomeeogon murtcatum and S .  rnbrovtoZaceus.  It is i n t e r e s t i n g  t o  

n o t e  t h a t  i n  t h e  p r e s e n t  s tudy ,  S .  s o r d t d u s  and S ,  gtbbus a r e  

inc luded  i n  t h e  ' b i t i n g '  ' so rd idus '  group ( S e c t i o n  1 . 4 . 1 ) ,  w h i l s t  

C ,  b t c s t o r  and 8 .  muricatum are descriaaed as ' p ro to -b i t e r s '  

( S e c t i o n s  1 . 4 . 3 )  and S .  rubrovioLaceus is cons idered  one o f  t h e  most 

r o b u s t  members o f  t h e  ' f r e n a t u s '  group ( S e c t i o n  1 . 4 . 2 ) .  Spec ie s  

t h a k  l eave  no marks on t h e  substratum o r  produce on ly  sha l low s c a r s  

inc luded  S .  gZobtceps, S. ghobban, S .  p s t t t a c u s ,  S. f r e n a t u s ,  

S ,  vt r t fundtca tum,  S ,  t a e n t u r u s  (=? )  and R. h a r t d  ( a s  S .  h a r t d ) .  

T h i s  group is  composed s o l e l y  o f  s p e c i e s  i n ,  o r  p r o v i s i o n a l l y  



included i n ,  t h e  ' s c r ap ing '  ' f r e n a t u s '  group (Sec t ion  1.4.2) and 

H a  h a r t d  which is descr ibed  as a 'p ro to-scrapere  ( S e c t i o n  1 . 4 ) .  

From p rev ious  s t u d i e s ,  no n o t a b l e  d i f f e r e n c e s  i n  i n t e s t i n a l  

con ten t s  o r  substratum pre fe rence  which reflect t h e  morphological  

and f u n c t i o n a l  d i f f e r e n c e s  between t h e  ' so rd idus '  and ' f r e n a t u s '  

groups have been r epor t ed .  The o n l y  parameters  t h a t  i n d i c a t e  

d i f f e r e n c e s  which may be c o r r e l a t e d  w i t h  t h e  proposed f u n c t i o n a l  

a d a p t a t i o n s  sf t h e  ' so rd idus '  and ' f r e n a t u s '  groups a r e  t h e  f eed ing  

r a t e  and bi te  type. These o b s e r v a t i o n s  and t h e  f u n c t i o n a l  

i n t e r p r e t a t i o n s  i n  Chapter f s t r o n g l y  sugges t  t h a t  d i f f e r e n c e s  

between t h e  ' so rd idus '  and ' f r e n a t u s l  groups are l i k e l y  t o  be 

2 demonstrable a t  a s m a l l  ( t , e .  cm ) scale, r a t h e r  t h a n  a t  a l a r g e  

2 ( t o e .  m ) scale. S t u d i e s  i n  th is  s e c t i o n  w e r e  t h e r e f o r e  focused on 

s m a l l  scale e v e n t s  ( t , e ,  B i t e s )  t o  i n v e s t i g a t e  t h e  e c o l o g i c a l  

imp l i ca t ions  s f  t h e  proposed f u n c t i o n a l  d i f f e r e n c e s  between t h e  

' so rd idus '  and ' f r e n a t u s V  groups.  

I n  t h i s  s e c t i o n ,  d e t a i l e d  obse rva t ions  w e r e  r e s t r i c t e d  t o  

S ,  sord%dus and S .  f r e n a t u s ,  as r e p r e s e n t a t i v e  s p e c i e s  o f  t h e  

' so rd idus '  and ' f r e n a t u s '  groups.  These s p e c i e s  were chosen f o r  t h e  

fo l lowing  reasons :  a )  t h e y  are o f  approximately similar s i z e ,  b )  

t h e y  have over lapping  d i s t r i b u t i o n s ,  w i th  common f e e d i n g  areas i n  

t h e  s tudy  sites on r e e f s  around L iza rd  I s l a n d ,  and c )  t h e y  w e r e  t h e  

p r i n c i p a l  s p e c i e s  examined i n  t h e  morphological a n a l y s e s  i n  

Chapter 1. 



5 . %  Materials and Methods 

F i e l d  obse rva t ions  were made at  t h e  North R e e f  s t u d y  site a t  

Lizard I s l a n d  ( F i g .  5 . 1 )  d u r i n g  November 1982 t o  February 1983 and 

November 1983 and January 1984. A l l  obse rva t ions  were made u s i n g  

S C m I b ,  w i t h  no te s  recorded on PVC s h e e t s ,  I n  each  o f  t h e  fol lowing 

ana lyses ,  an equa l  number o f  obse rva t ions  on S ,  s o r d t d u s  and 

S .  freaetus were recorded from t h e  same area. I n d i v i d u a l  f i s h  w e r e  

fol lowed f o r  p e r i o d s  o f  approscimately f i v e  minutes  and t h e  number o f  

bites per f o r a y  was recorded ( a  ' fo ray '  is de f ined  as a f eed ing  

even t  w i t h  no d i s c e r n i b l e  i n t e r v a l  between succes s ive  bites, o t h e r  

t h a n  t h a t  necessary  t o  r eapp ly  the jaws t o  t h e  subs t r a tum) .  These 

d a t a  w e r e  used %Q assess bo th  f e e d i n g  rates and p e r i o d i c i t y .  

a n a l y s e s  o f  bites and b i te  l o c a t i o n s  were i n i t i a l l y  made by 

fo l lowing  i n d i v i d u a l  f i s h  and record ing  t h e  s i te  and t y p e  ( t . e .  

s c a r r i n g  o r  s c r a p i n g )  o f  each bi te .  These f a c t o r s  were later 

q u a n t i f i e d  by fo l lowing  knowm i n d i v i d u a l s  and measuring t h e  s i t e  and 

l o c a t i o n  o f  t h e  f i r s t  clearly observed bite each t i m e  t h e  i n d i v i d u a l  

was l o c a t e d .  A v e r n i e r  c a l i p e r  was used t o  take measurements ( t o  

t h e  n e a r e s t  0 . 1  mm) o f  t h e  l e n g t h  ( E) and width o f  t h e  s c a r  o r  

d i s lodged  a l g a e ,  o f  t h e  maximum and mean scar depth  ( i f  a p p r o p r i a t e )  

and o f  the h e i g h t  o f  t h e  substratum above t h e  site o f  t h e  bite ( H )  

( P i g .  5 . 2  A ) .  The r a t i o  sf ( H ) div ided  by t h e  b i te  l eng th  ( L ) , w a s  

used a s  an e s t i m a t e  o f  t h e  c u r v a t u r e  of  t h e  subs t ra tum.  I f  H/L = 0, 

t h e  subs t ra tum b i t t e n  w a s  approximately p l a n a r ,  whilst va lues  above 

0 i n d i c a t e  an i n c r e a s i n g  prominence o r  cu rva tu re  o f  the substratum. 

Data were analysed us ing  T- t e s t s  un le s s  t h e y  had unequal va r i ances  

or  markedly non-normal d i s t r i b u t i o n s ,  I n  t h e s e  cases Mann Whitney 



Figure  5 . 1  

The l o c a t i o n  of t h e  major s t u d y  sites i n  t h e  lagoon 

and at  North R e e f ,  Lizard I s l a n d ,  





Figure  5 . 2  A 

A diagramat ie  f i g u r e  o f  three parameters  measured 

when quan t i fy ing  s c a r i d  f eed ing  scars. 

Legend : 
L 5 Length o f  t h e  bite 
H = Height of t h e  subs t ra tum above t h e  bite s i t e  
D = Depth o f  the bi te  ( t h e  mean depth is  estimated) 
The s t i p p l e d  area r e p r e s e n t s  material removed. 
I n  a d d i t i o n ,  t h e  maximum width o f  t h e  scar w a s  measured. 
The cu rva tu re  o f  t h e  subs t ra tum is es t imated  by  the 
d iv idend o f  B/L. 

F igu re  5 .2  B 

A d iagramat ic  f i g u r e  showing the d i s p r o p o r t i o n a t e  e f f e c t  

o f  an  i n c r e a s e  i n  the bite l eng th  on the d iv idend  o f  

H/L when feeding  on t h e  same substratum. 

I n  t h i s  example, doubl ing  t h e  bite l eng th  ( L )  i n c r e a s e s  t h e  

d iv idend o f  H/L by 4.63.  





W-tests were used .  

I n  a d d i t i o n  t o  t h e  above obse rva t ions ,  q u a l i t a t i v e  obse rva t ions  

sf bi te  rates and types w e r e  made on r@ef% around L iza rd  I s l a n d  and 

on o f f s h o r e  reefs i n  the v 3 c i n i t y  o f  Lizard I s l a n d ,  Ca i rns  and 

Towplsville. Representa t ive  samples o f  c o r a l  s p e c i e s  e a t e n  by 

s c a r i d s  were c o l l e c t e d  f o r  i d e n t i f i c a t i o n .  

5 . 3  R e s u l t s  

Feeding rates 

%he feed ing  rates o f  l a r g e  i n d i v i d u a l s  o f  several scarid 

s p e c i e s  are g iven  i n  Table 5.1. To enable  d i r e c t  comparisons, d a t a  

on S .  s o r d t d u s  and S. f r e n a t u s  are based on equa l  obse rva t ion  times 

f o r  bo th  s p e c i e s  i n  t h e  sme area o f  North R e e f .  I n  bo th  spec i e s ,  

t h e  mean f eed ing  rate o f  PP i n d i v i d u a l s  w a s  n o t  s i g n i f i c a n t l y  

d i f f e r e n t  from that o f  t h e  TP i n d i v i d u a l s  (Table  5.1), b u t  t h e  mean 

f eed ing  rate o f  S. sordtdprs was lower than  t h a t  o f  S. f r e n a t u s  

( t=2.434,  p < 0.05,  T a l e  5 . 1 ) .  The low feed ing  rate i n  S ,  s o r d t d u s  

and h igh  f eed ing  rate i n  S. f r e n a t u s  were a l s o  r e f l e c t e d  i n  t h e  

o t h e r  s p e c i e s  belonging t o  t h e i r  r e s p e c t i v e  groups (Tab le s  5 .1 ,  

5 . 2 ) .  

Feeding p e r i o d i c f t y  

The bites o f  S .  s o r d t d u s  and S .  f r e n a t u s  show a marked 

d i f f e r e n c e  i n  temporal  d i s t r i b u t i o n  ( F i g .  5 .3 ) .  I n  S. s o r d t d u s ,  

t h e  bites p r i m a r i l y  occurred i n  s m a l l  b u r s t s ,  w h i l s t  t h o s e  o f  

S. f r e n a t u s  f r e q u e n t l y  occurred  i n  prolonged f e e d i n g  ep i sodes .  

Approximately 82% o f  b i t e s  by S ,  s o ~ d t d u s  occurred i n  groups o f  4 o r  



T a b l e  5 . 1  The f eed ing  rates o f  s i x  Scarus s p e c i e s .  

Spcies Mean f eed ing  rate 95% Number o f  Mean obse rva t ion  

( b i t e s p e r m i n . )  C,I. obs . time (min. ) 

IP = I n i t i a l  Phase, TP = Terminal Phase 

-!= - No s i g n i f i c a n t  d i f f e r e n c e  - t= 1.644, p >  0.5.  
$ - No s i g n i f i c a n t  d i f f e r e n c e  - t= 0.5724, p> 0 , 5 .  
9 - Both eo lou r  phases  have been pooled s o  that data a r e  a v a i l a b l e  

f o r  each s p e c i e s  as a whole f o r  use  i n  conjunct ion  wi th  d a t a  
from species su rveys .  
Tke feeding rates o f  t h e  two s p e c i e s  are s i g n i f i c a n t l y  
d i f f e r e n t ,  t= 2.434,  pc 0 .05 .  



Table 5 . 2  Observations of the  feeding r a t e s  and the  extent of 
scarr ing of the  substratum by scar ids .  

Species Feeding rate T Substratum scarr ing 

CaLotomus carottnus * low No scarr ing 
Ce$oscarus b tcotop~ low Frequent - deep sca r s  
BsZbometopon murtcatum very low Always - deep sca r s  
Htpposearus Longtceps * moderately low Large individuals produce 

occasional shallow sca r s  

' ssrdidus ' group : 

S .  bteekert 
S. frontaLts * 
S. gtbbus 
S. japanensts * 
S. sordtdus 

' f renatus ' group : 

S ,  brevtfttts 

S .  dtmtdtatus 
S .  fLavtpectora2.t~ 
s. frenatus 
S .  ghobban * 

S. gtobiceps 
S. Zongtptnnts * 
S . n t g e ~  
s. outceps 
S. pstttacus 
S. rtvuLatus 
S. rubrovtoLaceus 

S. schLegeLt 
S. spinus 
S. trtcoLor * 
S. sp. 

low Frequent scarr ing 
low Frequent scarr ing 
low Frequent - deep scars  
low Frequent scarr ing 
low Frequent scarr ing 

moderately high 

high 
moderately high 

high 
moderately high 

high 
? 

high 
high 
high 
high 

moderate t o  low 

high 
high 

moderately high 
high 

Large individuals produce 
occasional shallow scars  
No scarring 
No scarr ing 
No scarring + 
Large individuals produce 
occasional shallow scars  
N o  scarring - 

No scarr ing observed 
No scarring 
No scarr ing + 
No scarr ing 
No scarring + 
Large individuals produce 
occasional scars  
No scarr ing 
No scarr ing 
No scarr ing observed 
No scarr ing 

t - Feeding r a t e s  : low t 15 bites/min . , high >20 bites/min . 
* - Limited observations were made of these species 
+ - These species may occasionally leave some scar  marks i n  s o f t ,  

in te rna l ly  eroded dead cora l  o r  on the  surface of l i v e  co ra l s .  



Figure 5 . 3  

The foray sizes of two Scarus species, expressed 

as the relative nuniber of bi tes  per foray. 

S .  sordtdus - No. individuals 5 10 

No. bites = 1009 

S.  frenazus - No. individuals = 10 

No. bites = 1297 

Vertical bars * o ~ e  standard ermr  cf the =em. 



- - - - -  Scarus sordidus 

Scarus frenatus 



less,  compared w i t h  60% in  S .  f r e n a t u s .  Conversely, only 9% of 

Bites by S. s o ~ d t d u s  were i n  groups of 6 or more, compared w i t h  33% 

i n  S ,  f r e n a t u s .  The number of b i tes  i n  each b i t e  group di f fer  i n  

the t w o  species ( X 2  = 53.6, df . = 11, p < 0.001; based on the 

t o t a l  number of forays i n  each species), with S. sord tdus  having a 

larger proportion of small forays (Mwu-test, nl/n2 = 492/461, z = 

2.21, p < 8.0%; based on the frequency of each foray s i ze ) .  The 

man numBer of b i tes  per foray i n  S. s o ~ d t d u s  was 2.12 and in  

9. prenatus ,  2 . 7 5 .  

Bite types 

The main differences between bi tes  of the various species are 

the i r  s ize and shape, and i n  the extent of substratum scarring. 

These differences are not discrete, as they are dependent upon the 

size and species of the scasid amd the hardness and location of the 

sPabstratm. Soft, internally bioeroded substrata were more deeply 

scarred than l ive or newly dead corals or  c o r a l l g e  algae, 

particularly on exposed convex surfaces. The extent of substratum 

scarring as a result of feeding by various scarid species is 

summarized i n  Table 5 . 2  and an analysis of scar sizes of some 

species is  given i n  Table 5 .3 .  It can be seen from these tables 

that  scarring of the substrata was primarily a result  of grazing by 

'sordidus' group species, Cetoscarus  D ~ c o Z O ~  and Bobbometopon 

murtcaturn, 

The shape of the b i te  scar or scrape varied between species, 

although similari t ies  between groups of species were found. I n  

'frenatus' group species, b i t es  typically produced scrapes marked by 

dislodged algae and sediment. Each bi te  produced two narrow, 



Table 5.3 The size of substratum scars which result from the grazing activity of scarids 

Species Approx. S.L. Number of Appnox. No. of No. of bi tes/  Mean Mean Mean Mean scar 
(m) individuals b i tes  examined scars measured Eength Width Depth volume 

(m9 (m) (m) ( c m P p R  

S .  sordtdus 220 10 200 30 10.9 4.3 0.20 9.4 x 

S. frenatus 280 12 200 35 12.6 1.8 " 0 0 

S. g'tbbus 440 6 140 27 26.3 10.9 5.79 2 . 8  x 10-1 

s. gtbbus 250 2 28 a 23.7 8 . 4  0.60 5 . 6  x lo-' 

S. rubrov'toLaceus 380 3 6' 180 3 9.9 2.7 o.ao 1.3 

C .  b t co tor  440 3 4 -b0 4 12.5 8.2 1.00 9.6 X 10'~ 

63.  mustcatum 550 2 4 4 40.0 16.0 1.50 5.3 a 10 -1 1F 

8 .  mur'tcatum 880 8 50 26 44.5 27.0 2.80 2,77 ' 

t - Bites were measured a t  random, with the exception of S. rubrovtoLaceus and C .  btcoLor where only those 

bi tes  producing scars were measured. 

+r - Each b i t e  produces a pair  of narrow scrapes, the value given is the sum of the two scrape widths. 

x - Calculated from individual scar volumes. 

$ - Including scars on algal  covered substrata, coralline algae and live corals. 



p a r a l l e l  s c rapes ,  o f t e n  Broken midway a long  tbeir  l e n g t h .  Larger  

' f r e n a t u s '  group s p e c i e s  (e.g, S .  rubrov to%aceus)  may produce 

broader  s c r a p e s  wi th  s l i g h t  s c a r r i n g  o f  t h e  substratum e s p e c i a l l y  i n  

s o f t e r  substrata. 

I n  s p e c i e s  s f  t h e  ' s o r d i d u s '  group and i n  C. btcokor  and 

B .  murtcatum, bites f r e q u e n t l y  produced scars. These were 

re%a%ive%y wide, be ing  approxima%ely h a l f  as w i d e  as long,  and 

usuallly possessed  4-6 deep grooves a long  the l e n g t h  of the s c a r ,  

es r responding  t o  t h e  p ro t rud ing  teeth o f  t h e  uneven o r  c r e n a t e  

c u t t i n g  edge.  

Pn two ' so rd idus '  group s p e c i e s  (S. gtbbus and S .  s o r d t d u s ) ,  

t w o  basic types o f  bi te were observed,  des igna ted  n i p s  and crunches.  

Zb n i p  is  a s m a l l  qu ick  bite,  producing o n l y  a sha l low scar. It was 

used on a l l  s u h s t r a k m  types and w a s  the most f r e q u e n t l y  observed 

bi te  type i n  S ,  s s ~ d t d u a ,  compris ing approximately 55% o f  a l l  bites 

(cf. 24% i n  S .  gtbE9us). Crunching bites w e r e  p r i m a r i l y  restricted 

to convex s u b s t r a t a  and i n v a r i a b l y  produced deep scars. I n  t h e s e  

bites, t h e  p r e s s u r e  was a p p l i e d  t o  t h e  substratum r e l a t i v e l y  s lowly  

and o c c a s i o n a l l y  requi red  several b o u t s  o f  muscular c o n t r a c t i o n  t o  

f r a c t u r e  o r  d i s lodge  p i e c e s  o f  t h e  subs t ra tum,  Crunching bites w e r e  

less f r e q u e n t  t h a n  n i p s  i n  S. sord tdus  and comprised approximately 

45% o f  t o t a l  bites ( c f .  76% i n  S. g t b b u s ) .  A t h i r d  t y p e  of  bite 

r a r e l y  used by S .  sord idus  and S .  gtbbus u t i l i z e s  t h e  s i d e  o f  the 

j a w s .  T h i s  b i t e  w a s  o f  i n t e r m e d i a t e  s t r e n g t h  and produced s m a l l  

scars. It  w a s  most o f t e n  seen  i n  i n d i v i d u a l s  f eed ing  on narrow 

p r o j e c t i o n s  such as t h e  t i p s  o f  dead AcropoFa branches .  
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B i t e  %oeat i sns /mierohabi ta t  u t i l i z a t i o n  dur ing  g raz ing  

I n i t i a l  obse rva t ions  o f  mic rohab i t a t  u t i l i z a t i o n  when g r a z i n g  

revea led  a marked d i f f e r e n c e  between S ,  sordtdus and S .  prenatus, 

w i t h  S .  sordtdus u t i l i z i n g  convex substrata more f r e q u e n t l y  t han  

S ,  fmnatus  ( T a b l e  5 . 4 ) .  These obse rva t ions  were l i m i t e d  by the i r  

s u b j e c t i v i t y  and were t h e r e f o r e  q u a n t i f i e d  us ing  t h e  h e i g h t  o f  t h e  

su3sstratum above the bite site ( h )  d iv ided  by t h e  bite length  (1) as 

an estTmate of  substratum c u r v a t u r e ,  When compared, S. sordtdus had 

a s i g n i f i c a n t l y  g r e a t e r  mean h / l  v a l u e  than  S. f renatus  (MWU-test, z 

= 7.85, p < Q.001, Table  5 . 5  A). 

There are two pass-le exp lana t ions  f o r  t h i s  d i f f e r e n c e :  

either a )  S. sordtdus f ed  upon more convex s u r f a c e s  t h a n  

S .  prenatus, o r  B )  bo th  species fed  upon similar s u r f a c e s ,  b u t  

S. soratdus d i s p r o p o ~ i o n a t e l y  i n c r e a s e s  t h e  r e l a t i v e  he igh t  o f  the 

subs t ra tum above t h e  bite s i t e  as a r e s u l t  o f  a longe r  bite l eng th  

( F i g .  5 .2 B ) .  Wowever, t h e  bite l e n g t h s  o f  S .  sordtdus were 

s i g n i f i c a n t l y  s h o r t e r  t h a n  t h o s e  o f  S. frenatus ( t  = 6 . 5 7 9 ,  d f  = 

2x9, p 4 0.001, T a l e  5.5 B). One can t h e r e f o r e  conclude t h a t  on 

average ,  S .  sordtdus fed upon more convex substrata t h a n  

S .  f renatus .  A s  an e q u a l  number o f  bites were recorded f o r  each  

species i n  each obse rva t ion  a r e a ,  t h e  above r e s u l t  sugges t s  a degree  

o f  feeding  mic rohab i t a t  p re fe rence  by one o r  bo th  o f  t h e  s p e c i e s .  

The r e s t r i c t e d  d i s t r i b u t i o n  s f  deep scars on edges and convex 

p r o t r u s i o n s ,  i n  comparison t o  t h e  ub iqu i tous  presence  of  s m a l l  

s c r a p e s  c h a r a c t e r i s t i c  o f  S .  frenatus and o t h e r  ' f r e n a t u s '  group 

species (peps .  o b s . )  and t h e  r e l a t i v e  frequency o f  bi tes by 

S.  sordtdus on convex s u r f a c e s  (Table  5 , 4 ) ,  s t r o n g l y  suggest  t h a t  



Table 5 . 4  P a t t e r n s  o f  substratum u t i l i z a t i o n  by S ,  s o r d t d u s  
and S .  f yenazus  

Substratum topography 

Convex Plane  Concave Site 
unc lea r  

S .  s o r d t d u s  ( n = 8 ) 

T o t a l  numbers o f  bites observed 396 .O 94.0 35 .O 120 

Mean % o f  c l e a r l y  observed bites t 77.6 16.4 5.7 

Standard e r r o r  o f  above 8.8 7.6 4.6 - 

S .  f r e n a t u s  ( n  = 8 ) 

T o t a l  numbers o f  bites observed 289.0 398.0 275.0 209 

Mean % o f  c l e a r l y  observed b i t e s  j- 29.6 42.7 28 .O - 
Standard e r r o r  o f  above 8.8 12.8 6.6 - 

j- - Each f i g u r e  is based on the mean o f  e i g h t  i n d i v i d u a l s .  
I n d i v i d u a l  S. s o r d t d u s  and S .  f r e n a t u s  w e r e  obsenred f o r  
approximately equa l  times (5-6 min. = 80-150 b i t e s )  i n  an 
area sha red  by t h e  i n d i v i d u a l s  o f  t h e  two s p e c i e s .  



Table 5 .5  A An a n a l y s i s  of  t h e  curvature  o f  t h e  s u b s t r a t a  grazed 
by S .  s o r d t d u s  and S .  f r e n a t u s  by comparing t h e  
height/ length (H/L) values  o f  t h e  b i t e  marks l e f t  by 
each species. 

Species Number of  Number o f  Mean H/L S .E. 95% C. I. 
i nd iv idua l s  b i t e s  ( x 100 ) ( x  100 ) ( x  100 ) 

S .  f r e n a t u s  15 107 10.7  * 0.6 k1.3 

For a r c s i n  transformed da ta ,  t h e  var iance  F-rat io test (Zar, 1974 p. 
101 ), ra t io  = 1.67 ( t , e .  unequal var iances  ). 
* = S i g n i f i c a n t l y  d i f f e r e n t ,  Mann-w'hitney U t e s t ,  z = 7.85, a ( 2 ) ,  p 
< 0.001. 

Table 5.5 B A comparison o f  t h e  b i te-scar  l eng ths  o f  S. sordCdus 
and S . f r e n a t u s .  

Species Number of  Mean b i t e  S - E .  95% C . I .  
b i t e s  length  ( nun) 

S .  s o r d t d u s  108 12.3 * 0.41 *O .  81 

S .  f r e n a t u s  113 15.9 * 0.37 20.73 

Variance ra t io  = 1.28, d . f .  = 219, t = -6.576 
* - S i g n i f i c a n t l y  d i f f e r e n t  a ( 2 ) ,  p < 0.001 
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Table ti .6 Coral species eaten by scarids. 

Species Coral species Number of colonies 

Boebometopon murtcatum 
Acrspora cytherea ( Dana ) 
Acropora dtuartcata ( Dana ) 
Acropora h yac tnthus ( Dana ) 
Aeroposa Zattstezza ( Brook ) 
AcrogsFa 2 tstert ( Bro~k ) 
Acropsra mt b Zegora ( Ehrenberg ) 
Acropora nasuta ( Dana ) 
Acropor-a secaee ( Studer ) 
Poctttopora verrucosa E l l i s  & Solander 
Mont tpora spp . 
Anamastrea sp. ? 
Psrttes cyttndrtca Dana 
Favttes sp. 

Ce2saearus btcstor 
Monttpora sp. 
Ptatygyra sp: 
Encrusting species 

Scarus gtbbus 
Porttes Zobata Dana 
Porttes Zutea Edwards & Haime 
Porttes austraZtensts Vaughan 

Scarus ~tuuzatus 
Porttes spp. 

Acropora species identified by Dr C .  Wallace 
PorLtes species identified by Prof. M .  Pichon 



by S ,  gtbbus  a t  t h e  Palm I s l a n d s  (NE. o f  Townsvfl le)  and t h r e e  

t b e s  by  S. r t vuka tus  a t  Magnetkc I s l a n d  (Towmsvil le) .  

A t  t h e  NoPth R e e f  s t u d y  s i t e  a t  Lizard  I s l a n d ,  coprophagic 

behaviour  w a s  observed i n  n i n e  Scarus  species; S .  f r e n a t u s ,  

S .  gtbbus ,  S. g%obtceps S. n tges ,  S. ovtceps ,  S. p s t t t a c u s ,  

S .  ~ t v u k a t u s ,  S ,  so rd tdus  and S. sg&nus, The faeces o f  caes ion ids  

( e s p e c i a l l y  Caesto cuntng and P te rocaes to  chrysozona)  and 

psmacent r ids  ( e s p e c i a l l y  Abudefduf whttbeyt  and Acanthochrorn$s 

p L y a c a n t h u s )  w e r e  f r e q u e n t l y  c o l l e c t e d  and i n v a r i a b l y  e a t e n .  

Labr id  faeces, when available, w @ r e  l i kewise  r a p i d l y  c o l l e c t e d  and 

e a t e n .  The f aeces  o f  Acanthurus b tnea tus  and Zebrasoma scopas ,  

however, were i n f r e q u e n t l y  c o l l e c t e d  and e a t e n .  The faeces 0% 

Ctenochaetus s t r t a t u s  w e r e  rarely- c o l l e c t e d  and i n  a l l  o f  t h e  

obser-ved cases were r e j e c t e d  ( t w i c e  by S .  s o r d t d u s  and once by 

S .  n t g e r ) .  The faeces o f  o t h e r  scarids w e r e  i gnored .  

3 ) Sand. 

Sand i n g e s t i o n  w a s  recorded  i n  f o u r  species? S. s c h t e g e t t ,  

S. fEavtpec torabts ,  S. p s t t t a c u s ,  and Sca rus  sp. (cf .  bunuta) ,  

a l though on ly  occas iona l ly  i n  the latter two s p e c i e s .  S. ghobban 

w a s  f r e q u e n t l y  observed ove r  sandy areas, o f t e n  accompanying l a r g e  

s c h o o l s  o f  A .  mata and A .  dussumter t ,  b u t  sand i n g e s t i o n  by t h i s  

species was n o t  recorded.  



5.4 B i seuss i sn  

From t h e  f u n c t i o n a l  i n t e r p r e t a t i o n s  o f  t h e i r  morphology i n  

Chapter 1, s p e c i e s  i n  t h e  ' so rd idus '  group were proposed as 

f u n c t i o n a l  'biters1, capable  o f  d e l i v e r i n g  a s t r o n g  ' c racking '  bite 

which can d i s lodge  p i e c e s  o f  t h e  subs t ra tum.  F i e l d  o b s e r v a t i o n s  

confirmed t h i s  p roposa l  and revea led  a range  o f  behavioura l  traits 

characteristic o f  t h o s e  s p e c i e s  s h a r i n g  the morphological f e a t u r e s  

which def ined  t h e  ' s o r d i d u s '  group. These traits inc lude :  low 

f e e d i n g  rates, s m a l l  f eed ing  bou t s ,  a h i g h  u t i l i z a t i o n  rate of 

convex s u r f a c e s  and i n t e r s p e e i f i e  agg res s ion  d i r e c t e d  predominant ly 

towards o t h e r  ' so rd idus '  group s p e c i e s  ( S e c t i o n  5 . 7 ) .  

From f u n c t i o n a l  i n t e r p r e t a t i o n s  o f  the morphology of ' f r e n a t u s '  

group s p e c i e s  i n  Chapter  1, these species w e r e  desc r ibed  as 

' s c r a p e r s ' ,  eaapable o n l y  o f  d e l i v e r i n g  a weak bite which s c r a p e s  

rather t h a n  cracks the substratum. A s  w i t h  the vso rd idus '  group, 

f i e l d  obse rva t ions  confirmed t h i s  p roposa l  and revealed a range  o f  

behavioura l  t r a i t s  c h a r a c t e r i s t i c  o f  t h o s e  s p e c i e s  s h a r i n g  t h e  

morphological f e a t u r e s  which d i s t i n g u i s h  the ' f r e n a t u s '  group.  

These inc lude :  a h i g h  f eed ing  r a t e ,  l a r g e  f eed ing  bouts ,  no marked 

mic rohab i t a t  p r e f e r e n c e  and i n t e r s p e c i f i c  aggress ion  d i r e c t e d  

p r i m a r i l y  towards o t h e r  ' f r e n a t u s '  group species (Sec t ion  5 . 7 ) .  The 

morphological and behav iou ra l  d i f f e r e n c e s  between t h e  two groups are 

summarized i n  T a b l e  5 . 7 .  

These r e s u l t s  reflect what is be l i eved  t o  be a major d i f f e r e n c e  

i n  t h e  f eed ing  s t r a t e g i e s  o f  t h e  two groups ,  The ' b i t i n g 1  

' so rd idus '  group have a s t r a t e g y  based on a f e w  l a r g e  powerful  

bi tes,  w h i l s t  t h e  ' s c r ap ing '  ' f r e n a t u s l  group have a s t r a t e g y  based 



Table 5 .7  A summary of the morphological and behav iou ra l  characteristics of ' so rd idus '  and 
' f r e n a t u s '  group species. 

' Sordidus  ' g:roup 'F rena tus '  group 
species ( bkters ) species ( scrapers ) 

Morphological f e a t u r e s :  

Osteology 
Suspensorium (adduc to r  f o s s a )  
1n:out l e v e r  ratio of d e n t a r y - a r t i c u l a r  j o i n t  
Pa la t ine-maxi l la ry  a r t i c u l a t i o n  
C u t t i n g  edge of jaws 
Musculature 
P inna t ion  of muscles 
A n t e r i o r  maxillary-premacilPary l igament  

S t rong  
Deep 
Large 
Simple 
Uneven 
W e l l  developed 
S t rong  
Binding 

Weak 
Shallow 
Small 
Complex 
Even 
Reduced 
weak 
Enclosing eynovia l  
j o i n t  

Behavioural  f e a t u r e s :  

A r e a  of bite Large Small  
Feeding rate ( b i t e s i m i n  . ) Low High 
N u m b e r  o f  bites p e r  f o r a y  
S u b s t r a t e  form most f r e q u e n t l y  b i t t e n  

Few 
Convex 

Numerous 
A l l  t y p e s  

Ex ten t  of s c a r r i n g  Deep scars Usual ly  none 
I n t e r s p e c i f i c  agg re s s ion  directed towards ' so rd idus  ' group 

species 
' f r e n a t u s '  group 
species 



on numerous small weak  bi tes .  Compared to the bi tes of the 

Yfrenatus' group species, %he large bi tes  of 'sordidus' group 

species may require relatively more energy and processing time ( t o  

grind ingested material) but axe l ikely  t o  contain a higher 

nutritive value per b i t e .  The uti l izat ion of convex or protruding 

surfaces is l ikely  t o  enhance the bi t ing efficiency of 'sordiduse 

group species, as pieces of the substratum are more easily cracked 

and dislodged, carrying w i t h  them a relat ively large volume of 

algae. Suitable convex or protruding surfaces, however, are not 

ubiquitous a t  the microhabitat scale, and once bitten, are of 

reduced value, because of the almost t o t a l  lack of algae from the 

bite s i t e  and its decreased convexity. Feeding bouts are therefore, 

limited t o  a few bi tes  i n  each area. The low feeding rates ( i n  

Bites/min.) of 'sordidus' group species may be accounted for by the 

high field per b i t e  ( i n  S .  sordtdus each Bite removed 2 . 1  times the 

area of algae removed by an S ,  frenatus bi te ,  T a l e  5.3) and/or the 

long time spent searching for suitable b i t e  s i t e s .  Alternatively, 

the low feeding ra te  may be the result  of a relatively long 

processing time necessary t o  grind the large volumes of algae and 

carbonate ingested per b i t e  by 'sordidus' group species, 

The small b i tes  of 'frenatus' group species may have small 

energetic costs but are also l ikely  t o  be of limited nutritional 

value when compared t o  bi tes  of the 'sordidus' group species. The 

'scraping' bi tes appear t o  be equally effective on a l l  algal covered 

substratum types as a l l  forms were readily grazed (Table 5 . 4 ) .  

Since each 'scraping' b i t e  removes only a relatively small area of 

algae, many bites are required to  deplete an area of i ts  grazing 

potential.  Feeding bouts are, therefore, relatively large ( 5 . e .  



w i t h  nupnerous bi tes)  as there i s  l i t t l e  benefit i n  switching from 

one feeding area to  another. The high feeding rate ( i n  bites/min.) 

sf 'frenatus' group sp@c%es may be accounted for by the low algal 

yield per bite, the minimal time required to  find suitable feeding 

s i tes  and possibly a reduced processing time, as 'frenatus' group 

species ingest only small vo%umes of algae and carbonate per bite. 

Overall, '$renatuse group species appear t o  rely on a large number 

of small, non-selective bites, whereas 'sordidus' group species rely 

on a few large bites from specific substratum types. 

Similar differences h e  been reported i n  the feeding 

skrategies sf  Caribbean scarids. Caribbean S c a r u s  species have high 

feeding rates and large feeding bouts (forays), w i t h  l i t t l e  evidence 

of searching behaviour between bites or bouts. I n  comparison, 

Spartsorna species have low feeding rates and small feeding bouts 

(forays), and carefully search the substratum between bites 

(Itzakowitz, 1977, 1980). It is interesting to  note that these 

differences correlate w i t h  morphological differences comparable t o  

those found i n  the 'frenatus' and 'sordidus' groups (Chapter 3 ) .  

A l l  Caribbean S c a r u s  species are probably a l l  members of the 

'frenatus' group (Section 1.3.4), whilst Spar t soma  species are 

closely related to  the 'proto-biters' C. b t c o b o r  and B. murtcaturn,  

and possess many features associated w i t h  a 'biting' feeding 

strategy (Chapter 3 ) .  It appears, therefore, that the 'biting' 

strategy that i s  utilized i n  the Indo-Pacific by 'sordidus' group 

species is used by Spar t soma  species i n  the Caribbean, especially 

S .  v t r t d e ,  which has a strong bi te  and a low bite rate (Gygi, 1975). 



I n  t h e  ana lyses  o f  s c a r i d  feeding  by m o a t  and Robertson 

( 1975), Bruce (1979) and Hatcher  (1981),  bites have been used as 

u n i t  f e e d i n g  even t s  to compare g raz ing  subs t ra tum u t i l i z a t i o n  and 

f e e d i n g  rates. However, bites pep se are o f  limited use for 

comparat ive ana lyses  o f  f eed ing  methods and rates as t h e y  d i f f e r  

markedly between s p e c i e s  ( Tatales 5 .2 ,  5 .3  ) . 

S c a r i d  feeding  s t r a t e g i e s  have been s t u d i e d  i n  a few Caribbean 

species (Ogden & Buckman, 1973, Buckman & Ogden, 1973, Itz&owi%z, 

1977, 1980, Lobel & Ogden, 1981 and Hanley, 1984) b u t  f o r  most 

species, t h e y  are p o o r l y  understood and r e q u i r e  more d e t a i l e d  

a n a l y s e s ,  The importance sf morphology i n  the understanding sf  

fo rag ing  behaviour  has been demonstrated i n  b u t t e r f l i e s  by 

Kingsolves & D a n i e l  (1979) and as o u t l i n e d  above, it i s  probably sf 

a similar i m p o ~ ~ c e  i n  the a n a l y s i s  o f  t h e  f e e d i n g  s t r a t e g i e s  o f  

s c a r i d s .  I n  add i t i on ,  it is impor tan t  t o  cons ide r  the na tu re  o f  the 

e n v i r o m e n t  i n  r e l a t i o n  t o  the f e e d i n g  methods o f  s p e c i e s  i n  t h e  two 

groups .  From t h i s  s tudy ,  it appears  t h a t  i n  terms o f  food 

a v a i l a b i l i t y ,  f o r  ' s o r d i d u s '  group s p e c i e s ,  the reef substratum is 

pa tchy  ( 5 . e .  a r e a s  o f  small c o n v e x i t i e s ) ,  w h i l s t  f o r  ' f r e n a t u s *  

group spec i e s ,  t h e  same area is relatively uniform, wi th  numerous 

t u r f  covered a r e a s .  Th i s  d i s p a r i t y  w i l l  s t r o n g l y  i n f l u e n c e  the i r  

b e h a v i s u r a l  p a t t e r n s .  This type o f  d i f f e r e n c e  i n  food r e source  

a v a i l a b i l i t y  h a s  been a s s o c i a t e d  wi th  d i f f e r e n c e s  i n  t h e  feeding  

s t r a t e g i e s  o f  i n d i v i d u a l  S. iserti (Ogden & Buckman, 1973 and 

Buckman & Ogden, 1 9 7 4 )  and between several Caribbean s c a r i d  s p e c i e s  

( I t zakowi t z ,  1977, 1980 ) , 



m e  terms qspecia l is t '  and 'generalist '  (sensu Schoener, 1991) 

are  not to ta l ly  applicable t o  the two groups. 'Sordidus' group 

species are special is ts  i n  the s@nse that  they specialize by feeding 

predominantly on a restricted substratum type (i5.e. convex a lgal  

covered surfaces), i n  comparison t o  generalist 'frenatus' group 

species which feed on a l l  available algal  covered substrata. 

However, 'frenatus' group species are restr icted t o  epi l i th ic  algae 

whilst 'sordidus' group species may use both epi- and endolithic 

material. In effect ,  the species forming both groups are 

special is ts  but in  different ways. 

The morphological specializations of scarids were interpreted 

i n  Chapter 1 in  a adaptive context. However, as these 

interpretations were based solely on morphological observations, 

they could only infer  an adaptive function. The combined results  of 

t h i s  chapter and those s f  Chapter 1, f u l f i l  the basic requirements 

of the 'synthetic method' of Bocle ( 1 980), who describes it as the 

only valid method for assessing biological adaptation. These 

results  show a consistent and strong correlation between the 

functional morphology and behavioural ecology of adult scar3ds. It 

is therefore proposed that  a large proportion of the morphological 

specializations of the feeding apparatus described in  Chapter 1 are 

adapted t o  the scarids' present ecological role as grazing 

herbivores and that  in  adult scarids, a t  leas t ,  morphology and 

behaviour are closely related. 



Park B - General  Biology 

Many a s p e c t s  o f  t h e  b io logy  o f  scarids have been examined, bo th  

i n  t h e  Pndo-Pacific and t h e  Car-bean. These s t u d i e s  have revea led  

numerous d i f f e r e n c e s  b e t e e n  s p e c i e s ,  a l though few o f  t h e s e  

d i f f e r e n c e s  correspond wi th  the morphological  d i f f e r e n c e s  described 

i n  c h a p t e r s  1 and 3 .  ( I t  should  be noted,  however, that  t h e  

' so rd idus '  group is probably  n o t  represented  i n  t h e  Caribbean, 

Sec t ion  1 . 3 . 4 ) .  

The demographic s t u d i e s  o f  Hobson (1974) ,  Choat and Robertson 

( 1975 ) , Bruce ( 1979 ) , Bouchon-Navaro and Hamel in-v iv ien  ( 1981 ) , 

W i % l i m  (1982)  and Ruas (1984 a, b )  have shown no group-re la ted  

d i f f e r e n c e s  i n  t h e  d i s t r i b u t i o n  o f  t h e  ' f r e n a t u s '  group and t h e  two 

most abundant ' so rd idus '  group species: s. sordtdus and S. gfbbus. 

S. sordtdus i s  a ubiqui tous  s p e c i e s ,  and occupies  a broad range  o f  

reef types and habitats, a l l  o f  which a r e  shared  by ' f r e l ?a tus l  group 

spcies  (Wil l iams,  1982 and Russ, 1984 a, b ) .  S. gtbbus h a s  a more 

r e s t r i c t e d  d i s t r a u t i o n  and i s  m o s t  numerous i n  sha l low water ,  

e s p e c i a l l y  on the reef c r e s t  (Russ,  1984 b ) .  This i s  no t  unusual ,  

however, s i n c e  t h e  reef crest and sha l low wa te r s  are a l s o  occupied 

by l a r g e  numbers o f  s c a r i d  s p e c i e s ,  i nc lud ing  s e v e r a l  ' f r e n a t u s '  

group s p e c i e s  ( ~ u s s ,  1984 b), 

The r ep roduc t ive  s t r a t e g i e s  o f  scarids have been e x t e n s i v e l y  

s tud ied  (Winn & Bardach, 1960, Randal l& Randal l ,  1963, Choat, 1966, 

1969, Buckmam & Ogden, 1973, Choat & Robertson, 1975, Warner & 

Downes, 1977, Bruce, 1978, 1979, 1980, Colin,  1978, Robertson & 



Warner, 1978, Hoffman C Stouder ,  1980, Yogo et at., 1988, Dubin, 

1989, IPsberkson et a&., 1982 and C%avijo,  1 9 8 3 ) .  These s t u d i e s  have 

r evea l ed  a cons ide rab le  degree  sf variability w i t h i n  and between 

species. Despi te  t h i s ,  o n l y  one r ep roduc t ive  c h a r a c t e r  corresponds 

w i t h  t h e  morphological d i f f e r e n c e s  between scarids, descr ibed  i n  

Chapters 1 and 3, namely the formation o f  s p h e r i c a l  eggs i n  the 

Sparisomatinae and s p i n d l e  shaped eggs i n  t h e  Scar inae  (Winn 6 

Bardash, 1960 and Randa l l  ti Randal l ,  1963) .  

Within t h e  Sca r idae ,  t h e r e  is  a wide range  o f  s o c i a l  systems.  

mese va ry  w i t h i n  and between species. I n d i v i d u a l s  may be site 

a t t a c h e d  o r  r o e n g ,  s o l i t a r y  o r  s choo l ing  ( i n  monospecifie or 

m u l t i s g e c i f i c  s c h o o l s )  w i t h  i n t r a s p e c i f i c  and/or i n t e r s p e c i f i c  

agg res s ive  i n t e r a c t i o n s  ( m o a t ,  1966, 1969, Ogden & Buehan ,  1973, 

B u c h a n  f Ogden, 1973, Barlow, 1975, Choat & Robertson, 1975, 

R o h r t s o n  e2 az., 1976 and Bruce, 1998, 1979) .  S o c i a l  o r g a n i z a t i o n  

i n c l u d e s  leks and harems (Robertson & Warner, 1978), wi th  less w e l l  

de f ined  in t e rmed ia t e  systems (Bruce, 1978).  The o n l y  a s p e c t s  o f  

s o c i a l  behaviour  that  show s i g n s  o f  a r e l a t i o n s h i p  wi th  the 

morphological groups desc r ibed  i n  Chapters  1 and 3 are those  a s p e c t s  

which relate t o  f e e d i n g  b io logy ,  r a t h e r  t h a n  reproduct ive  b io logy .  

O f  t h e s e ,  two are p a r t i c u l a r l y  noteworthy, 

F i r s t l y ,  the fo rag ing  methods o f  some Caribbean s p e c i e s  show 

genera- re la ted  d i f f e r e n c e s .  Spartsorna s p e c i e s  are t y p i c a l l y  

s o l i t a r y ,  slow f e e d i n g  and s i te  a t t ached ,  w h i l s t  Scarus s p e c i e s  

( o n l y  ' f r e n a t u s '  group s p e c i e s ,  s e c t i o n  3 . 4 )  are f r e q u e n t l y  

g rega r ious ,  f a s t  f eed ing  and h i g h l y  mobile (Ogden & Buckman, 1973, 

Buckman 6 Ogden, 1973, I tzakowi tz ,  1974, 1977, 1980 and Barlow, 



1975). Secondly, aggressive interactions may indicate some of the 

factors influencing territorial or social behaviour. Most 

aggression by scarids is intraspeeific and indicates a probable 

reproductive function (Ogden & Buckman, 1993, Buchan & Ogden, 1993, 

moat & Robertson, 1975, Bruce, 1978, 1999 and Robertson & Warner, 

1978). Interspecific aggression by scarids has been reported in 

both Caribbean and Indo-Pacific species. In the Caribbean, Barlow 

(1975) noted that interspecific aggression towards other scarids was 

greater than that towards pomacentrids, and that both were 

considerably' less than intraspecific aggression. Buckman and Ogden 

(1973) reported aggresssion by scarids towards Abudefduf saxatCZts, 

although no consistent aggression was noted towards potential 

competitors for food (AearatRurus chtrurgus) or space (Stegastes 

(Eupomacenesus) fnscus). Xnterspcific aggression has been noted in 

several Pndo-Pacific species (Choat & Robertson, 1995 and Bruce, 

1979). The reasons for such b e h a ~ o u r  are largely' unknown (Bruce, 

f999), although in S .  niger, interspecific aggression towards other 

herbivorous species (especially scarids) apparently served to defend 

permanent grazing sites near to cover (Choat & Robertson, 1975). 

In other studies of scarid behaviour, some genera-related 

differences have been found. For example, in the Caribbean, the 

nocturnal behaviour sf Spmisoma species differs from that of Scans 

species, The former sleeps in open areas with no mucous cocoon, 

whilst the latter sleep near cover and is enveloped by a mucous 

cocoon (Winn, 1955, Winn & Bardach, 1959, 1960, Bardach et aZ., 1960 

and Dubin & Baker, 1982). However, several other studies have 

failed to reveal any consistent genus-related or morphological 

group-related differences in behaviour. These studies include 



a n a l y s e s  o f  sun compass o r i e n t a t i o n  (Winn et aL., 1964), school ing  

( C h s a t ,  1966, 1969),  t h e  f requency  sf non-scarid i n t e r s p e c i f i c  

agg res s ion  (Barlow, 1975, Robestson e t  aL., 1976, Robertson e t  at., 

1979 and Robertson f Bolunin, 1981) and d i u r n a l  v a r i a b i l i t y  i n  

abundance (Colton f Alevizon, 1981) .  

I n  cons ide r ing  t h e  s t u d i e s  o u t l i n e d  above, t h e  d e t a i l e d  

a n a l y s e s  o f  d i s t r i b u t i o n  and reproduct ive  s t r a t e g i e s  s t r o n g l y  

sugges t  t h a t  fu rkhe r  s t u d i e s  i n  these a r e a s  are unljdcely t o  reveal 

c o n s i s t e n t  d i f f e r e n c e s  between morphological groups .  The o n l y  a r e a s  

t h a t  show evidence o f  morphology-related d i f f e r e n c e s  i n  behaviour  

a r e  t h o s e  related t o  f eed ing ,  namely, fo rag ing  methods and 

i n t e r s p e c i f i c  a g q e s o i o n .  The former h a s  been considered with 

r e s p e c t  t o  t h e  f eed ing  mechanism (above)  a l though t h e  g e n e r a l  

behav iou ra l  a s p e c t s  r e q u i r e  f u r t h e r  a n a l y s i s .  Foraging  methods and 

i n t e r s p e c i % i c  aggress ion  have been s t u d i e d  i n  several Indo-Pacif ic  

s p e c i e s  (Cheat, 1969, Ckoat & Robertson, 1975 and Bruce, 1978, 1979) 

a l though t h e  r e s u l t s  e r e  v a r i a b l e  and inconc lus ive .  The 

behav iou ra l  ana lyses  0% a d u l t  scarLds were t h e r e f o r e  concent ra ted  i n  

t h e s e  two a r e a s .  

5 . 6  Materials and Methods 

F i e l d  o b s e w a t i o n s  were made at  the North Reef  s t u d y  site a t  

L iza rd  I s l a n d  ( F i g .  5 , 1 )  between November 1981 and January 1984. 

A l l  obse rva t ions  were made u s i n g  SCUBA, with n o t e s  recorded on PVC 

s h e e t s .  The s tudy  s i te  w a s  mapped by t r i a n g u l a t i o n  u s i n g  prominent 

underwater  f e a t u r e s .  I n d i v i d u a l  f i s h  were i d e n t i f i e d  us ing  co lou r  

p a t t e r n s ,  p h y s i c a l  anomalies  and p a r a s i t i c  scars. The p o s i t i o n s  o f  



t h e s e  f i s h  were recorded over  several days  ( d u r i n g  10+ hour s  of 

d i r e c t  obse rva t ions  0% as a r e s u l t  o f  509 sight r e c o r d s )  and p l o t t e d  

on t h e  map o f  t h e  area. The sizes o f  khe home ranges  o r  t e r r i t o r i e s  

were then  e s t ima ted  from t h e s e  p l o t s ,  by connect ing  the outermost  

p o i n t s  and measuring the a r e a  enc losed ,  The d u r a t i o n  o f  such home 

ranges  and t e r r i t o r i e s  were noted bo th  f o r  h o r n  i n d i v i d u a l s  and for 

harems sf a p a r t i c u l a r  s p e c i e s  i n  a h o r n  area. Throughout the 

study pe r iod ,  agg res s ive  i n t e r a c t i o n s  and g e n e r a l  behaviour  p a t t e r n s  

were noted,  

5 ' '9 R e s u l t s  

1) Site a t t a c h e n %  - an estimate of t e r r i t o ry /home  range size and 

d u r a t  i on  

The terr i tory#kom@ range sizes and max5mum known d u r a t i o n  of 

recognizable  s i t e  a t t a c h e d  i n d i v i d u a l s  are given  i n  Table 5 . 8  A, and 

o f  harems o f  p a r t i c u l a r  s p e c i e s  ( though n o t  n e c e s s a r i l y  t h e  same 

i n d i v i d u a l s )  i n  Table  5 , 8  B. Site a t tachment  f o r  s h o r t  p e r i o d s  

(1-30 days )  was recorded  i n  several o t h e r  s p e c i e s .  Reproduct ive 

t e r r i t o r i e s  of TP S. gzobtceps ( > 3  days ) and S. sp tnus  (1 & > 2  days  ) 

w e r e  recorded d u r i n g  the summer months (November t o  February) .  (On 

L iza rd  I s l and ,  reproduct ion  i s  p robab ly  seasona l .  Spawning and 

c o u r t s h i p  behaviour  was o n l y  recorded between t h e  months o f  November 

and February) .  Si te at tachment  was a l s o  noted f o r  l i m i t e d  p e r i o d s  

i n  IP CaLotomus c a r o t t n u s  ( 1 4  d a y s ) ,  IP S. g tbbus  (6-23 days) and IP 

S. p r o n t a t t s  (30  d a y s ) ,  and i n  IP  and TP S. d tmtd ta tus  (10-27 d a y s ) .  

T rans i en t  s p e c i e s  o r  t h o s e  wi th  r e l a t i v e l y  l a r g e  home ranges  i n c l u d e  

IP S. b r e v i f t b t s ,  IP  and TP S. p s t t t a c u s ,  Htpposcarus Longtceps, 



T a b l e  5 . 8  A Duration and s i z e  o f  home r a n g e s / t e r r i t o r i e s  o f  scarids: 

A - known ind iv idua l s ,  at North Reef. 

Species N u m b e r  o f  Dura t ion  of s i te  Est imated home range/ 
2 i nd iv idua l s  at tachment (days  ) t e r r i t o r y  s i z e  ( m ) 

S. f r e n a t u s  TP 6 
IP  5  

S .  n t g e r  IP 1 

S .  o v t c e p s  TP 2 
IP  2 

'PP = Terminal phase, IP = I n i t i a l  phase 
2 * - Lagoon home ranges =1800+  m occupied by one I P  and one TP. 

Table 5.8 B Durat ion and size of home r a n g e s / t e r r i t o r i e s  o f  scaridsr 
B - permanent sites, unknown ind iv idua l s ,  at North Reef. 

Species Number Number o f  Duration o f  site Area (r2 ) 
o f  sites i n d i v i d u a l s  u t i l i z a t i o n  (days )  

per site 

S .  f r e n a t u s  (TP+IP) 6 2 - 3  583 - 687 240 - 300 

S .  n t g e r  4 3 - 5  579 - 687 260 - 320 
S .  s o r d t u u s  (TP) 2 1 

S .  g tbbus  1 4 - 6  

C .  b t c o l o r  (TP+IP) 1 9 610 BOOW 



BoEbometopsn murtcatum and some IP S .  ssrdtdus. 

Site attachment may be territorial or home ranging. This is 

primarily dependent upon the nature and frequency of aggressive 

interactions, as described in section If below. These interactions 

are both complex and variable. Tke typical fsms of site attachment 

in several scarid species at North Reef are summarized &low: 

11) Permanent territories defended intra- and interspecifically: 

S .  frenatus. 

2) Permanent territories defended primarily intraspecifically: 

S .  ntger, S. ovtceps, S .  ~ubrovtotcaceus and some S ,  sordtdus 

3) Permanent home ranges with little aggression: S. bbeekert, 

S .  gtbbus, S .  japanensts, S .  dtmtdtatus, S .  fZavCpectorabts 

and S .  sptnus. 

4) Large home ranges or roving, often in schools: Cetoscarus 

btcoLor, Botbometopsn murtcatum, Htpposcarus Longtceps, some 

S .  S O P ~ % ~ U S ,  S. DrevtftZts, S .  ghobban, S ,  gbobtceps, 

S. pstttacus, S ,  schZegebt and S. sp. (cf. LunuLa). 

5) Seasonal reproductive territories: S. gtobtceps and S. sptnus, 

f I ) Aggression 

1) Intraspecific aggression 

In many species, intraspecific aggression was the most frequent 

f o m  of scarid-scarid interaction (Table 5.9). Although these 

interactions were not observed in detail, two main types were 

observed: a) intraspecific territorial behaviour with TP-TP and 

occasionally, IP-IP interactions and b) hierarchial aggression 

between TP-IP individuals and between large and small IP 



Table 5.9 Aggressive in t e rac t ions  between sca r id s .  

Recipient species:  

C e t o s c a r u s  b t coZor  
Scarus  b z e e k e r t  
Searus  g tbbus  
Scarus  japanens ts  
Scarus  s o r d t d u s  
Scarus  b r e v t f t z t s  
Scarus  f r e n a t u s  
Scarus  ghobban 
Scarus  gZobtceps  
Scarus  n t g e r  
Scarus  o v t c e p s  
Scarus  r t v u L a t u s  
Scarus  rubrov t sZaceus  
Scarus  schZegeLt  
Scarus  s p t n u s  
SC.=~U,Q an "r. 

Rela t ive  abundance * 

Aggressor: 

Tota l  number o f  i n t e r ac t ions  recorded 

* = Total number o f  f i s h  recordea i n  t e n  5 x 50 m t r ansec t s .  
+ = Species p re sen t  bu t  not recorded i n  above t r a n s e d .  
The abundance o f  scarids i n  t h e  reef crest region of t h e  study 
area are as fol lows ( p d  on f i v e  5 x 50 m r e p l i c a t e  t r a n s e c t s t  
mean number per 250 m * 95 % C . P. ): 
C. b t co%or  0.6 * 1.02 S. r t w u t a t u s  0,2 * 0.52 
S .  gtbbus  0.6 * 0.63 S. ~ u b r o v t L a c e u s  0.4 * 0.63 
S .  s s r Q t d u s  1.2 * 1-49 S .  ta~h%ege'l% 0.2 * 0.52 
S. f r e n a t u s  3.2 * 0.97 S .  s p t n u s  0.2 * 0 . 5 2  
S. gtobLceps  1.0 * 1.40 S c a ~ u s  8p. 0 .6  * 1 . 0 2  
S . Q V % C C ? ~ S  1 .0  * 0.82 
The aggressive in t e rac t ions  w e r e  recorded during approximately 
lo0 h r s  o f  obsematioms i n  kh@ reef crest and reef slope regPom 
of t h e  North Reef study site, Most i n t e r a c t i o n s  were observed kn 
t h e  reef  c r e s t .  region. Only v i o l e n t  i n t e r a c t i o n s  are t abula ted  
here,  mild h i e r a r c h i c a l  displacements are not  LnePuded. 



individuals. 

Intraspecific territorial interactions were usually vigorous 

involving long chases and/or lateral displays. Such aggression was 

observed seasonally in some species (e.g. S. gZobtceps and S. sptnus 

and once in S, rkvuzatus) and year-round in others (e .g. . 
S .  frenatus, S. ntger, S. ~ubrovtoZaceus and S. sordtdus). 

Hierarchiad aggression, however, was usually mild with short chases 

or disp%acements, It was most frequently observed in S. frenatus 

and S. ntger (both species having relatively stable haremic social 

systems), and occasionally in S o  gtbbus, although this may have been 

reproductive activity. 

Bkkes forms of iwtraspecific aggression included violent 

dlisplacement of territorial lTs by other Tgs (seen in S, frenatus) 

and chasing of IPS by IPPs prior to spawning ( in S. frenatus, 

S .  gzobteeps and S. sordtaus). 

2) Interspecific aggression 

Non-scarid interspecific aggression primarily consisted of 

attacks upon scarids by PZagtotremus species, pomacentrids and 

Acanthurus Ztneatus (Ti.). Pzagtotremus rhynorhynchos (Bleeker) and 

P. tapetnosoma (Bleeker) regularly fed upon scarids, whilst 

psmaeentrids excluded scarids from their territories. At the North 

Reef site, PLectrsgZyphtdoUon Zacrymatus (Quoy & Gaimard) was the 

most frequent aggressor. In the lagoon, attacks were most 

frequently recorded from Stegastes ntgpdcms (Lacepede), S, aptcats 

(Be Vi ), Pomacentrus ftavtcuada (Whitley), P. wa~dt (Whitley) and 

P . grammorhynchus (Fowler ) . ( Identifications based on Allen El975 ] 

and Russell [1983]). A. Ztneatus-scarid interactions were complex. 



A .  Ltneatua aggression was dkrected t o  a l l  species of scarid, 

irrespective of morphological group or feeding type. Bowever, large 

individuals of S. gtbbus ,  S ,  B r e v t f t L t s ,  S. rubrovtoLaeeus,  

Ce tosearus  btesLor and Bo'Ebometopsn mustcaturn were not attacked 

suggesting a size-related aggressive threshold (moat  c Bellwood, i n  

press ) , 

Interspecific aggression between scarids was rare.  Bowever, 

two exceptions were observed: S ,  sord tdus  and S .  fpenatus  (Table 

5 . 9 ) .  In both species, i n t e r s p c i f c  aggression was of a t e r r i t o r i a l  

nature. En S .  s o ~ d t d n s ,  interspecifie aggression was observed only 

in TP individuals. In S. f r e n a t u s ,  interspecific aggression was 

obsremed i n  both fP and TP individuals. In the reef slope area of 

Noeh Reef, S ,  f m n a t u s  formed harems of 2-3 individuals w%th a 

single TI?, These individuals held t e r r i to r ies  throughout the year, 

with those sf  the IP" being completely -thin that  of the TP* 

Territory patrolling behaviour (as  noted by B?xCe, 1978) was only 

observed i n  TPs and was restricted t o  the reef cres t  region, even 

though the boundaries of the t e r r i to r ies  sometimes extended t o  the 

base of the reef ( a t  8 m depth). S. f r ena tus  t e r r i to r ies  were 

defended against conspecifics and most other scarid species, with 

the  exception of S. gtbbus and S .  sord tdus ,  some individuals of 

which held t e r r i to r ies  tha t  overlapped those of several S .  f r e n a t u s .  

Some 'frenatus' group species were tolerated, but only i f  they 

remained i n  the water column. S. f renatus  in  the back reef area of 

North Reef and i n  the lagoon were home ranging. They showed no 

signs of interspecifie aggression and occasionally joined 

multispecific schools. 



The t o l e r a n c e  o f  S. sordtdus and S. gtbbus  ( t h e  most abundant 

' s o r d i d u s '  group s p e c i e s  on North Reef)  by t e r r i t o r i a l  S .  f r e n a t u s  

is sf p a r t i c u l a r  i n t e r e s t .  Both S. f r e n a t u s  and ' f r e n a t u s '  group 

species a t t a c k e d  s p e c i e s  o f  the ' f r e n a t u s '  group more o f t e n  than  one 

would e-ct from their r e l a t i v e  abundances i f  attacks w e r e  

n o n s e l e c t i v e  ( f o r  S. frenatus, X2 = 12.4 ,  p < 0.001, and for 

f r enakus  group s p e c i e s  as a whole, X2 = 8.9,  p < 0,005, d f  f o r  

both = 1, d a t a  from Table 5 - 9  ) . (Comparing t h e  observed number of 

a t t a c k s  towards each group, VS. t h e  expected number o f  attacks 

towards each  group, based on their  r e l a t i v e  alaundances). Likewise, 

%ordidus '  g r ~ u p  s p e c i e s  a t t a c k e d  more ' so rd idus '  s p e c i e s  t h a n  

expected i f  attacks were n o n s e l e c t i v e  ( X 2  = 25.7, p < 0.001, d f  = 1, 

based on d a t a  i n  T a b l e  5 .99 ,  These r e s u l t s  s t r o n g l y  sugges t  t h a t  

' s o r d i d u s  ' and ' f r e n a t u s  ' group s p e c i e s  are selectively aggres s ive  

t w a ~ d s  s p e c i e s  o f  t h e i r  o m  r e s p e c t i v e  morphological  groups.  

Within S .  fTertatus, i n t e r s p e c i f i c  aggress ion  w a s  no t  e q u a l l y  

2 dLvidedl between eo lou r  phases  (X -7.913, df=l,  p< 0.005; Table 

5.10 ) . A%though TPs r ep re sen ted  o n l y  45% sf S. fpena tus  p re sen t  i n  

the reef s l o p e  area o f  North R e e f ,  they w e r e  r e s p o n s i b l e  f o r  67% o f  

the recorded  i n t e r s p e c i f i c  attacks i n  t h i s  a r e a  ( T a b l e  5,10). O f  

these, most w e r e  d i r e c t e d  towards o t h e r  TPs, i n  c o n t r a s t  t o  XP 

S ,  f r e n a t u s ,  where i n t e r s p e c i f i c  agg res s ion  w a s  a lmost  exc lus ive Iy  

d i r e c t e d  towards o t h e r  IPS (Tab le  5.10 ) , 

Throughout t h e  s tudy ,  no a t t a c k s  by s c a r i d s  towards non-scarid 

h e r b i v o r e s  were recorded.  



5.10 Differences i n  the extent of interspecific aggression by terminal 
phase (TP ) and in i t i a l  phase ( fP ) S.  frenaf us occupying cornon 
terri tories i n  the reef crest region of North Reef. 

No. of % of total  attacks % of to ta l  
attacks pel: colour phase ' attacks 

Terminal phase r 

Attacks om TPs by TP S .  fsenatus 3.8 6 4 43 
Attacks on IPS by TP S. frenatus PO 36 24 - - -- 
Total attacks by TP S. frenatus * 28 100 67 

In i t ia l  phase : 

Attacks on Ws by I P  S .  frenafus 
Attacks on IPS by'IP 8 .  frenatus 

Total attacks by I P  S. frenatus 

* - I n  the study area: TPs = 45% (=lo) 06 the total  S. frenatus count ( ~ 2 2 ) .  
TPs therefore attack other s arid9 more often than IPS when their relative 
abumdances are considered 8 7.913, p< 0.OC15. 



5.8 Discuss ion  

The n a t u r e  o f  t h e  site attaekrraent sf s p e c i e s  i n  t h i s  s t u d y  w a s  

s i m i l a r  t o  t h a t  o f  o t h e r  s c a r i d  s p e c i e s .  Ter r i to r ies /home ranges  

ranged from 180 t o  1000 m2 and are s i m i l a r  t o  t h o s e  of s e v e r a l  

Indo-Pacif ic  s p e c i e s  a t  Aldabra, which va ry  from 40 - 1000 m 2 

(Bruce, 1978). Comparable r anges  have been recorded i n  one 

Caribbean s p e c i e s ,  t . e .  120 - 500 m2 i n  Scarus  t a e n t o p t e r u s  

Desmarest ( Dubin, 1981 ) , a l though  o t h e r s  have no tab ly  s m a l l e r  

t e r r i t o r i e s ,  f o r  example, 18 t o  12 m2 i n  Scarus  tsertt (Ogden s 

Buckman, 1973 and Buckman & Qgden, I973 ) and 25 - 50 m2 i n  Scams 

vetuba Bloch & Schneider  ( C l a v i j o ,  1983). I n  t h e  p r e s e n t  s t u d y  and 

i n  t h a t  o f  Bruce (1978) cons%derable  v a r i a t i o n  between species w a s  

apparent  i n  bo th  the size and d u r a t i o n  o f  site a t t achmen t .  Tke 

maximum recorded  d u r a t i o n  o f  site at tachment  v a r i e d  w i t h  bo th  t h e  

n a t u r e  o f  t h e  site at tachment  and the e x t e n t  o f  the s t u d y  p e r i o d .  

Temporary r ep roduc t ive  t e r r i t o r i e s  may be h e l d  on ly  f o r  a few days  

( C l a v i j o ,  1983 and t h i s  s t u d y )  w h i l s t  t e r r i t o r i a l  o r  home ranging  

species may remain i n  one area f o r  at least 703 days (Tab le  5.8 A; 

cf. 143 days  observed by Bruce, 1978). 

I n  a d d i t i o n  t o  the va r i ab i l i t y !  i n  s i z e  and d u r a t i o n  o f  s i t e  

a t tachment ,  t h e r ?  w a s  a laxge  degree  o f  v a r i a b i l i t y  between s p e c i e s  

i n  t h e  n a t u r e  o f  site a t tachment .  A broad spectrum, o f  t y p e s  o f  s i te  

at tachment  w a s  apparent  from home ranges  t o  permanent t e r r i t o r i e s ,  

w i t h  i n d i v i d u a l s  defending one o r  more o f  a range  o f  r e sou rces  

related t o  reproduct ion ,  food o r  shelter (Buckman & Ogden, 1973 and 

Choat & Robertson, 1975). I n  at  least two s p e c i e s  ( t . e .  S. n t g e r ,  

S. frena-tus and p o s s i b l y  S. s o r d i d u s ) ,  t e r r i t o r i a l  behaviour  appears  



t o  be related t o  the defense of more than one type of resource 

(Choat & Robertson, 1975 and th i s  section). The fom of s i t e  

attachment i s  not necessarily species-specific and although many 

species have specific behavioural t r a i t s ,  a great deal 0% 

within-species variabil i ty is apparent. 

This is moat c1earI.y demonstrated i n  S. frenatus. A t  Herow 

Island., Great Barrier Reef, S. frenatus was described by Chsat 

(1969) as a soli tary species that occasionally joins mixed species 

schools, A t  Aldabra, Indian Qcean, Bruce (1978) descrifaed 

S. frenatus as a s i t e  attached species, with soli tary TPs ( i n  

respect t o  other TPs) and IPS in  groups of 2 t o  3 ,  The ranges of 

these T€?s and f P s  overlapped parkially. Violent aggression was 

recorded between "IPS, from TPs t o  Ips and between Ips, although 

within the groups of IPS, aggression was limited t o  displacemen%s 

(t .e, one fish moving another but without giving chase). No 

patrolling of TPs was noted and the only interspecific aggression 

was towards fP and TP S. scaber and S ,  trtcobor ( a s  S. cyagnathos). 

A t  other Aldabran local i t ies ,  however, Bruce (1979) observed 

transient groups of non-site attached IP  and TP individuals. 

A t  Lizard Island, some individuals showed comparable behaviour 

t o  that  described by moat (1969) and Bruce (1978) but others showed 

a much stron:pr degree of t e r r i to r ia l i ty .  I n  the back reef area of 

North Reef and i n  the lagoon, S. frenatus were home ranging and 

occasionally joined multispecific schools of scarids. No violent 

aggression was recorded inter- or  intraspeeifically. On the reef 

cres t  of North Reef, however, S. frenatus were haremic and strongly 

t e r r i t o r i a l  with IP  t e r r i to r ies  being within that  of the TP. 



P a t r o l l i n g  by t h e  TP was observed as w e l l  as v i o l e n t  i n t e r a c t i o n s  

between TPs,  from TPs t o  IPS, between IPS and from both  TPs and Ips 

t o  a l a r g e  range o f  o t h e r  s c a r i d  s p e c i e s  (Table  5 . 9 ) .  S i m i l a r  

o b s e m t i o n s  were made a t  o t h e r  l o c a l i t i e s  around Lizard  I s l a n d  and 

a n  t h e  back reef o f  o u t e r  reefs. However, on t h e  reef crest of 

o u t e r  reefs, S. frenatus TPs appeared t o  hold  o n l y  temporary 

r ep roduc t ive  t e r r i t o r i e s ,  ~ 5 t h  IPS ho ld ing  small s o l i t a r y  home 

ranges ,  a l though on one occas ion ,  IPS were seen t o  form a l a r g e  

( 406. ) monospecif ie schoo l ,  

These d i f f e r e n c e s  i n  t h e  behaviour  o f  a s i n g l e  s p e c i e s  

unde r l ine  the need f o r  c a u t i o n  when i n t e r p r e t i n g  behaviour  o f  

s e a r i d s ,  p a r t i c u l a r l y  when based on obse rva t ions  du r ing  l i m i t e d  

p e r i o d  o r  a t  a r e s t r i c t e d  number o f  s t u d y  sites. It is  p a r t i c u l a r l y  

i n t e r e s t i n g  to n o t e  that t h e  v a r i a b i l i t y  i n  behaviour  ove r  s h o e  

d i s t a n c e s  (6.e. 186 m from t h e  reef crest t o  t h e  back reef area of 

N o r t h  Reef )  is  comparable t o  that found between popu la t ions  i n  

d i f f e r e n t  geographic r eg ions .  

The between s p e c i e s  v a r i a b i l i t y  i n  t h e  n a t u r e  of s i t e  

at tachment ,  as desc r ibed  above, i s  s t r o n g l y  r e f l e c t e d  i n  t h e  

ana lyses  sf a g g r e s s i v e  behaviour  (Tab le  5 . 9 ) .  These a n a l y s e s  

provide  an i n d i c a t i o n  o f  some o f  the f a c t o r s  i n luenc ing  s i te 

at tachment  and the importance o f  morphology i n  such c o n s i d e r a t i o n s .  

A t  L izard  I s l a n d ,  i n t r a s p e c i f i c  agg res s ion  i n  many s p e c i e s  was 

m o s t  apparent  du r ing  t h e  spawning months, and a s  i n  o t h e r  s t u d i e s  

(Randal l  & Randal l ,  1963, Choat 6 Robertson, 1975, Bruce, 1978 and 

C lav i jo ,  1983) ,  it is be l i eved  t o  be p r i m a r i l y  o r i e n t e d  towards 

reproduct ion .  I n t e r s p e c i f i c  agg res s ion ,  however, was no t  observed 



i n  as many s p e c i e s  as i n t r a s p e c i f i c  aggress ion  b u t  was observed 

throughout  t h e  y e a r ,  I n t e r s p e c i f i c  aggress%on may Rave some 

r ep roduc t ive  advantages By decreas ing  t h e  chances o f  

c r o s s - f e r k i l i z a t i o n  . However, t h e  year-round aggress ion  

s p e c i f i c a l l y  d i r e c t e d  towards morphologicalEy (and  e c o l o g i c a l l y )  

s i m i l a r  s p e c i e s  s t r o n g l y  s u g g e s t s  that such a t t a c k s  a r e  

non-reproductively o r i e n t e d ,  and that t h e s e  a g g r e s s i v e  i n d i v i d u a l s  

are defending  another  type o f  r e sou rce .  

I n  th is  s tudy ,  i n t e r s p e c i f i c  a g q e s s i o n  was p r i m a r i l y  

r e s t r i c t e d  t o  s i te  a t t a c h e d  S .  frenatus i n  t h e  r e e f  crest reg ion ,  

a l though some i n t e r s p e c i f i c  agg res s ion  was noted i n  t h e  few 

p m m e n t l y  site a t t ached  TP S. sordtdus i n  t h e  same reg ion  ( T d b l e  

5 . 9 ) .  The aggres s ive  i n t e r a c t i o n s  o f  S. frenatus were s tud ied  i n  

m o s t  detail and revea led  s e v e r a l  i n t e r e s t i n g  facets. F i r s t l y ,  

nsn-scarid i n t e r s p e c i f i c  agg res s ion  was always d i r ecked  towards 

S .  frenatus, with  pomacentrids,  Acanthurus Zineatus and Pzagtotremus 

species r e g u l a r l y  a t t a c k i n g  S. frenatus. No aggres s ion  by 

S ,  frenatus towards non-scarid h e r b i v o r e s  was observed.  Secondly, 

o n l y  t h o s e  i n d i v i d u a l s  o f  S. frenatns i n  t h e  r e e f  crest reg ion  

d i sp l ayed  i n t e r s p e c i f i c  agg res s ion  towards o t h e r  s c a r i d s ;  

i n d i v i d u a l s  i n  t h e  back reef r e g i o n  o f  North Reef and i n  t h e  lagoon 

wela n o t  i n t e r s p e c i f i c a l l y  a g g r e s s i v e  and o c c a s i o n a l l y  joined mixed 

s p e c i e s  s choo l s .  F i n a l l y ,  S. frenatus - s c a r i d  agg res s ion  was 

s e l e c t i v e l y  d i r e c t e d  towards ' f r e n a t u s '  group s p e c i e s .  

These observa t ions  raise two ques t ions :  f i rs t ly ,  why i s  

aggres s ion  by S, frenatus predominant ly d i r e c t e d  towards o t h e r  

' f r e n a t u s '  group spec i e s  and secondly ,  why was t h i s  behaviour  o n l y  



observed i n  the r e e f  crest r eg ion  a t  L iza rd  I s l a n d  ? It appea r s  

that 9. f renatus  i n  the r e e f  crest r eg ion  o f  North R e e f  are actively 

defending  a non-reprsductive r e sou rce  a g a i n s t  morphological ly  and 

eco log ica l%y  similar s p e c i e s  ( 2 . e .  ' f r e n a t u s '  group s p e c i e s ) .  This 

type o f  d i f f e r e n t i a l  aggress ion  towards e c o l o g i c a l l y  s i m i l a r  s p e c i e s  

h a s  been recorded i n  o t h e r  reef f i s h e s ,  i nc lud ing  he rb ivo rous  

pomaeentrids and a c a n t h u r i d s  (Low, 1971, Mpreberg &. Thresher ,  1974, 

Thresher ,  1976, E3erso le ,  1977, Robertson et a ,  1979, Gronel l ,  

1980, Robertson & Ps lun in ,  1981 and Choat & Bellwood, i n  p r e s s ) ,  and 

chae todont ids  ( Reese , 1975 ) . 

The e c o l o g i c a l  d i s s i m i l a r i t y  between ' so rd idus '  and ' f r e n a t u s '  

group s p e c i e s  h a s  been o u t l i n e d  above. Ana lys i s  o f  t h e i r  morphology 

and behavioura l  eco logy  i n d i c a t e  a degree  o f  resource  p a r t i t i o n i n g  

between s p e c i e s  i n  t h e  two groups with r e s p e c t  t o  t h e  depth and type 

sf substratum u t i l i z e d .  Such p a r t i t i o n i n g  would decrease  p o t e n t i a l  

eompe%itisn between t h e  groups and may account  f o r  t h e  observed 

d i f f e r e n c e s  i n  the degree  o f  antagonism e x h i b i t e d  by S .  f r ena tus  

towards s p e c i e s  i n  t h e  two f u n c t i o n a l  groups (Table 5 . 9 ) .  The 

mechanism which enab le s  S. frenatus t o  recognise  e c o l o g i c a l l y  

s i m i l a r  s p e c i e s  is n o t  known, a l though the s t u d i e s  o f  Losey (1982)  

sugges t  t h a t  some t e r r i t o r i a l  herb ivorous  f i s h e s  may s e l e c t i v e l y  

a t t a c k  o t h e r  s p e c i e s  i n  response t o  t h e i r  f eed ing  habits.  

Resource p a r t i t i o n i n g  is f r e q u e n t l y  i n t e r p r e t e d  a s  a r e s u l t  o f  

compet i t ive  i n t e r a c t i o n s  ( g a g ,  MacArthur & Levins,  1967, Schoener,  

1968, Pianka, 1969, Emery, 1973, F r a s e r ,  1976, Werner, 1977, G a t z ,  

1979 and Levi ten ,  1979) ,  a hqppothesis t h a t  is supported by 

exper imenta l  and t h e o r e t i c a l  ana lyses  ( e . g .  Connel l ,  1961, J a e g e r ,  



1991 a d  Werner & Hall, $977, 1979). Competition need not, however, 

be the sole mechanism behind resource partitioning. Several other 

hypotheses have been proposed, based on non-competitive mechanisms. 

In these studies, partAtioning has been linked a t h  environmental 

gradients (Whittalker, 1967 and Harris, 1972), predation (Connell, 

1976), food and predation (Dunham, et aZ . , 1978 ) and under-exploited 
resources (Ebersole, 1985). An additional potential mechanism of 

non-competitive resource partitioning is the specialization of a 

species to maximise net energy accumulation (mien, 1968, Mitchell, 

1969 a d  Bloom, 1981). In Bloom (1981), two guilds of nudibranchs 

e r e  shown to parkition food as a result sf morphological and 

behavioural specializations which enabled the two guilds to maximise 

net energy aceumu%ation from their respective mutually exclusive 

feeding niches. In ssarids, the two guilds (5.e. 'biters' and 

'scrapers') do not have mutually exelusive feeding niches, however, 

similar energetic considerations mag play an important part in 

maintaining the observed resource partitioning. 

The lack of aggression by S. frenatus towards acanthurids 

suggests that there may be a significant difference between the 

diets of S .  frenatus and acanthurids. Acmthurus Ztneatus regularly 

chases scarids (including S .  frenatus) from its territories 

(Robertson et aZ., 1979, Robertson & Pslunin, 1981 and Choat & 

Bellwood, in press), yet S. frenatus shows no aggression towards 

A. Ztneatus or any other acanthurid species. This disparity may be 

a result of the ability of S ,  frenatus to utilize all food resources 

used by the browsing A. tineatus (see Robertson et az., 1979 and 

Robertson f Polunin, 1981 for an account of A ,  Zineatus feeding 

habits; browsing is as defined for acanthurids by Jones, 1968), 



A .  'Ltneatus and o t h e r  acan thu r ids ,  however, are capable  o f  u t i l i z i n g  

o n l y  a p ropor t ion  o f  t h e  food u t i l i z e d  by S. f r ena tus  as a r e s u l t  o f  

t h e i r  morphology ( a c a n t h u r i d  morphology is desc r ibed  by Jones ,  

1968) .  The e n e r g e t i c  g a i n s  o f  exc lus ion  o f  o t h e r  herb ivorous  groups 

may t h e r e f o r e ,  d i f f e r  between S ,  frenatus and A .  L tnea tus .  

I n  a d d i t i o n  t o  the d i r e c t  morphological l i m i t a t i o n s  o f  the 

f e e d i n g  appara tus  o f  s c a r i d s  and acan thu r ids ,  a l g a l  t o x i n s  may play 

an imporkmt  r o l e  i n  he rb ivo rous  feeding  s t r a t e g i e s  as comparable 

compeunds have i n  terrestrial systems ( E h r l i c h  & Raven, 1964, Heeny, 

197Q and Freeland & Janzen,  1974).  Many s p e c i e s  o f  marine a l g a e  

have  been found t o  c o n t a i n  t o x i n s  (Ogino, 1962, Doty & 

Wguilar-Santos, 1966, 1970, Hashimoto e t  a t . ,  1972 and Nor r i s  & 

PenicaS,  1982),  some o f  which may i n f l u e n c e  g raz ing  p a t t e r n s  of 

t r o p i c a l  marine f i s h e s  (Lobe1 & Ogden, 1981) .  Acanthurids and 

psmaeent r ids  i n g e s t  l a r g e  q u a n t i t i e s  o f  a l g a e  b u t  have l i m i t e d  

d i g e s t i v e  c a p a b i l i t i e s  which r e s u l t  i n  some a l g a l  s p e c i e s  p a s s i n g  

through t h e  d i g e s t i v e  tract i n t a c t  (Randal l ,  1961 and Lobel, 1980, 

198%) .  I n  s c a r i d s ,  the i n g e s t e d  material c o n t a i n s  less a l g a e  and it 

is a l l  f i n e l y  t r i t u r a t e d ,  i r r e s p e c t i v e  o f  the a l g a e  species ( p e r s .  

o b s . ) .  S c a r i d s  and a c a n t h u r i d s  may t h e r e f o r e  d i f f e r  i n  the i r  

exposure o r  s u s c e p t i b i l i t y  t o  t o x i n s  i n  ~ r i o u s  a l g a l  s p e c i e s  which 

may i n  t u r n ,  i n f luence  t h e i r  f eed ing  behaviour .  

Another f a c t o r  which p o t e n t i a l l y  d i f f e r e n t i a t e s  t h e  f eed ing  

abi l i t ies  o f  s c a r i d s  and acan thu r ids  i s  i n t e s t i n a l  pH. S c a r i d s  

t y p i c a l l y  have a l k a l i n e  i n t e s t i n e s  (Gohar & L a t i f ,  1961 b and S m i t h  

6 Paulson,  1974),  whilst t h o s e  of  acan thu r ids  may e i t h e r  be a c i d  or 

a l k a l i n e  (Lobel ,  1981 ) . The p o t e n t i a l  a b i l i t y  o f  a l k a l i n e  



intest inal  conditions t o  destroy some algal  toxins has been noted by 

Lobe1 (1981).  I n  addition, the buffering effects  of carbonate may 

l i m i t  the ab i l i ty  of acid secreting species t o  eat  algae containing 

carbonate, or gmaze i n  areas that  result  i n  high rates of carbonate 

ingestion, In conclusion, it appears tha t  scarids and acanthurids 

possess several features that  l i m i t  the algal  resources that  each 

family is able t o  u t i l i ze  as a result  of both morphological and 

physiological constraints. 

It i s  therefore proposed that  the lack of aggression by 

S .  frenatus towards Pso rd id~s '  group species and acanthurids i s  a 

result  of differences i n  thei r  feeding biology. These differences 

decrease the potential competition between species, and are l ike ly  

t o  make exclusion of 'sordidus' group species and acanthurids by 

S. frenetus energetically less profitable than the exclusion of 

'frenatus-oup species. These morphologieafly and behaviourally 

similar species are potential competitors and are vigorously 

excluded, The benefits of t h i s  behaviour presumably outweigh the 

cost sf exclusion. 

The above interpretations a s s i s t  i n  answering the second 

question: why is the year-round t e r r i t o r i a l  behaviour i n  

S .  frenafus I%mited t o  individuals i n  the reef crest region a t  

Lizard Island? From the previous discussion, it appears t ha t  

t e r r i t o r i a l  S .  frenatus are defending a resource shared by species 

with a similar jaw morphology and feeding behaviour. This shared 

resource is therefore, probably food. I f  so, the question can then 

be more specific: I s  the reef crest  region a t  Lizard Island, a 

preferred feeding area, and i f  so, why? This question cannot be 



answered from t h e  data c o l l e c t e d  i n  t h i s  s t u d y  and r e q u i r e s  

manipula t ive  experimentakion. However, several l i n e s  o f  evidence 

s u g g e s t  t h a t  t h e  reef crest r eg ion  i s  a p r e f e r r e d  f e e d i n g  a r e a  f o r  

scarids, Some i n d i c a t i o n s  sf t h i s  cond i t i on  are g iven  below. 

S c a r i d s  are d i u r n a l l y  a&ive graz ing  h e r b i v o r e s  which feed  

a lmost  esnkinuously on t u r f  a l g a e  (5.e. e p i l i t h i c  a l g a e  [Hatcher,  

19811) .  me l a r g e  number o f  s e a r i d s  found i n  the r e e f  crest area 

( 0 %  comparable zone)  i n  a number o f  s t u d i e s  (Choat & Robertson, 

$975, Bruce, 1979, Bsuchon-Navaro & Harmelin-Vivien, 1981 and Russ, 

1984 a, b )  sugges ts  that  t h i s  a r e a  is a s u i t a b l e ,  though no t  

mecessar i%y p r e f e r r e d ,  f eed ing  a r e a .  The h igh  s t a n d i n g  c rop  and 

y i e l d  o f  t u r f  ( e p i l i t h i c )  a l g a e  (Hatcher ,  1981; Hatcher & Larkum, 

1983) ,  however, s t r o n g l y  sugges t  t h a t  t h i s  area would be p r e f e r a b l e  

t o  o t h e r  a r e a s  ( e . g .  lagoon o r  deep reef s l o p e )  f o r  g raz ing  s c a r i d s .  

It is i n t e r e s t i n g  t o  compare t h e  exper imenta l  ana lyses  o f  

t e r r i t o r i a l  behaviour  i n  the medaka, O r y z t a s  Lattpes (Temminck & 

S c h l e g e l ) ,  a f reshwater  cyprinodont  f i s h  (Magnuson, 1962),  wi th  t h e  

observed f ield behaviour  o f  S. frenatus. Magnuson (1962)  found t h a t  

w i t h  excess food and space, 0. Latfpes showed no aggres s ive  

behaviour ,  a s  t h e  food supply  was decreased,  h i e r a r c h i c a l  systems 

were formed and when the food was s p a t i a l l y  r e s t r i c t e d ,  

t e r r i t o r i a l i t y  occurred.  The a d m t a g e s  o f  t e r r i t o r i a l i t y  i n  t h e  

b a t t e r  s i t u a t i o n  were decreased  a t  h igh  popu la t ion  d e n s i t i e s  as 

dominant i n d i v i d u a l s  were unable t o  defend t h e  food from a l l  

s u b o r d i n a t e s .  These obse rva t ions  were l i m i t e d  t o  i n t r a s p e c i f i c  

agg res s ion  b u t  show a s t r i k i n g  s i m i l a r i t y  t o  bo th  i n t r a -  and 

i n t e r s p e c i f i c  aggress ion  i n  S. frenatus. 



A t  One Tree Reef (Grea t  Barrier Reef ) ,  t h e  reef crest r e g i o n  

h a s  a h i g h e r  s t a n d i n g  c rop  and yield sf t u r f  a l g a e  than  t h e  lagoon 

or r e e f  s l o p e  sites (Hatcher ,  1981 and Hatcher  & Larkurn, 1983) .  A t  

Heron I s l a n d  ( G r e a t  Barrier Reef) ,  t h e  l a r g e s t  p ropor t ion  of  s c a r i d  

grazed substratum was recorded i n  the reef crest reg ion  ( m o a t  & 

Robertson, 1975) .  A t  Lizard I s l a n d ,  the area a v a i l a b l e  f o r  g r a z i n g  

by s e a r i d s  i n  the reef crest reg ion  o f  North R e e f  was limited by a 

p r e c i p i t o u s  r e e f  s l o p e  on t h e  seaward side and i n t e r s p e c i f i c a l l y  

t e r r i t o r i a l  A. Ztneatus on the landward side (Choat 6 Bellwood, i n  

press). If a l g a l  a v a i l a b i l i t y  at  Lizard  I s l a n d  was comparable t o  

o t h e r  G r e a t  B a r r i e r  R e e f  l o c a t i o n s ,  the r e e f  crest reg ion  a t  the  

No*h R e e f  s t u d y  s i t e  would have had a l o c a l i z e d ,  and t h e r e f o r e  

defendable ,  r i c h  a l g a l  food resource .  

The advantages o f  defendingi such a re source  would t h e o r e t i c a l l y  

be decreased a t  h igh  popula t ion  d e n s i t i e s  o f  S. frenatus and o t h e r  

' f r e n a t u s '  group s p e c i e s .  The d e n s i t y  o f  S. frenatus i n  the reef 

crest a r e a  of the North Reef s tudy  site was r e l a t i v e l y  h igh  wi th  3 . 2  

* 0.97 i n d i r i d u a l s  per 250 m2 ( * 95% C .I. ) ( T a b l e  5.9 ), compared t o  

2 0 . 4  p e r  250 m (Tab le  5 , 8  A )  i n  t h e  lagoon a t  Lizard I s l a n d ,  1 . 8  * 
1 . 7  p e r  250 rn2 i n  the reef c r e s t  r eg ion  o f  Heron I s l a n d  and 0 . 0  t o  

o .IP * 0 .6  per 250 m2 i n  o t h e r  Heron I s l a n d  l o c a t i o n s  ( m o a t  sr 

Robertson, 1975).  The d e n s i t i e s  of ' f r e n a t u s '  group s p e c i e s  a s  a 

whole i n  t h e  r e e f  crest reg ion  o f  t h e  North R e e f  s tudy  s i te a t  

L iza rd  I s l a n d  were approximately 6 . 8  p e r  250 mL (Table  5 . 9 )  compared 

t o  7 8 . 1  p e r  250 m2 i n  the reef crest r eg ion  o f  Heron I s l and  (Choat  & 

Robertson, 1975 ) . 



A t  L iza rd  I s l a n d  t h e r e f o r e ,  S. PPenatus appears  t o  comply wi th  

t h e  t h e o r e t i c a l  expec ta t ions  of t e r r i t o r i a l i t y  (d i scussed  i n  

Mapuson,  a962 ) , i n  t h a t  g e m a n e n t  t e r r i t o r i a l  behaviour  ( b o t h  

i n t r a -  and i n t e r s p e c i f i c a l l y )  was on ly  observed i n  a r e a s  ~ 5 t h  

s p a t i a l l y  restricted, and probably  r i c h ,  food r e sou rces .  The low 

popu la t ion  d e n s i t i e s  of p o t e n t i a l  compet i tors  (tee. ' f r e n a t u s '  group 

s p e c i e s )  i n  the North Reef  reef crest reg ion  a l s o  complies  with 

t h e o r e t i c a l  expeckat ions,  a l t hough  the d e n s i t i e s  o f  t h e s e  s p e c i e s  

may merely r e f l e c k  t h e  e f f i c i e n c y  of s c a r i d  exc lus ion  i n  t h i s  reg ion  

by t e r r i t o r i a l  3. frenatus and A. Ltneatus. The r e l a t i v e l y  h igh  

d e n s i t i e s  o f  t e r r i t o r i a l  S ,  frenatus i n  t h e  North R e e f  r e e f  c r e s t  

r eg ion  a t  L iza rd  I s l a n d  (approximate ly  twice t h a t  o f  Heron I s l a n d  

reef crests) a r e  less l i k e l y  t o  decrease  t h e  e f f i c i e n c y  o f  

t e r r i t o r i a l  defense  than  t h e  I l - f o l d  l a r g e r  d e n s i t y  o f  p o t e n t i a l l y  

competing ' f r e n a t u s '  group s p e c i e s  a t  Heron I s l a n d .  The h igh  

S .  fPenatus d e n s i t i e s  may even facilitate t e r r i t o r i a l  defense  by 

discouraging  s c a r i d s  from nearby areas and p rov id ing  neighbouring 

t e r r i t o r i a l  S. frenaeus with  a r e l a t i v e l y  sca r id - f r ee  boundary a r e a ,  

I n  the Caribbean, t h e  lack o f  t e r r i t o r i a l  behaviour  by 

S ,  tsertt i n  a r e a s  wi th  low popu la t ion  d e n s i t i e s  h a s  been d iscussed  

i n  t e r n s  o f  a response t o  popu la t ion  s i z e ,  wi th  l a r g e  popu la t ions  

be ing  conducive t o  t e r r i t o r i a l i t y  (Buckman & Ogden, 1973).  These 

d i f f e r e n c e s  may, however, be a r e s u l t  o f  food abundance and 

d i s t r i b u t i o n  r a t h e r  t han  popu la t ion  s i z e  per se. I n  t h e  p r e s e n t  

s tudy ,  t h e  l a c k  o f  t e r r i t o r i a l  behaviour  i n  S ,  frenatus observed i n  

t h e  lagoon and t h e  back r e e f  a r e a s  o f  North R e e f  i s  i n t e r p r e t e d  a s  a 

response t o  the l a c k  o f  l o c a l i z e d  r i c h  food r e sources .  A t  Heron 

I s l a n d ,  however, it may be due t o  t h e  h igh  s c a r i d  d e n s i t i e s  which 



appear t o  suppress rather than encourage t e r r i t o r i a l i t y  i n  

S .  f r ena tus .  

The observations i n  t h i s  study strongly suggest that year-round 

t e r r i t o r i a l  individuals of S, f renatus  are defending a food resource 

t h a t  is utilized by 'frenatus' group species t o  an extent greater 

than 'sordidus' group species or acanthurids, and that  th i s  resource 

i s  present or particularly abundant i n  the North Reef reef cres t  

region a t  Lizard Island, This food resource is likely t o  be 

epildthic turf algae. 

Although epi l i th ic  algae is seen as the major resource being 

defended PayV S. f r e n m u s  i n  the reef crest  region a t  North Reef 

(Lizard Island), several other factors may make th i s  region 

energetically profitable t o  defend, These include: 

a ) eoprophagy . 
I n  the reef slope/crest region a t  North Reef, large schools 

of caesionids a d  pomaeentrids were present (as  noted on other reefs 

by Goldman & TaUot, 1976 and W i l l i a m s  & Hatcher, 1983). The faeces 

of these fishes were readily eaten by S .  f renatus  and other Scarus 

species. The high nutritional. value of faeces from planlstivorous 

species men compared t o  the die t  of scarids has been demonstrated 

by Bailey and Robertson (1982). Faeces are ut i l ized as a food 

source by both 'frenatus' and 'sordidus' group species (Section 

5 . 3 ) .  However, only 'frenatus' group species are excluded by 

t e r r i t o r i a l  S .  f renatus  in  the reef crest  region. This suggests 

tha t  coprophagy is only a minor food resource for t e r r i t o r i a l  

S ,  f r ena tus .  



b ) Cover. 

The defense of grazing substrata adjacent t o  cover has been 

suggested by Cheat and Robertson (1995) t o  account for interspecif ic  

aggression by S .  ntger towards other herbivores (mainly scar ids) .  

In the present study, however, the presence of grazing substrata 

near t o  cover does not appear t o  be an important factor i n  

S. frenatus t e r r i t o r i a l i t y .  Cover seeking by adult t e r r i t o r i a l  

S. fPenatus was not observed during the day, and a t  night no adult 

sleeping s i t e s  were recorded i n  the reef crest  region (pers.  obs.; 

cf. Winn e t  a & . ,  1964, Ogden & Buekman, 1973 and Dubin & Baker, 

1982 ) , 

e) Food close t o  low t ide  feeding refuges. 

A t  North Reef, the reef cres t  and reef slope region were 

traversed by a ser ies  of deep gull ies.  These gullies and the upper 

part  of the reef slope region were included in  the t e r r i to r ies  of 

S. frenatus and were used as feeding areas, especially a t  low t fde  

when the reef cres t  and reef f l a t  were inaccessible. The possession 

of such feeding areas a t  low t ide  may be an additional benefit of 

t e r r i t o r i a l i t y  as other feeding areas available a t  low t ide  are 

ei ther  less  valuable i n  terms of algal yield and standing crop 

(Hatcher & Larkurn, 1983), or already suppo* large populations of 

herbivorous reef fishes which have been forced off the reef f l a t  by 

the low t ide  (Choat & Robertson, 1975 ) , 

d ) Ease of defense . 
A l l  S .  frenatus t e r r i to r ies  a t  North Reef were adjacent t o  

A .  Ztneatus t e r r i to r ies .  The exclusion of scarids from the 

t e r r i to r ies  of A .  Ztneatus (Robertson e t  aZ., 1979, Robertson & 

Polunin, 1981 and Choat & Bellwood, i n  press) may decrease the 



d e f e n s i v e  c o s t s  on one bo rde r  o f  the S. f r e n a t n s  t e r r i t o r i e s ,  t h u s  

i n c r e a s i n g  t h e  n e t  e n e r g e t i c  g a i n s  o f  t e r r i t o r i a l i t y  by  S. f r e n a t u s  

i n  t h i s  r eg ion .  

In a d d i t i o n  t o  t h e  above factors, permanent t e r r i t o r i a l i t y  may 

have  r ep roduc t ive  advantages d u r i n g  t h e  spawning season  by g iv ing  

the r e s i d e n t  i n d i v i d u a l s  a compe t i t i ve  advantage ove r  trespassers 

&en e s t a b l i s h i n g  temporary r ep roduc t ive  t e r r i t o r i e s .  

The obse rva t ions  i n  t h i s  s t u d y  s t r o n g l y  sugges t  t h a t  year-round 

t e r r i t o r i a l  i n d i v i d u a l s  o f  S ,  p e n a t u s  are defending  a l g a l  

r e s o u r c e s .  However, f u r t h e r  s t u d i e s  are requ i r ed  t o  e s t a b l i s h  i f  

algae is t h e  pr imary r e sou rce ,  and i f  so ,  t o  what e x t e n t  does  a l g a e  

m d  o t h e r  p a r m e t e r s  i n f l u e n c e  t e r r i t o r i a l  behaviour  i n  S. frena-bus. 

In p a r k i c u l a r ,  manipula t ive  experiments  are r e q u i r e d  t o  e l u c i d a t e  

the e f f e c t s  o f  s c a r i d  popu la t ion  d e n s i t i e s  and food ( 5 . e .  a l g a e )  

a v a i l a b i l i t y  upon t h @  territorial behaviour  of S . f renatus  . 
Hopeful ly,  t h e  obse rva t ions  i n  t h i s  s t u d y  w i l l  assist i n  des igning  

such exper iments ,  The o b s e r v a t i o n s  i n  t h i s  s tudy ,  however, adv i se  

c a u t i o n  i n  t h e  experimental  approach, i n  view o f  t h e  degree  of 

v a r i a b i l i t y  i n  S ,  fpenatus  behaviour  between sites ( c f .  Choat & 

Bellwood, i n  p r e s s  ) . 

Eco log ica l  Imp l i ca t ions :  A - For  s c a r i d s  

Within t h e  Scar inae ,  there a r e  two main morphological  s p e c i e s  

groups,  each with a d i s t i n c t  f eed ing  s t r a t e g y .  These groups a r e  

des igna ted  as t h e  ' b i t i n g ;  ' s o r d i d u s '  group and t h e  ' sc rap ing;  

' f r e n a t u s '  group. The s p e c i e s  i n  each group a r e  g iven  i n  Sec t ion  

1 . 3 . 4 .  The numerous d i f f e r e n c e s  between the two groups have 



hporkant ramifications i n  the biology of the species in  each group. 

some of the ecological implications of the morphology and feeding 

strategies of these groups are outlined below. 

Prom the results s f  t h i s  study, biting species, t . e ,  the 

'sordidus' poup species, C, b t c s ~ o ~  and B. murtcatum, appear to 

have a marked advantage over other herbivores, including other 

scarids, i n  that  they are able t o  u t i l i ze  a unique range of food 

resources. Biting scarids are able t o  u t i l i ze  ep i l i th ic  algae, i n  

common with other scarids, but because of the i r  strong deep bi tes ,  

they are also able t o  u t i l i z e  coralline algae and organisms living 

in  the tog few millimetres of the substratum. These organisms 

include bacteria ( D i  Salvo, 1969), fungi (Kohlmeyer, 1969) and algae 

(Golubie, 1969).  Biting species, especially E l ,  muricatum, are also 

capable of ut i l izing large pieces of living coral, although t h i s  

resource is shared with some tetraodontids (Glynn e t  aL., 1 9 7 2 ) .  

The abi l i ty  s f  bi t ing species t o  use these resources w i l l  

reduce potential competition with other scarids and herbivores, and 

may give 'biting' species a competitive advantage over 'scraping' 

species i n  areas of high scarid density or  during periods of a lgal  

shortage, Such competitive advantages resulting from variations i n  

the feeding ab i l i t i e s  of juvenile cichlids during times of shortage 

have been described by Fryer & Is les  (1972) and have been discussed 

by Schoener ( 1982 ) . 

Although 'biting'  species appear t o  have many advantages over 

' scraping' species, t h i s  feeding strategy also has i ts  

disadvantages. It is expensive in terms of the muscle and bones 

needed for b i te  strength and the energy needed t o  maintain and 



transpo* t h e s e  s $ m c t u r e s .  The advantages are a l s o  limited to 

a d u l t s .  J u v e n i l e s  are incapab le  o f  powerful deep bites and a r e  

func t iona l1y  s c r a p e r s  (Chapter  2). B i t i n g  s p e c i e s  t h e r e f o r e ,  

undergo a mod i f i ca t ion  o f  bo th  s t r u c t u r e  and behaviour  d u r i n g  

ontogeny (Chapters  2 and 6 )  and m a y ,  as a r e s u l t ,  have a relatively! 

i n e f f i c i e n t  i n t e rmed ia t e  fsm. There is a l s o  evidence t o  sugges t  

that t h e  r e sou rces  available t o  b i t i n g  species may be limited i n  

some a r e a s  o f  the reef, !The o v e r a l l  d e n s i t i e s  o f  ' b i t i n g '  s p e c i e s  

are typically less than  t h o s e  of "maping '  spec i e s ,  a l though each 

group predominates  i n  d i f f e r e n t  areas, with ' b i t i n g '  s p e c i e s  b e i n g  

p a r t i c u l a r l y  numerous i n  reef crest r eg ions  (Choat & Robertson,  

1975, Bruce, 1979, Buoehon-Mavaro & Hamelin-Vivien, 1981, Brock, 

1982, W i l l i a m s ,  1982 and Russ, 1984 a, b ) .  I n  t h e  p r e s e n t  s tudy ,  

S .  s o ~ d t d u s  was abundant i n  the lagoon as a juven i l e  ( i t  was the 

o n l y  B i t i n g  s p e c i e s  p r e s e n t )  b u t  no a d u l t s  were recorded (Chapter  6 ,  

p a r t  B). The absence o f  a d u l t  'biters' from t h e s e  a r e a s  may be 

c o r r e l a t e d  w i t h  t h e  a v a i l a b i l i t y  o f  s m a l l  convex a l g a l  covered 

s u r f a c e s  which is  t h e  predominant substratum t p  u t i l i z e d  by 

' b i t i n g  "species ( T a b l e  5 . 4  ) . Deta i l ed  ana lyses  o f  s c a r i d  

popula t ion  s t r u c t u r e s  and subs t ra tum complexi ty a r e  needed, 

The ' s c r a p i n g '  strategy as with t h e  ' b i t i n g '  s t r a t e g y  a l s o  h a s  

s e v e r a l  d i s t i n c t  advantages,  The f eed ing  appara tus  o f  ' s c r a p i n g '  

s p e c i e s  is r e l a t i v e l y  s m a l l  and weak and is, t h e r e f o r e ,  less 

expensive t o  main ta in  and t r a n s p o r t .  U t h e  same s t r a t e g y  i s  

u t i l i z e d  throughout  ontogeny (Chapter  6 ) ,  no marked morphological  or 

behavioura l  changes a r e  r e q u i r e d .  I n  a d d i t i o n ,  ' s c r a p i n g '  s p e c i e s  

feed  on a l l  t y p e s  of a l g a l  covered subs t ra tum (Sec t ion  5 . 3 ) .  T h i s  

a b i l i t y  may account  f o r  t h e  relative abundance o f  ' s c r a p i n g '  s p e c i e s  
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a decrease  its s u i t a b i l i t y  f o r  f u r t h e r  g raz ing  by  'bitersg, as a 

r e s u l t  o f  reduced algal cover  on convex s u r f a c e s  and dec reased  

convexi ty .  (The r o l e  o f  algal-covered convex s u r f a c e s  as a l i m i t i n g  

r e sou rce  f o r  a d u l t  ' b i t i n g '  s p e c i e s  is d i scussed  i n  Sec t ion  6 . 8 ) .  

In c o n t r a s t ,  t h e  impact o f  graz ing  by ' s c r a p i n g '  species appea r s  t o  

be l i m i t e d  and may, t h e r e f o r e  enhance t h e i r  ability t o  s u r v i v e  at 

r e l a t i v e l y  h igh  popu la t ion  d e n s i t i e s .  

Although t h e  ' s c r a p i n g '  s t r a t e g y  h a s  numerous advantages,  it 

h a s  one major problem, t h a t  is, p o t e n t i a l  compet i t ion .  'Scrapers' 

feed p r i m a r i l y  upon e p i f i t h i c  a l g a e .  However, th i s  r e sou rce  is also 

used by  ' so rd idus '  group s p e c i e s  and a range o f  non-scarid 

he rb ivo res ,  i nc lud ing  acan thu r ids ,  s i g a n i d s ,  b l e n n i e s  and some 

psmacentr ids  ( A l  Hussa in i ,  1947, Jones ,  1968, Emery, 1943, 

Westernhagen, 1973, Lundberg & Lipkin ,  1979, Lobel, 1980 and 

Robertson & Bolunin, 1981) .  Sand s c r a p i n g  scarids a r e  n o t  exempt 

from t h i s  problem as t h i s  food r e source  is also u t i l i z e d  by several 

a c m t h u r i d  s p e c i e s  (Russ,  1984 a )  and a range o f  i n v e r t e b r a t e s ,  

i n c l u d i n g  h o l o t h u r i a n s  ( Hammond, 1982 and Massin, 1982 ) . Reef 

a s s o c i a t e d  sand is abundant b u t  is l i k e l y  t o  be o f  l i m i t e d  

n u t r i t i o n a l  va lue  (Sourn ia ,  1976, B o r o e t z k a  et aL., 1983 and 

Larkum, 1983).  'Scraping '  s p e c i e s  are t h e r e f o r e ,  unable t o  u t i l i z e  

a unique food r e source  and, a s  such, are more l i k e l y  t o  be s u b j e c t e d  

t o  competi t ion f o r  food du r ing  t imes  o f  a l g a l  sho r t age  o r  a t  h i g h  

h e r b i v o r e  popula t ion  d e n s i t i e s  t han  ' b i t i n g '  species would be. 

It is  i n t e r e s t i n g  t o  note  that  examples o f  s t r o n g  i n t e r s p e c i f i c  

t e r r i t o r i a l i t y  ( e . g .  S. ntger [Ckoat & Robertson, 19751) and 

S .  frenatus [Sec t ion  5 .71)  and d i f f e r e n t i a l  h a b i t a t  u t i l i z a t i o n  



(e,g, S ,  b r e v t f t t t s ,  S o  f t m t p e e t o r a t t s ,  S, f r e n a t u s ,  S. n t g s r ,  

S .  av tceps  and S ,  schZeget t  [Russ, 1984 b ] )  are prominent i n  t h e  

"seaping' group. This may reflect t h e  i n f l u e n c e  o f  p o t e n t i a l  

i n t e r s p e c i f i e  compet i t ion  w i t h i n  the group and between t h i s  group 

and o t h e r  groups o r  families of' he rb ivo rous  reef f i s h e s .  The r o l e  

o f  d i f f e r e n t i a l  habitat u t i l i z a t i o n  i n  f a c i l i t a t i n g  t h e  coex i s t ence  

o f  s e v e r a l  c l o s e l y  r e l a t e d  and t h e r e f o r e ,  p o t e n t i a l l y  competing 

damsel f i shes  has been suggested by WaPdner and Robertson (1980)  and 

Robertson and L a s s i g  ( 1980 ) . 

Eco log ica l  Imp l i ca t ions :  B - For  the r e e f  ecosystem 

The d i f f e r e n c e s  between the two s c a r i d  feeding  strategies a r e  

impor tan t ,  n o t  on ly  i n  t h e  way i n  which t h e y  i n f l u e n c e  t h e  ecology 

o f  the scarids, b u t  a l s o  i n  the way t h e y  in f luence  the i n t e r a c k i o n s  

between scarids and t h e  reef ecosystem. 

S c a r i d s  form a l a r g e  propo*ion o f  the herb ivorous  reef f i sh  

community (Wil l iams,  1982 and RUSS, 1984 a,  b ) .  A s  g raz ing  

he rb ivo res  ( a s  de f ined  by H i a t t  & St ra sburg ,  1960),  t h e y  have been 

impl ica ted  i n  a wide range o f  e c o l o g i c a l  i n t e r a c t i o n s .  These 

i nc lude  t h e  mod i f i ca t ion  o f :  a l g a l  and seag ras s  s t a n d i n g  c r o p s  

(Stephenson f S e a r l e s ,  1960, Randal l ,  1961, 1965, Van den Hoek, 

1969, Adey & Vassar ,  1975, Day, 1977, Wanders, 1977, Van den Hoek, 

et.aZ., 1978, Hay, 1981, Hatcher ,  1982, Miller, 1982, Hatcher  & 

Larkum, 1983 and L i t t l e r ,  e t .aZ, ,  1983) ;  a l g a l  s p e c i e s  diversity 

(Day, 1977 and Hixon & Bros to f f ,  1981, 1983); n i t r o g e n  f i x a t i o n  

rates (Wilkinson s Sammarco, 1982 and Wilkinson e t  aL., 1983, 1984); 

t h e  d e n s i t y  of t he  mobile i n v e r t e b r a t e  ep i fauna  ( M i l l e r ,  1982);  

b e n t h i c  i n v e r t e b r a t e  d i s t r i b u t i o n s  (Bakus, 1964, 1967 and Vine, 



1974); topographic relief ( M i l l e r ,  1982 ); b i o e r o s i o n  (Risk f 

S m a r c o ,  1982) and tlae succes s  o f  r e c e n t l y  s e t t l e d  c o r a l s  and 

c o r a l l i n e  a lgae  (Bi rke land ,  1977, Wanders, 1977, Van den Hoek et 

a E . ,  1978, Brock, 1979 and S a m a r c o  & Car le ton ,  1981) .  

S t u d i e s  o f  t h e  eco log ica% impl i ca t ions  o f  scarids p e s  se have 

been p r i m a r i l y  r e s t r i c t e d  t o  two a reas :  a )  csral p r e d a t i o n  and b )  

b i o e r o s i o n .  Sca r id s  ha= been noted as c o r a l  p r e d a t o r s  ( B i a t t  h 

Stxasburg ,  1960, Bakus, 1964, Glynn e t  al..., 1972, Glynn, 1973, 

Randal l ,  1974 and F q d l ,  1979)  and, a s  such, have been impl ica ted  as 

impor tan t  f a c t o r s  inf luenc%ng c o r a l  d i s t r i b u t i o n s  (Motoda, 1941, BOX 

L Engel ,  1979 and Wellington, 1979) .  

The o n l y  s c a r i d  s p e c i e s  that f r e q u e n t l y  f e e d s  upon live c o r a l s  

is Botbometopon murtcatum (Randall & Bruce, 1983 and Sec t ion  5 . 3 ) .  

Desp i t e  t h i s ,  it h a s  r ece ived  l i t t l e  a t t e n t i o n  as a c o r a l  p r e d a t o r .  

A l a r g e  p ropor t ion  o f  t h e  d i e t  o f  t h i s  s p e c i e s  c o n s i s t s  o f  l i v e  

c o r a l s  m i c h  inc ludes  a wide range  of  c o r a l  s p e c i e s .  F ive  s p e c i e s  

w e  recorded by Bruce (1979) :  t h r e e  Acsopora species, one P o r t t e s  

species and one Lepeorta  species. I n  t h e  p r e s e n t  s tudy ,  a t  least 1 3  

c s r a l  s p e c i e s  were observed b e i n g  e a t e n  by  8, murtcatum (Table  5 . 6 ) .  

I n  bo th  s t u d i e s ,  t h e  dominant c o r a l  s p e c i e s  e a t e n  were Acropora 

species, and i n  t h e  p r e s e n t  s tudy ,  a l l  t h e  Aeropora species observed 

be ing  e a t e n  by B. murtcatum were o f  a r e l a t i v e l y  d e l i c a t e  form even 

on t h e  reef s l o p e  and reef crest o f  t h e  o u t e r  barrier reefs, where 

m o s t  c o l o n i e s  a r e  of a r o b u s t  foam. Feeding by B. muricatum o f t e n  

broke a l l  t h e  branches o f f  a rbo rescen t  s p e c i e s  and on several 

occas ions ,  dis lodged whole c o l o n i e s .  mese obse rva t ions  sugges t  

that  B. murtcatum may s i g n i f i c a n t l y  al ter t h e  s u r v i v a l  rates o f  some 



o f  t h e  more easily damaged s p e c i e s ,  o r  a t  l e a s t ,  change the i r  

morphology. 

The abundance o f  low, compact c o r a l  s p e c i e s  i n  t h e  upper reef 

s l o p e  and r e e f  crest r eg ions  o f  o u t e r  s h e l f  r e e f s  are o f t e n  

a s s o c i a t e d  w%th the harsh p h y s i c a l  c o n d i t i o n s  found i n  t h e s e  r e g i o n s  

(Done, P983), Bowever, the abundance o f  a d e l i c a t e  Acropora s p e c i e s  

( A .  LattsfeL5a; T, Bone p e r s .  c o r n . )  i n  the s u r f  zone o f  t h e  o u t e r  

reefs o f  t h e  G r e a t  Barrier Reef (Done, 1983) sugges t s  t h a t  f a c t o r s  

o t h e r  t han  p h y s i c a l  c o n d i t i o n s  may a l s o  be impor tan t  i n  r e g u l a t i n g  

t h e  d i s t r i b u t i o n  o f  c o r a l  s p e c i e s  and their v a r i o u s  morphological  

ty?&3es. 

as a l a r g e ,  c o r a l  p r e d a t o r ,  B. murtcatum may i n f l u e n c e  t h e  

d i s t r i b u t i o n  o r  morphology of c o r a l  species and the reby  modify t h e  

species or morphological composition o f  c o r a l s  w i t h i n  its main 

feeding  a r e a s .  The l o c a t i o n  o f  t h e s e  f e e d i n g  areas is, however, 

unc l ea r ,  a l though i n  t h i s  s tudy ,  B. muricatum was most o f t e n  

recorded as l a r g e  schoo l s  on t h e  upper reef s l o p e s ,  r e e f  crest and 

r e e f  f l a t s ,  w i t h  o c c a s i o n a l  small groups o r  i n d i v i d u a l s  around 

backreef  bommies. A t  Aldabra ( I n d i a n  Ocean),  B ,  mur-bcatum is 

repor t ed  t o  be abundant i n  the lagoon, i n  d ra inage  channels  and on 

reef f la t s  (Bruce, 1979 and Randal l  & Bruce, 1983) .  

The r e g u l a t i o n  o f  c o r a l  d i s t r i b u t i o n  by c o r a l  p r e d a t o r s  

i n c l u d i n g  s c a r i d s  has been desc r ibed  p r e v i o u s l y  (Glynn, 1976, Bak & 

Engel, 1979 and Well ington,  1982) .  S i m i l a r l y ,  changes i n  co lony  

morphology as a r e s u l t  o f  p reda t ion  by fishes (Randal l ,  R . H . ,  1967) ,  

e s p e c i a l l y  scarids ( F r y d l ,  1979) have been r e p o r t e d .  The importance 

o f  B ,  muricatum i n  t h e s e  r o l e s ,  however, h a s  no t  been cons idered  



p r e v i o u s l y .  

The s i g n i f i c a n c e  o f  8 .  mu~tca tum as a c o r a l  p r e d a t o r  can be 

assessed. Cora l  from sheltered areas no t  f requented  by  

B.  mu~tce tum,  t r a n s p l a n t e d  t o  more f r e q u e n t l y  grazed areas (e.g. the 

reef erest o f  o u t e r  b a r r i e r  r e e f s )  may, with s u i t a b l y  caged 

t r e a t m e n t s  t o  exclude I?. murteatum, g ive  an i n d i c a t i o n  o f  t h e  e x t e n t  

sf c o r a l  p reda t ion  by this  s p e c i e s .  

The second a r e a  i n  wfaich scarids have been noted as having  

e e o l o g i e a l  imp l i ca t ions  is i n  b ioe ros ion ,  and it is i n  t h i s  area 

that t h e  d i f f e r e n c e s  between s p e c i e s  p rev ious ly  inc luded  i n  a s i n g l e  

genus and g u i l d  are most appa ren t ,  

S ince  t h e  f i r s t  no t e  o f  b i o e r o s i o n  by s c a r i d s  by Darwin (1842, 

%845),  cons ide rab le  a t t e n t i o n  h a s  been pa id  t o  their  graz ing  and 

sediment producing activities. Records o f  s c a r i d  b ioe ros ion  based 

on obse rva t ions  and ana lyses  o f  i n t e s t i n a l  c o n t e n t s  are widespread, 

wi th  s t u d i e s  from the Red Sea  (Al Hussa in i ,  1945, 1947 and Gohar & 

fatif,  1959) ,  Indo-Pacif ic  (Cloud, 1959, H i a t t  s St ra sburg ,  1960, 

Bakus, 1964, 1967, Choat, 1969, Glynn et a .  1972, Glynn, 1973, 

Hobson, 1974 and Bruce, 1979)  and Caribbean (Randa l l  & Bishop, 

1967) .  Q u a n t i t a t i v e  ana lyses  o f  s c a r i d  b ioe ros ion  are, however, 

p r i m a r i l y  r e s t r i c t e d  t o  the Caribbean (Bardach, 1961, Gygi, 1969, 

1975, Ogden, 1977, S t ea rn  & S c o f f i n ,  1977, F ryd l  & S t e a r n ,  1978 and 

S c o f f i n  e t  aL., 1980).  

A t  p r e s e n t ,  t h e r e  a r e  no q u a n t i t a t i v e  estimates o f  s c a r i d  

b ioe ros ion  based on Indo-Pac i f ic  r e e f s .  (The sediment product ion  

estimates o f  Cloud [1959] do n o t  d i s t i n g u i s h  between reworked 



sediment and newly bioeroded sed imen t ) .  Bowever, from t h e  data 

c o l l e c t e d  i n  th i s  s tudy ,  estimates sf scarid b foe ras ion  can be made. 

The m u l t i p l i c a t i o n  o f  f eed ing  rates (b i t e s /min .  ), f eed ing  hour s  per 

y e a r ,  mean volume o f  substratum removed p e r  bite (by each species), 

s c a r i d  d e n s i t i e s  ( number/ha ) and subs t ra tum d e n s i t y  ( g/cm3 ) will 

g i v e  an @stdate o f  the rate s f  b i o e r o s i o n  by each s c a r i d  species 

per m2 per year. Es t imates  sf the rate of b i o e r o s i s n  by several 

s e a r i d  s p e c i e s  i n  the reef crest r eg ion  o f  North Reef ,  Lizard Island 

are given i n  T a b l e  5 .11  A, Table 5.12 A gives a list o f  e s t i m a t e d  

rates o f  b ioe ros ion  by s c a r i d s  a t  o t h e r  l o c a t i o n s .  

The method sf e s t i m a t i n g  scarid b i o e r o s i o n  given above is 

simple and d i r e c t ,  X t  avoids  e r r o r s  as a r e s u l t  o f  i n a c c u r a c i e s  or 

v a r i a b i l i t y  i n  the estimated tu rnove r  rate o f  i nges t ed  material 

(Gygi,  1975 ) which vary from once per day (Bardach, 1961 ) t o  15 

times per day (sgden ,  1977 ) . It a l s o  e l i m i n a t e s  the need for 

d e t a i l e d  sediment and i n t e s t i n a l  c o n t e n t  ana lyses  t o  estimate the 

p ropor t ion  o f  reworked sediment i n  t h e  i n t e s t i n e .  Analyses o f  these 

parameters  are bo th  t i m e  consuming and a source  o f  c o n s i d e r a b l e  

v a r i a b i l i t y  ( F r y d l  & Stea rn ,  1978 and S c o f f i n  et aE., 1980). 

Despi te  these advantages,  several s o u r c e s  o f  e r r o r  i n  the 

estimates of  scarid b ioe ros ion  remain. One o f  t h e s e  is the  

r e s t r i c t i o n  o f  the q u a n t i t a t i v e  obse rva t ions  t o  a s i n g l e  s t u d y  site 

(5.e. North R e e f ) .  FOE more a c c u r a t e  estimates, more e x t e n s i v e  

obse rva t ions  are necessary .  Although no marked v a r i a t i o n  i n  t h e  

d i u r n a l  feeding  rate was apparent ,  no r  was t h e r e  any ev idence  of 

s a t i a t i o n ,  t h e s e  a s p e c t s  r e q u i r e  f u r t h e r  o b s e r v a t i n s .  The e s t i m a t e d  

f e e d i n g  r a t e s  i n  t h i s  s t u d y  (Tab le  5 . 1 ) ,  however, d i f f e r e d  l i t t l e  



Table 5 . 1 1  A Estimated s c a r i d  b i o e r o s ~ o n  rates a t  North Reef,  L iza rd  I s l and  

Sp@cl@s Bite volume B i t e  ratet ~ e n s i t y "  Eros ion rates 
(cm3 ) *  ( b i t e s / m i n .  ) (No . / h e c t a r e )  (Kg/ha/yr.  )' 

S .  gtbbus  1 . 7  x 10-I 1 0 . 1  24.00 1 .47  X l o 4  

C.  b t c o Z o ~  9.6 x 7 . 3  16.00 4 .0  x 1 0  
2 

T o t a l  2 .00  x l o 4  

* - From Table 5.3.  
* - From tabhe  5 .3 ,  us ing  a mean v a l u e  f o r  S .  gtbbus b l t e  volumes 

and a l lowing f o r  t h e  10% scar rate i n  C ,  btcozor. 
t - From Table 5 .1 .  

2 tt - Based on f i v e  5 x 50 m t r a n s e c t s ,  a h e c t a r e  ( h a )  = 10,000 m . 
$ - Calcula tnons  based on a 10 hour  f eed ing  day and a subs t r a tum d e n s i t y  

3 o f  1 .63  g/cm (e s t ima ted  by water d isplacement ,  n = 8,  S.E.  = 0 . 0 7  g ) .  
It i s  p r o v i s i o n a l l y  assumed t h a t  t h e  m a t e r i a l  removed is 100% CaC03. 
$ $  - Two schools  o f  approx. 25 i n d i v i d u a l s  each s i g h t e d  s imul t aneous ly  on 
t h e  r e e f s  around Lizard I s l and ;  e s t ima ted  area of f r i n g ~ n g  r e e f  
around Lizard  I s l a n d  = 1 . 5  x lo6 m2 ( F I ~ .  5 . l ) r  a l l  R 880 mm S .L .  

Table  5 .11  B Scar id  abundances: a comparison between Caribbean and 
Indo-Pacif i c  r e e f s .  

Locat i on  Scar ids /ha  Reference 

Caribbean: 
Bermuda 
Barbados 
Bahamas 
Be l i ze  

Indo-Paci f ie : 
Heron I s l a n d  
Red Sea 
Hawaii 
Lizard  I s l a n d  

Gygi (1975)  
F r y d l  & Stea rn  (1978 ) 
Col ton & Alevizon (1981)  
Lewis & Wainwright (1985)  

Choat & Robertson ( 1975 ) 
Bouchon-Navaro & Harmelin-Vivien (1981)  
Brock (1982 ) 
Choat 6 Bellwood ( i n  p r e s s )  



T a b l e  5.12 A E s t i m a t e s  o f  b i o e r o s i o n  b y  s c a r i d s :  a comparison 
between t h e  Car ibbean  and t h e  G r e a t  B a r r i e r  R e e f .  

S p e c i e s  Rake L o c a t i o n  
w / m 2 / v  

Reference  

Barbados,  C a r i b b e a n  
Bermuda, C a r i b b e a n  
Barbados,  C a r i b b e a n  
Barbados,  C a r i b b e a n  
Bermuda, C a r i b b e a n  
Panama, C a r i b b e a n  
L i z a r d  I s l a n d ,  G . B . R .  
Heron I s l a n d ,  G.B.R. 

S c o f f i n  et at. ( 1980) 
Gygi ( 1969) 
S t e a r n  & S c o f f i n  (1977 ) 
F r y d l  & S t e a r n  (1978) 
Gygi ( 1975 ) 
Ogden (1977 ) 
p r e s e n t  s t u d y  
p r e s e n t  s t u d y  

4 - S p e c i e s  breakdown g i v e n  i n  T a b l e  5.11. The 0 v a l u e  was d e r i v e d  
from o b s e r v a t i o n s  a t  t h e  lagoon  s t u d y  s i t e ,  where no a d u l t  b i o e r o d ~ n g  
s p e c i e s  were r e c o r d e d  I n  t e n  5 x 50 m t r a n s e c t s .  

B - Based on t h e  abundances  s f  t h e  two b i o e r o d i n g  s p e c x e s  
S .  s o r d t d u s  and S .  gtbbus r e c o r d e d  b y  Choat  & R o b e r t s o n  (1975), 
u s i n g  t h e  estimated e r o s i o n  rates o f  t h e s e  s p e c i e s  i n  T a b l e  5.11 A. 

T a b l e  5.12 B Rates o f  b i o e r o s i o n :  a summary 

R a t e  L o c a t i o n  S o u r c e  o r  R e f e r e n c e  
~ g / m ~ / ~ r  

G r a z e r s  : 
P a r r o t f  a s h e s  0.034 - 0.49 
P a r r o t  f i s h @ s  2.00 - 8.74 
Dtadema r, 4.6 

9.0 
8.400 - 15.1 

EcRtmometra Q.008 - 0.257 
3.9 

E c h t n o s t r e p h u s  0.036 - 0.073 

Car ibbean  
G . B . R .  
Car ibbean  
Car ibbean  
Car ibbean  
Enewetak 
Car ibbean  
Enewetak 

T a b l e  5.12 A 
T a b l e  5.12 A 
Ogden ( 1977) 
S c o f f i n  et at. (1980) 
S t e a r n  & S c o f f i n  ( 1977) 
Russo ( 1980) 
Ogden (1977) 
Russo (1980) 

Borers : 
A l l  b o r e r s  2.31 Car ibbean  S t e a r n  6 S c o f f i n  (1977) 
A l l  b o r e r s  2.31 Car ibbean  S c o f f i n  et at. (1980) 
Sponges 20 .OO 3 Car ibbean  Neumann ( 1966 ) 
Sponges 0.190 - 3.29 Car ibbean  Moore & Shedd (1977) 
Sponges 0.250 - 0.30 Car ibbean  R u t z l e r  ( 1975) 
P o l y c h a e t e s  0.690 - 1.79 G . B . R .  Davies  & Hutch ings  (1983) 
T r t d a c n a  c r o c e o  0.16 G.B.R. Hamner & J o n e s  ( 1967) 

4 - These rates may be e x c e s s i v e  d u e  t o  u n i i s u a l l y  h i g h  DZadema 
p o p u l a t i o n s  (see Hay, 1984 a , b )  . 

r; - T h i s  r a t e  may be t o o  h i g h  a s  it is  based  on  i n i f i a l  e r o s i o n  
r a t e s  which a r e  h i g h e r  t h a n  y e a r l y  r a t e s  ( s e e  R t z l e r ,  1975). Y c - Est imated  u s i n g  r o c k  d e n s i t y  a s  1.63 g CaC03/cm , T a b l e  5.11 A .  



from t h e  exkensive q u a n t i t a t i v e  o b s e r v a t i o n s  o f  Bruce (1979) .  

S e v e r a l  f a c t o r s  may r e s u l t  i n  a n  overes t imate  o f  s c a r i d  

b ioe ros ion ,  i nc lud ing  seasona l  variability i n  f eed ing  rates and 

d i f f e r e n c e s  i n  t h e  s i z e  o f  i n d i v i d u a l s  analysed d u r i n g  f eed ing  

obse rva t ions  and t h o s e  recorded d u r i n g  popula t ion  surveys .  Seasonal  

v a r i & i l i t y  i n  the g raz ing  fates ( i n  b i t e s /min . )  o f  he rb ivo rous  

f i s h e s  a$ One Tree Reef ( s o u t h e r n  G r e a t  Barrier R e e f )  have h e n  

descr ibed  by Hatcher  ( 1981 ) . These r e s u l t s  a r e ,  however, 

ques t ionab le  as t h e y  are based on pooled  d a t a  from several families. 

'Pke s i z e  and species sf t h e  f i s h e s  s t u d i e d  were n o t  stated, and i n  

searids, a t  least, feeding  rates v a r y  markedly between sizes and 

species (Bruce,  1979, Batcher ,  1981, Tab le s  5 .1 ,  5.2 and Chapter  6 ) .  

I n  t h e  p r e s e n t  s tudy ,  a d u l t  f e e d i n g  rates were recorded  between 

October and February,  t h e  warmest p e r i o d  o f  t h e  yea r ,  t h u s ,  s easona l  

v a r i a t i o n  i n  f eed ing  rates were n o t  monitored. I n  t h i s  s tudy ,  

e s t i m a t e s  o f  bite s i z e s  and g raz ing  rates were based on relatively 

l a r g e  i n d i v i d u a l s  (S. s~rdidus approx ,  220 mm S.L. and S. gibbus 

250-440 m S .L . ;  Table 5 .3 )  and a n  overes t imat ion  o f  b i o e r o s i o n  

w i l l  t h e r e f o r e  r e s u l t  i f  t h e  p r o p o r t i o n  o f  small i n d i v i d u a l s  

recorded i n  &bundance surveys  is p a r t i c u l a r l y  l a r g e .  

There are a l s o  two f a c t o r s  which may r e s u l t  i n  unde res t ima te s  

o f  s c a r i d  b i o e r s s i o n  rates. F i r s t l y ,  the c a l c u l a t i o n s  were based on 

a 10 hour  f eed ing  day.  Th i s  a l l ows  f o r  s easona l  v a r i a t i o n s  i n  day 

l eng th  and lower feeding  rates a t  dawn and dusk (Dubin 6; Baker, 1982 

and p e r s . o b s .  ), al though it is probdbly  a s l i g h t  underes t imate  (Gygi 

[1975], for example, es t imated  an 11 .5  hour  feeding  d a y ) .  Secondly, 

o n l y  s c a r  producing  s p e c i e s  were cons idered .  Scraping  s p e c i e s  



(Tables 5 , 2 ,  5 , 3 )  may not remove a measurable volume of substratum, 

as  estimated by the techniques used i n  th i s  study, but even i f  they 

3 remove a fraction of a m per bi te ,  the large number of b i tes  by 

the numerous individuals of t h i s  group wil l  produce significant 

bioerosion. This is  thought t o  be the largest potential source of 

error  in the estimates of seaxid bioerosion i n  t h i s  study. Total 

scarid bioerosion rates are therefore, probably underestlimated, 

whf%s-k bioerosion rates of individual scarid species are probably 

s l ight ly  overestimated. It should be noted that  a l l  these potential 

sources of error apply equally t o  previous estimates. 

Despite the potential errors i n  the present estimates of scarid 

bioerosion on the Great Barrier Reef, these estimates may be more 

accurate than previous estimates of scarid bioerosion, both i n  the 

Caribbean and Indo-Pacific, as the major sources of error  ( e . g .  gut 

turnover ra tes)  and assumptions ( e . g .  the proportion of reworked 

sediment) made i n  previous estimates are avoided. The estimated 

rates are striking. !l%e m a x i m u m  value estimated a t  Heron Island is 

between 1 8  and 257 times greater than estimates of scarid bioerosion 

in  the Caribbean (Table 5 .12  A ) .  This difference i s  not unexpected, 

as there is only one major bioeroding scarid species i n  the 

Caribbean, S. vtr=t.de (Prydl & Stearn, 1978). The estimated rates of 

bioerosion by S. t se r f t  (Ogden, 1977; Table 5.12 A) are probably 

inaccurate due t o  an underestimate of the rate of sediment reworking 

i n  t h i s  species (Frydl and Stearn, 1978). Other species (e,g. 

S. guacamata) are capable of scarring the substratum, but do so only 

occasionally (Gygi, 1975 ) . In comparison, on the Great Barrier 

Reef, there are three major bioeroding species: S. sordtdus, 

S .  gtbbus and B. murtcatum, and a range of less  important species 



i nc lud ing  e. b t c o t o ~ ,  S .  bzeeke r t ,  S. japanens ts  and 

S .  ~ u b r o v t o t a c e u s  (Tab le  5.2). Xn a d d i t i o n ,  s c a r i d  abundances a r e  

o f t e n  h ighe r  i n  Pndo-Pacific r e g i o n s  ( T a b l e  5.11 B). Low abundances 

o f  s c a r i d s  i n  the Caribbean may be t h e  r e s u l t  o f  h igh  f i s h i n g  

p r e s s u r e  (Hay, 1984 a, b and Scoff  i n  e t  at. , 1980), b u t  estimates o f  

s e a r i d  b ioe roa ion  rates which allow for t h i s  ( S c o f f i n  e t  a&., 1988) 

are s t i l l  cons ide rab ly  lower t h a n  the es t ima ted  s c a r i d  b i o e r o s i o n  

sates i n  t h i s  s t u d y .  The magnitude and p o t e n t i a l  importance o f  the  

s c a r i d  b ioe ros ion  rates es t ima ted  i n  t h e  p r e s e n t  s tudy  ( 5 . e .  0-8.7 

~ g / t n ~ / y r )  are perhaps  best a p p r e c i a t e d  when compared w i t h  t h e  

e s t ima ted  mean c a l c i f i c a t i o n  rates s f  r e e f s ,  which vary from 0.5 t o  

1.8 ~ g  ~ a ~ ~ ~ / r a ' / y r  (Kinsey, 1983 ) . The maximum recorded  

c a l c i f i c a t i o n  rate o f  an  axes o f  a r e e f  is  12 ~ ~ / r n ' / ~ r  ( Smith, 

a983 ) . I n some areas t h e r e f o r e ,  s c a r i d s  may remove a volume o f  

carbonate  which is e q u i v a l e n t  t o  a subs t an t i a l .  p ropor t ion ,  i f  n o t  

a l l ,  sf t h e  c a l c i f i e d  material produced i n  that area. 

I n  the Caribbean,  s c a r i d s  are of o n l y  minor s i g n i f i c a n c e  i n  

terns o f  t o t a l  b i o e r o s i o n  (Hunter ,  1977, Ogden, 1977, S t e a r n  & 

S e o f f i n ,  1977, F r y d l  & Stea rn ,  1978, S c o f f i n  e t  a&. , 1980 and 

Wibkinson, 1983). The importance o f  s c a r i d  b ioe ros ion  i n  the 

Prido-Pacific, hawever, can on ly  be i n f e r r e d  by comparing it w i t h  

Caribbean non-scasid b ioe ros ion  r a t e s .  Despite t h i s ,  t h e r e  is some 

evidence t o  sugges t  that s e a r i d s  may p l a y  a more important r o l e  as 

b ioe rode r s  i n  t h e  Imdo-Pacific t h a n  i n  the Caribbean. I n  the 

Caribbean, the major b ioe r sd ing  group are t h e  graz ing  e c h i n o i d s ,  

e s p e c i a l l y  D t a d e m a  (Tab le  5.12 B ) .  A comparison o f  u rch in  d e n s i t i e s  

i n  t h e  Indo-Pacif ic ,  where D t a d e m a  is p r e s e n t  at  d e n s t i t i e s  of 

0.01 - 0.53 i n d i v i d u a l s  p e r  mL and Echtnos t rephus  and Echtnometra up  



2 to 6 .5  i n d i v i d u a l s  p r  m (Randa l l ,  R.H.,  1978, Randal l ,  R .B .  et 

a % . ,  1978, Birkeland et a t . ,  1976, Russo, 1980 and C.  BirkePand, 

p e r e . c o m )  and i n  the Caribbean,  where Dtadlema is p r e s e n t  a t  

d e n s i t i e s  o f  5-100 i n d i v i d u a l s  per mL (Ogden et at .  , 1973, Sammarco, 

%98Q, Lawrence 6 Samnarco, 1981 and Williams, A . R . ,  1981) s t r o n g l y  

sugges t  that u rch ins  p l a y  a ~ m c h  smaller r o l e  i n  t h e  Indo-Pacif ic  

t h a n  i n  the Caxibbean. However, the rates o f  @chinoid b ioe ros ion  i n  

the Caribbean may be  overes t imated ,  as unusual ly  l a r g e  s t and ing  

m o p s  o f  u rch ins  have been r e p o r t e d  i n  h e a v i l y  f i s h e d  areas by Hay 

(1984 a, b )  who suggested that:  many o f  t h e  s t u d i e s  o f  Caribbean 

u r c h i n s  have been based on reefs w i t h  abnormally h i g h  u rch in  

d e n s i t i e s .  

Q u a n t i t a t i v e  estimates o f  b i o e r o s i o n  by bor ing  organisms a r e  

p r i m a r i l y  r e s t r i c t e d  t o  the Caribbean (Wilkinson, 1983) .  O f  a l l  

b o r i n g  groups,  sponges a r e  g e n e r a l l y  regarded as the most impor tan t  

(Hein & U s k ,  1975, S c o f f i n  e t  a t . ,  1980, Highsmith, 1981 and 

Wilkinssn,  1983) ,  a l though the estimated y e a r l y  b i o e r o s i o n  r a t e s  o f  

sponges by  Neumann (1966) are i n a c c u r a t e  a s  t h e y  a r e  e x t r a p o l a t e d  

from r e l a t i v e l y - h i g h  i n i t i a l  e r o s i o n  rates (Rt l tz le r ,  1975) .  W i t h  

the except ion  o f  the estimates o f  Nemann (1966) ,  t o t a l  e r o s i o n  

rates o f  b o r i n g  organisms i n  the Caribbean a r e  approximately equa l  

t o  o r  less than  t h e  estimated s c a r i d  b ioe ros ion  rates i n  t h e  

Indo-Pacif ic .  These e s t i m a t e s  and t h e  low u rch in  d e n s i t i e s  i n  t h e  

Indo-Pac i f ic  s t r o n g l y  sugges t  that  s c a r i d s  are one o f  t h e  most 

impor tan t  b ioeroding  agen t s  i n  the Indo-Pacif ic .  



However, there are probably marked regional variations i n  the 

%om of bioerosion, ~ 5 t h  borers and grazers being dominant i n  

d%fferent areas. RUtzler (1975) reported considerable variation i n  

sponge populations between reefs and between zones on the same reef .  

Variability i n  the abundances of scarids have also been reported 

(Russ, 19a+ a, b ) .  On the Great Barrier Reef, scarids may b@ the 

major bioeroding agents i n  the reef crest ,  and possibly, upper reef 

slog@ regions of mid- and outer reefs, whereas on inshore reefs and 

in  other zones of the mid- and outer reefs erosion is primarily by 

other groups, probably borers. The reef cres t  regions are l ikely t o  

be the primary areas of scarid bioerosion as  these areas have a 

rela-tively high standing crop of bioeroding scarid species ( e . g . 
S .  sordtdus, S ,  gtbbus and 8 .  murtcatum), and of scarids and 

aeanthurids as  a mole (ehoat & Robertson, 1975, Bouchon-Nanro 6i 

Haxmelin-Vivien, 1981, Russ, 1984 a, b ) .  The presence of high 

Standing crops of boet:h scarids and acanthurids may be important as 

the grazing effects of these groups may decrease internal bioerosion 

rates (Risk & Sammarco, 1982 and Sammarco et at, m s . ) .  

Bioerosion is important, both as a form of sediment production 

and as a factor which modifies the topography of the reef.  The 

impact of 'scrapersq on the topography is l ikely t o  be minimal i n  

comparison t o  the 'bi t ing '  species, as 'scrapers' remove relat ively 

l i t t l e  material during pazing (Tables 5.2, 5.3, 5 .9  ) and feed on a 

e d e  range of algal covered microhabitat types ( Tables 5 .4 ,  5.7 ) , 

'Biting' species, however, remove relat ively large volumes of 

substratum with each b i te  (Tables 5.2,  5 .3 ,  5.7),  particularly from 

convex protruding surfaces (Tables 5.4, 5.7 ) . Grazing by these 

species is therefore l ikely t o  decrease the topographic rel ief  as a 



r e s u l t  o f  t h e  e r o s i o n  o f  convex s u r f a c e s .  The low topograph ic  

relief i n  areas o f  h igh  g raz ing  p r e s s u r e  a t  Enewetak A t o l l  h a s  M e n  

i n t e r p r e t e d  by  M i l l e r  (1982) as a r e s u l t  o f  s u r f a c e  b i o e r o s i o n  b y  

g r a z e r s .  This e f f e c k  may be expe r imen ta l ly  assessed u s i n g  a l g a l  

covered c o r a l  b locks  p laced  i n  areas wi th  known abundances of 

' b i t i n g '  and %sca,pi.nng1 s c a r i d  species, 

This c h a p t e r  h a s  demonstrated that t h e r e  is  a s t r o n g  

c o r r e l a t i o n  between t h e  f u n c t i o n a l  morphology and behav iou ra l  

ecology o f  searids. The t w o  morphoPogical and f u n c t i o n a l  groups 

( t h e  ' b i t i n g '  q s o r d i d u s '  group and ' s c r ap ing '  ' f r e n a t u s '  g roup)  

desc r ibed  i n  Chapter 1 have been shown t o  have markedly d i f f e r e n t  

f eed ing  s t r a t e g i e s  i n  t h e  f i e l d .  These d i f f e r e n c e s  i n f l u e n c e  bo th  

the ecology o f  t h e  s p e c i e s  i n  each w o u p  and t h e  impact of these 

species upon the reef, p a ~ i c u l a r l y  i n  their  robe as b i o e r o d e r s .  

1) Two d i s t i n c t  f eed ing  groups are descr ibed  w i t h i n  the genus 

Sca rus .  These groups correspond w i t h  the morphological groups  

desc r ibed  i n  Sec t ion  1 . 3  and a r e  c o n s i s t e n t  w i t h  the 

f u n c t i o n a l  i n t e r p r e t a t i o n s  i n  Sec t ion  1 . 4 .  ' B i t i n g  ' 

' s o r d i d u s l  group s p e c i e s  have  a f eed ing  s t r a t e g y  c h a r a c t e r i z e d  

by i n f r e q u e n t ,  l a r g e  bites which l eave  d i s t i n c t i v e  scars i n  

t h e  subs t ra tum.  These s p e c i e s  f r e q u e n t l y  feed  upon convex 

substrata, and i n t e r s p e c i f i c  aggress ion ,  i f  d i s p l a y e d ,  i s  

predominant ly d i r e c t e d  towards o t h e r  ' so rd idus '  group species. 

I n  c o n t r a s t ,  ' s c r ap ing*  ' f r e n a t u s '  group species have  a 



feeding strategy chuackerieed by numerous s m a l l  b i tes which 

produce no scars i n  the substratm, only a characteristic pai r  

of serapes marked by dislodged algae. These species feed upon 

a range of substrata, and interspecific aggression, if 

displayed, is  predominantly directed towards other 'frenatus' 

group species. 

2 )  Similar differences were noted between species described i n  

Chapter P as 'prsto-biters' (t.e. 6. btcokor and B. murtcaeum) 

and a species described as a 'proto-scraper' ( %  .e. 

H. Longteeps ) . %an@ former had a low feeding rake and 

invariably scarred the substratum whilst the l a t t e r  had a 

higher feeding rate and only rarely scarred the substratum. 

a )  I n  addition t o  feeding upon turf  algae, several other food 

sources were utilized by scarids, Live coral formed a large 

proportion sf  the die t  of only one species, B. murtcatum. It 

i s  therefore p r ~ p ~ s e d  tha t  B. murtcatum may play an important 

role as a coral predator. Coprophagy was recorded i n  nine 

species : S .  frenatus, S. gtbbus, S. gZobtceps, S. ntger, 

S. oatceps, S. pstttacus, S. rtvutatus, S. sordtdus and 

S .  sgtnus. Sand ingestion was recorded in  four species: 

S .  schZegeLt, S .  fkuvipectorubts, S. gstttacus and Scarus sp. 

(ef, LunuLa), 

4 )  The extent of s i t e  attachment varied greatly w i t h i n  and 

between species. Estimated home ranage/territory sizes Varied 

2 from 180 t o  10009 m , with observed durations of up t o  703 

days . 
5 )  Intraspecific aggression was observed in  most s i t e  attached 

species. Interspecific aggression, however, was primarily 



restricted t o  S ,  fsenatus and t o  a lesser  extent S .  so~d taus .  

This aggression was only obsezged in  species with t e r r i t o r i e s  

i n  the reef cresk region s f  North Reef. In both S. fre~eatus 

and S, sordidas, interspecific aggression was directed 

preferentially towards species i n  the same morphogical group 

as the aggressor. These individuals may be defending a fssd 

resource ( t , e .  turf  algae). Interspecific defense of shared 

te r r i to r ies  by S .  fpenatus was not shared equally by both 

eolour phases, Terminal phases (Tgs) attacked more often than 

i n i t i a l  ghases ( Ip s ) .  Aggression by TPs was directed 

primarily towards other TPs whilst IP aggression was almost 

exelusively directed towards other IPS. 

6 )  The ecolsgieaf implications of the differences between the two 

morpko%sgical/feeding groups affect  both the scarid and t h e i r  

impact upon the reef as bioeroding agents. 

a )  The 'bi t ingq species are able t o  u t i l i ze  a unique food 

resource, ( -6 .e .  endolithic growth) but thei r  feeding act iv i ty  

may decrease the abundance of the principal substratum form 

ugon which they feed (5 .e .  convex surfaces). I n  comparison, 

the 'scraping' species are unable t o  u t i l i z e  any unique food 

resource but they are able t o  u t i l i z e  a wide range of 

substratum types without markedly al tering thei r  form a s  a 

result of the i r  feeding act iv i t ies .  

b )  Bioerosisn was restricted primarily t o  'sordidus' group 

species, C ,  btcotor and B. murtcatum, with estimated t o t a l  

scarid erosion rates of 2.00 kg/m2/yr a t  the North Reef study 

s i t e ,  Lizard Island and from 0 t o  8.74 kg/m2/pr a t  other Great 

Barrier Reef locali t ies .  The maximum rates are considerably 



higher than estimates of searid biserosion i n  the Caribbean 

and are esmparable to estimakes sf bioerosion by other major 

bioeroding groups. 



CHAPTER SIX 

THE BEBAV1:OURA.L ECOWGY OF JUVENILE SCARIDS 

I n t r o d u c t i o n  

A l l  Scarus  s p e c i e s  undergo major morphological changes d u r i n g  

sntogeny.  These morphological changes are p r i m a r i l y  i n  t h e  form of 

t h e  f eed ing  appa ra tus  and a s soc i a t ed  s t r u c t u r e s .  The morphological  

ana lyses  of  j u v e n i l e  s c a r i d s  i n  Chapter 2 have revealed a h i g h  

degree  o f  morphological and f u n c t i o n a l  similarity between j u v e n i l e  

Scarus  s p e c i e s .  The degree  of  s i m i l a r i t y ,  however, decreases  d u r i n g  

ontogeny, with a d ivergence  o f  s p e c i e s  be longing  t o  t h e  two a d u l t  

f u n c t i o n a l  groups (Chapter  1) occur r ing  d u r i n g  t h e  la t ter  s t a g e s  o f  

t h e  juven i l e  phase.  

I n  th i s  chap te r ,  t h e  feeding  b io logy  o f  j uven i l e  s c a r i d s  w i l l  

be considered i n  d e t a i l  (Park A ) .  Notes on t h e  ecology o f  the 

j u v e n i l e s  o f  several Scarus s p e c i e s  a r e  a l s o  included ( P a r t  B and 

Appendix 2 ) . 

P a r t  A Feeding Biology 

6 .% In t roduc t ion  

There a r e  f e w  publ i shed  accounts  o f  t h e  feeding  b io logy  of 

juven i l e  s c a r i d s ,  The m a j o r i t y  of  f eed ing  s t u d i e s  a r e  r e s t r i c t e d  t o  

a d u l t s .  Robertson e t  ab. (1976) demonstrated t h e  d i s r u p t i v e  effects 

o f  damself ish t e r r i t o r i a l i t y  upon the feeding  rates o f  j u v e n i l e  

s. tser%i, and recorded t h e  f eed ing  rates o f  s o l i t a r y ,  school ing  and 

t e r r i t o r i a l  i n d i v i d u a l s .  Hatcher (1981)  recorded t h e  feeding  rates 

o f  j uven i l e  (<lo cm) s c a r i d s  and r epor t ed  t h a t  t h e s e  d i f f e r e d  l i t t l e  
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from t h e  f eed ing  r a t e s  o f  l a r g e r  specimens. The f e e d i n g  r a t e s ,  

however, were pooled from several species. I n  o t h e r  s t u d i e s ,  

obse rva t ions  on juven i l e  and a d u l t  scarids have been pooled (e,g. 

Ogden & Buckman, 1973 and Ogden, 1977 ),  

I n  Chapter  2, f i v e  morphological  s t a g e s  were desc r ibed  dur ing  

t h e  ontogeny o f  s c a r i d s .  Func t iona l  i n t e r p r e t a t i . o n s  o f  t h e  

msrphslocgical f e a t u r e s  of  each stage ind ica t ed  p o t e n t i a l  d i f f e r e n c e s  

i n  t h e  d i e t  and f eed ing  s t r a t e g y  a s soc i a t ed  with each s t a g e .  The  

c h a r a c t e r i s t i c  f e a t u r e s  o f  each s t a g e  a r e  ou t l i ned  i n  Table 6 . 1 .  

S t ages  1-4 r ep re sen t  t h e  j u v e n i l e  phase,  whilst s t a g e  5 r e p r e s e n t s  

t h e  a d u l t  phase which is discussed i n  Chapters  1 and 5 ,  

I n  t h i s  s e c t i o n ,  t h e  d i e t a r y  and behavioura l  changes i n f e r r e d  

by t h e  f u n c t i o n a l  i n t e r p r e t a t i o n s  i n  Chapter 2 w i l l  be assessed  

us ing  f i e l d  obse rva t ions  o f  f e e d i n g  behavtour and a n a l y s i s  of 

i n t e s t i n a l  c o n t e n t s .  

6.2 Materials and methods 

Q u a n t i t a t i v e  observa t ions  on the feeding behaviour  o f  j uven i l e  

s c a r i d s  were made a t  t h e  North R e e f  and lagoon s t u d y  sites a t  Lizard  

I s l a n d  ( F i g  5 . 1 )  between J a n U a q  1982 and December 1983. During 10 

minute obse rva t ion  pe r iods ,  a r eco rd  was made o f  t h e  number of  bites 

p e r  minute,  t h e  number of  bites p e r  fo ray  ( a  f o r a y  is def ined  i n  

Sec t ion  5 . 2  ), t h e  food i tem inges t ed  ( i f  v i s i b l e  ) and t h e  mode o f  

feeding .  Addi t iona l  q u a l i t a t i v e  obse rva t ions  of  f eed ing  behaviour  

w e r e  made a t  t h e s e  s i t e s  and at  s e v e r a l  o t h e r  l o c a t i o n s  around 

Lizard  I s l a n d .  A l l  f e ed ing  obse rva t ions  were made between 10:OO 

a . m .  and 4:00 p.m.,  a t  h igh  o r  mid-tide, us ing  S.C.U.B.A. wi th  



Table 6 . 1  Functional interpretations of the morphology of juvenile scarids. 

stage S O L .  i n  mm Primary morphological features Implied diet  and feeding strategy 

1 9 - 10 Large eye, canniform teeth, simple Carnivorous phase: highly nutritive d ie t ,  mobile 
intestine fnvertebrates - micro-crustacea ? 

2 10 - 22 Large eye, even cutting edge on Intermediate, carnivorous/browsing phase: moderately 
jaws, simple intestine nutritive diet ,  selected algae or occasional 

micro-crustacea ? 

3 20 - 50 Even cutting edge on jaws, 
sacculated intestine 

Grazing phase I: diet  low nutritive value & high inorganic 
content, both species functional 'scrapers' 

4 50 - 98 S .  sordtdus develops features Grazing phase 2 :  divergence. Both species ingesting 
for 'bit ing'  quantities of algae and carbonate, S. sordtdus may bi te  

sl ightly deeper than S ,  frenatus 

5 above 90 S .  sordtdus = sb i t e r "  
S .  frenatus = 'scraper' 

Grazing phase 3 !  ' b i te rsq  and 'scrapers'.  Both species 
ingest algae and carbonate particles - t h @  adult d ie t .  
S. sordtdus has a 'biting' strategy and S .  frenatus a 
@scraping8 strategy 



n o t e s  recorded on PVC s h e e t s .  

The s i z e  o f  i n d i v i d u a l  f i s h e s  was es t ima ted  by hold ing  a p e n c i l  

c l o s e  t o  t h e  f i s h ,  marking o f f  t h e  l eng th ,  t hen  drawing a l i n e  of 

t h e  same l eng th  on underwater pape r ,  The l eng ths  o f  t h e s e  l i n e s  

were then  measured i n  t h e  l a b o r a t o r y .  I n  o r d e r  to check t h e  

accuracy of  t h e  technique ,  t h e  l e n g t h s  o f  31' i n d i v i d u a l s  were 

es t imated  and t h e n  t h e  i n d i v i d u a l s  were caught and measured. The 

average degree s f  e r r o r  w a s  5 .9  % o f  t h e  T .L .  wi th  a maximum error 

of 1 2 . 5  %. 

Analyses o f  i n t e s t i n a l  c o n t e n t s  w e r e  based on m a t e r i a l  from two 

sou rces .  P a r t  o f  t h e  m a t e r i a l  (donated by D r .  P .  Doherty)  was 

c o l l e c t e d  from a r t i f i c i a l  s e t t l emen t  s u b s t r a t a  (dead PociZZopora 

co lon ie s  i n  conc re t e  s t a n d s )  p laced  on r e e f s  o f f  Townsvil le .  These 

specimens were f i x e d  i n  10% seawater formalin s h o r t l y  after 

c o l l e c t i o n .  The remainder of  t h e  m a t e r i a l  was c o l l e c t e d  around 

Lizard I s l a n d .  These specimens were e i t h e r  f i xed  i n  formal in  

immediately upon c a p t u r e  o r  k i l l e d  t h e n  f i x e d  wi th in  an h o u r .  

Material was s t o r e d  i n  70% e t h a n o l ,  

The fo l lowing  material w a s  examined: 

s ,  s p  
S . ghobbm 
S. psittacus 
S. ~ubrouioZaceus 
S . sordidus 
S. s p  (ef. ZunuZa) 
S . spinus 
S. gZobiceps/~ivnZatus 
S. psittacus/schZegeZi 
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Specimens w e r e  d i s s e c t e d  and t h e  i n t e s t i n e  removed. The 

i n t e s t i n a l  con ten t s  w e r e  t hen  e x t r a c t e d  f o r  microscopic examination. 

Food i t e m s  w e r e  i d e n t i f i e d  and grouped i n t o  major taxa. Within 

these t axa ,  i n d i v i d u a l s  were grouped according t o  size and counted.  

Ino rgan ic  p a r k i c u l a t e  matter and a l g a e  were v i s u a l l y  es t imated  a s  a 

% of  t h e  t o t a l  volume of  t h e  i n t e s t i n a l  con ten t s .  
. .. 

Seve ra l  methods of  measuring t h e  d i e t  o f  f i s h e s  have been 

reviewed by Xynes ( 1950) and P i l l a y  ( 1953 ), and more r e c e n t l y  by  

Hgslop ( 1980 ) . Recent s t u d i e s  ( e . g. Lassuy, 1984) have u t i l i z e d  a 

'comparative feeding  index '  fo l lowing  Chr is tensen  (1978) .  The 

comparative feeding  index  (CFI) is a product  o f  several measures o f  

t h e  d i e t a r y  importance o f  a food i tem, each having  a p a r t i c u l a r  

b i a s .  The CFI is  a compromise and, a l though it enab le s  d i r e c t  

comparisons t o  be made o f  a s i n g l e  measure of t h e  d i e t a r y  importance 

o f  a food i tem, it reduces t h e  amount o f  information a v a i l a b l e  on 

the n a t u r e  of  a food i t e m  i n  the d i e t .  I n  th i s  s tudy ,  t h e r e f o r e ,  

food items i n  t h e  d i e t  were q u a n t i f i e d  i n  two ways: a )  a s  a 

percentage  occurrence and b )  a s  a mean number o f  i n d i v i d u a l s  o r  mean 

e s t ima ted  percentage  of  t o t a l  volume o f  t h e  g u t  c o n t e n t s ,  wi th  95% 

confidence limits, The first measure ove res t ima te s  the r e l a t i v e  

importance of i tems  which a r e  r e g u l a r l y  ea t en  b u t  form o n l y  a s m a l l  

p ropor t ion  of t h e  d i e t .  This measure i n d i c a t e s  t h e  frequency wi th  

which an i tem is included i n  t h e  d i e t .  The second measure e s t i m a t e s  

t h e  relative abundance o f  a food i tem i n  t h e  d i e t  b u t  no t  the 

frequency o f  occurrence,  a l though t h e  95% confidence limits i n d i c a t e  

the v a r i a b i l i t y  i n  t h e  r e l a t i v e  abundance. 



6 . 3  Resu l t s  

A .  Feeding R a t e s  

The feeding  rates o f  several size ranges  o f  S. so rd tdus ,  

S .  fpenafus and S ,  psZ t t acus  are given i n  Table 6 . 2 ,  and a r e  

expressed g r a p h i c a l l y  i n  F i g .  6 . 1  A.  Marked changes i n  t h e  f eed ing  

rates a r e  apparent .  Between 10 arid 20 mm S.L., a l l  t h r e e  s p e c i e s  

have s i m i l a r  feeding  rates, Between 20 and 120 mm S . L . ,  t h e  f eed ing  

r a t e s  a r e  relatively c o n s i s t e n t  w i t h i n  each s p e c i e s  i r r e s p e c t i v e  o f  

s i z e ,  wi th  S. sordZdus having  a s i g n i f i c a n t l y  h i g h e r  feeding  r a t e  

t h a n  S . f r e n a t u s  ( 4 ~ 4 . 8 8 1 ,  p < 0.001, T a b l e  6 .3B ) . ( This t e s t  i s  

based on pooled d a t a ,  as markedly uneven sample s i z e s ,  T a b l e  6 . 2 ,  

precluded more d e t a i l e d  ana lyses .  The comparison is  t h e r e f o r e  

t e n t a t i v e ,  although t h e  d i f f e r e n c e s  i nd ica t ed  are r e l a t i v e l y  c l e a r l y  

demonstrated i n  t h e  g ~ a p h e d  d a t a  En F igure  6 . 1  A ) .  S, p s t t t a c u s  h a s  

a feeding  r a t e  h i g h e r  khan t h a t  o f  S. so rd fdus ,  a t  l e a s t  u n t i l  80 mm 

S.L. I n  add i t i on ,  no s i g n i f i c a n t  d i f f e r e n c e s  between t h e  f eed ing  

rates o f  S. f r e n a t u s  i n  %he lagoon and a t  North Reef were recorded 

(Nor th  Reef; n = 36, x=: 142.2 b i t e s / l 0  min . ,  s = 42.7: Lagoon; 

n = 12, X= 1 3 7 . 1  b i t e s /min . ,  s = 36,2:  t = 0 , 3 7 1 6 ,  4 6 d f . ,  

p > 0 . 5 ) .  From q u a l i t a t i v e ,  and l i m i t e d  q u a n t i t a t i v e ,  obse rva t ions  

the feeding  r a t e s  of  j u v e n i l e  s c a r i d s  i n  t h e  20-120 mm S.L. range  

can  be roughly d iv ided  i n t o  t h r e e  groups, t h e s e  a r e  summarized i n  

T a l e  6 . 4 .  

B. Feeding p e r i o d i c i t y  

Size-related d i f f e r e n c e s  i n  t h e  mean f o r a y  s i z e  of  S .  so rd tdus ,  

S .  f r e n a t u s  and S. p s i t t a e u s  a r e  given i n  Table 6 .5  and expressed 

g r a p h i c a l l y  i n  F i g .  6 . 1  B, I n  a l l  three spec i e s ,  t h e r e  is a 



Figure 6,P A 

The mean feeding  rates of three Scarus species 

bemeen 20 and 128 mm T.L. in Bites /10  minutes,  

The mean foray  size of three  Scarus species 

between 20 and 120 mm T.L,  i n  b i t e s / f o r a y .  

The number sf ind iv idua l s  i n  each siz@ group is given i n  Table 6 . 2 ,  



20 40 60 80 9 00 120 200 + 
ESTIMATED TOTAL LENGTH IN MM 



Table 6.2 Size- re la ted  d i f f e r e n c e s  i n  t h e  feed ing  rates o f  t h r e e  j u v e n i l e  Scarus  species between 20 and 120 mm T . L .  

S .  s o r d t d u s  S .  f r e n a t u s  S .  p s t t t a c u s  

S i z e  range No. N o .  mean b i t e s  95% C.I. No. No, mean b i t e s  95% C . I .  N o .  N o .  mean b i t e s  958 C.1 
T.L. (m)  Obs. Ind .  p e r  PO min 0 b s .  Ind.  per 10 min Obs . Ind.  p e r  1 0  min 

Each observa t ion  periodl = approx. PO mint S .  s o r d t d u s  (10.32 * 0.490 rnin); S. f r e n a t u s  (11 .16  * 1.018 rnin); 

S .  p s t t t a c u s  (80.32 * 0.735 min) .  

t - Adult d a t a  from T a b l e  5 . 1 .  



T a b l e  6.3 A Changes i n  t h e  bite rate and f o r a y  size of S .  s s rd tdus  
Between 10 and 19.9 m T.L.  

T . b . r a n g @  N o .  N o .  Bites / 10 min. B i t e s / f  o r a y  

(m) Qbs. I n d .  mean * 95% C . I .  mean * 95% C.  I .  
10 - 10.9 10 3 22.2 * 8.9 1 . 0 1  * 0.032 

Each o b s e r v a t i o n  p e r i o d  was 3 5 m i n u t e s .  

T a b l e  6.3 B Tke f e e d i n g  rates of S .  sordtdus and S .  frenatus  
between 20  and 120 nrm T.L. 

S p e c i e s  N o .  Qbs. m e a n  bites/lO min d 95% C . I .  L 

S ,  sord tdus  45 196.6 79.74 23.94 

S .  f r ena tus  5 4  135.4 42.22 11 .52  

T a b l e  6 . 3  C The mean number of bites per f o r a y  of S ,  sord tdus  and 
S .  f renatus  between 20 and 120 mm T.L.  

S p e c i e s  No. Obs . x bites/foray (T 95% C . I .  

S .  f r ena tus  54 1.53 0 -22 0.059 



T a b l e  6 . 4  Qua l i ta t ive  observations o f  t h e  feeding r a t e s  of 
juven i l e  s car ids  Between 40 and 110 m T . L .  

1) Rapid feeders @ 250-300 bi tes / lO min 

ghs&ban $ 

g t o b t e e p s  $ * 
n d g e r  $ 

p s d * t a c u s  $ 

r t v u % a t u s  $ 

sch LegeEt O * 
s p i n u s  t: 
s p .  (ep. t u n u t a )  $ 

2 )  Moderately rapid-rapid feeders @ 200-250 bi tes / lO min 

S. D L e e k e ~ t  t * 
S .  b r e v d f i t t s  $ 
S ,  d t m t d t a t u s  $ * 
S ,  gdbbus j= 
S ,  s v i e e p s  $ * 
S ,  s o r d i d u s  j- 

3 ) Slow feeding s p e c i e s  

S .  f r e n a t u s  $ 

@ 100-200 bi tes / lO min 

* = Few observations.  
$ = 'Frenatus' group s p e c i e s .  
p = 'Sordidus' group species. 



Table 6 . 5  Size-related differenses i n  the mean foray size ( i n  bites/foray) of three juvenile Scarus 
species between 20 and 120 nun T,E. 

S. frenatus 

- -- 

S. pstttacus 

Size  range Mean foray 95% c .1 .  Mean foray 95% C . I .  Mean foray 95% C.I. 
T.L. (m) size size size 

Number of observations and individuals per ~ g @ c f e ~  per'size group as i n  Table 6 . 2 .  

t - adult  data from section 5 . 3 ,  
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gradual  i n c r e a s e  i n  t h e  mean number o f  bites p e r  f o r a y  i n  

p rog res s ive ly  l a r g e r  size groups. Th i s  t r e n d  is a l s o  p r e s e n t  i n  

S .  sord tdus  specimens b e t w e n  10  and 20 mm T.L. (Table  6 .3  A ) .  

There is a s i g n i f i c a n t  d i f f e r e n c e  between 20-120 mm T.L.  

S. so rd tdus  and S ,  f r e n a t u s  i n  t h e  number o f  bites i n  each f o r a y  

group ( % . e ,  groups w i t h  1 , 2 , 3  bi tes e t e s  X 2  = 1413.2,  d f .  = 9, p < 

O.001),  wi th  5 ,  sorcltdus having a s i g n i f i c a n t l y  l a r g e r  mean number 

of b i t e s  p e r  f o r a y  t h a n  S. f ~ e n a t u s  ( t  = 6.21,  d f .  = 7,  p < 0.001;  

Table 6 . 3  C )  . The d i f f e r e n c e s  i nd ica t ed  are c l e a r l y  demonstrated i n  

the graphed d a t a  i n  F i g u r e  6 . 1  B.  The mean number o f  bites per 

f o r a y  o f  20-80 mm T.L .  S , p % t t t a c u s  appears  t o  be h igher  t han  t h o s e  

of S ,  sord tdus  and S ,  f r e n a t u s  at  a similar s i z e  (Table 6 . 5 ,  F i g .  

6 . 1  8). Overa l l  f o r a y s  appear  t o  be l a r g e s t  i n  S. p s t t t a c u s ,  medium 

i n  S ,  s s ~ d t d u s  and lowest  i n  S. f r e n a t u s .  There was no s i g n i f i c a n t  

d i f f e r e n c e  between S .  f r e n a f u s  at  North Reef and i n  t h e  lagoon i n  

the mean number o f  bi tes p e r  fo ray  (North Reef; n = 39, x== 1.523, 

s - 0 . 2 0 2 :  L a g o o n n = 1 4 ,  1 ~ 1 . 4 8 1 ,  s = 0 . 3 0 5 :  t r 0 . 5 7 5 4 ,  5 1 d f , ,  

p > 0 . 0 5 ) .  

C .  Feeding behaviour  

The fo l lowing  q u a l i t a t i v e  obse rva t ions  o f  s c a r i d  f e e d i n g  

behaviour  are based on approximately 250 hour s  of obse rva t ions  on 

ove r  90 i n d i v i d u a l s .  I n  a l l  s p e c i e s ,  t h e  f eed ing  behaviour changed 

markedly throughout  ontogeny. These changes occurred g radua l ly  b u t  

can be dirLded i n t o  five major phases .  Each phase w i l l  be o u t l i n e d  

below: 



376 

Phase 1: 9 - 10 mm T .L .  (7 .5-8.1 mm S . L . )  

I n  t h i s  phase,  a l l  Scarus s p e c i e s  were v i r t u a l l y  i d e n t i c a l  i n  

both  appearance and behaviour .  They were p r i m a r i l y  t r a n s l u c e n t  Mth 

f a i n t  p a l e  d o t s  and/or dark  dashes .  The main d i f f e r e n c e  between 

s p e c i e s  was t h e i r  l o c a t i o n  on t h e  r e e f .  A t  t h i s  s i z e ,  r e c e n t l y  

r e c r u i t e d  i n d i v i d u a l s  t y p i c a l l y  l a i d  i n  o r  amongst t h e  t u r f  a l g a e  

which grew over  t h e  c o r a l  rubble substratum, al though some specimens 

w e r e  a l s o  observed t o  l i e  on the f ronds  of  macroalgae ( e . g .  

7t t rbdne~Za o rnafa ) .  I n  t h i s  p o s i t i o n ,  t h e s e  i n d i v i d u a l s  snapped a t  

s m a l l  o b j e c t s  i n  t h e  t u r f  o r  on t h e  a l g a e ,  a l though t h e  feeding  r a t e  

w a s  low, They o c c a s i o n a l l y  'hopped' a few m i l l i m e t r e s  p rope l l ed  by 

t h e i r  p e c t o r a l  f i n s .  Movement o f  more than  a few c e n t i m e t r e s  was 

rare (2-8% o f  the t o t a l  time observed; n=2, 40 min. ) .  When 

swimming, t h e  caudal  f i n  was c u r l e d  round g i v i n g  t h e  body a 

c h a r a c t e r i s t i c  'ct shape,  I n  t h i s  phase,  most i n d i v i d u a l s  w e r e  

s o l i t a r y  and s i te  a t t ached ,  a l though l a r g e r  i n d i v i d u a l s  o c c a s i o n a l l y  

joined s m a l l  groups of  s m a l l  scarids which passed through t h e  

i n d i v i d u a l ' s  home r ange ,  

Phase 2: 1 0 . 1  - 1 2  m m T , L .  (8.2-9.5 m S . L . )  

I n  t h i s  phase,  s m a l l  s e a r i d s  began t o  d i s p l a y  more pigmentat ion 

which was o f t e n  s p e c i e s  s p e c i f i c .  They remained c l o s e  t o  t h e  

substratum, o c c a s i o n a l l y  l y i n g  on t h e  t u r f  a lgae ,  e s p e c i a l l y  dur ing  

s t r o n g  wave a c t i o n .  Movement between s i t e s  (i.e, l o c a t i o n s  several 

cen t ime t r e s  apa*) comprised 12-19% o f  the t o t a l  t i m e  observed ( - 3 ,  

2 9  min . )  and i n d i v i d u a l s  cont inued  t o  move with t h e  c h a r a c t e r i s t i c  

'c'-shaped body. When feeding,  i n d i v i d u a l s  t y p i c a l l y  swam a t  an 

a c u t e  ang le  t o  t h e  substratum, appa ren t ly  s ea rch ing  f o r  and 
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p e r i o d i c a l l y  snapping a t  s m a l l  organisms i n  t h e  t u r f .  The bite rate 

remained low. Some i n d i v i d u a l  a l g a l  f i l amen t s  were e a t e n .  Movement 

u s i n g  t h e i r  p e c t o r a l  f i n s  was g e n e r a l l y  slow, The caudal  f i n  was 

c u r l e d  round t o  produce t h e  'c'-shaped body most o f t e n  when feeding .  

I n d i v i d u a l s  remained wi th in  s m a l l  home ranges b u t  o f t e n  joined o t h e r  

small searids which passed through t h e  i n d i v i d u a l  % home range.  

Tkroughout th i s  phase, i n d i v i d u a l s  remained c l o s e  t o  t h e  substratum 

and/or s h e l t e r ,  

Phase 3:  1 2 . 1  - 18.0 mm T.L. (9.5-14,s mm S . L . )  

Ind iv idua l s  i n  t h i s  phase  possessed d i s t i n c t i v e  juven i l e  co lou r  

p a t t e r n s  (see Sec t ion  4 . 3 ) .  They swam i n  a t y p i c a l  s ca r id - l i ke  

manner, p ropel led  by t h e i r  p e c t o r a l  f i n s  and no longe r  cu r l ed  t h e  

cauda l  f i n .  when feeding ,  i n d i v i d u a l s  i n  phase 3 swam a t  a more 

o b l i q u e  angle  t o  t h e  subs t ra tum t h m  i n d i v i d u a l s  i n  phase 2 .  A 

l a r g e  propor t ion  (>80%) o f  t h e  t i m e  was spen t  searching  t h e  

subs t ra tum although %he bi te  r a t e  remained r e l a t i v e l y  low. Most 

bites removed a l g a l  f i l a m e n t s  o r  p a r t s  of  t u r f  algae. Epiphytes  on 

macroalgae were sometimes e a t e n  and i n d i v i d u a l s  o c c a s i o n a l l y  snapped 

a t  o b j e c t s  i n  t h e  t u r f .  I n d i v i d u a l s  remained w i t h i n  r e s t r i c t e d  home 

ranges  b u t ,  wi th in  t h e s e  home ranges,  t hey  f r e q u e n t l y  t r a v e l l e d  i n  

p a i r s  o r  i n  s m a l l  groups o f  3 t o  6 ind iv idua l s .  A t  th i s  s i z e  there 

was l i t t l e  d i f f e r e n c e  i n  t h e  behaviour  of  most Scarus spec i e s ,  t h e  

most o b ~ o u s  be ing  i n  t h e i r  l o c a t i o n  and co lou r  p a t t e r n s .  



Phase 4: 18.1 - 25'1 mm T.L. (14.5 - 20.5 mm S . L . )  

I n  t h i s  phase,  i n d i v i d u a l s  r e t a i n e d  t h e  juven i l e  c o l o u r  

p a t t e r n s  found i n  t h e  previous  phase and swam i n  a typical s c a r i d  

manner. When feeding ,  most s p e c i e s  scraped t h e  substratum. 

Ind iv idua l  a l g a l  f i l amen t s  were o n l y  occas iona l ly  i n g e s t e d .  

S .  prenatus appeared t o  select i n d i v i d u a l  a l g a l  f i l amen t s  o r  f r o n d s  

m o r e  o f t e n  than  the o t h e r  s p e c i e s .  The b i te  rate i n  t h i s  phase was 

h i g h e r  t han  t h a t  of i n d i v i d u a l s  i n  phase 3 and t h e r e  was less 

sea rch ing  ac-k iv i ty  between bites. Although a l l  Scarus s p e c i e s  

observed were home ranging  a t  this  s i z e ,  t h e  behaviour  o f  t h e  

~ a r i o u s  s p e c i e s  s t a r t e d  t o  d ive rge .  Some s p e c i e s  remained s o l i t a r y  

w h i l s t  o t h e r s  became i n c r e a s i n g l y  g rega r ious  and formed s m a l l  

schools .  

Phase 5: 25.0 - 150.0 m T.L. (20.5 - 124 mm S.L. )  

I n  t h i s  f i n a l  j u v e n i l e  phase,  d i f f e r e n c e s  between s p e c i e s  

became i n c r e a s i n g l y  appa ren t .  Most s p e c i e s  possessed s p e c i f i c  

co lou r  p a t t e r n s  and t h e r e  w a s  a wide range o f  behavioura l  t y p e s ,  

from t e r r i t o r i a l  s p e c i e s  t o  s p e c i e s  wbich formed l a r g e  m u l t i s p e c i f i c  

s choo l s .  Early i n  t h i s  phase a l l  s p e c i e s  fed  a s  ' s c r a p e r s ' ,  

s c r ap ing  t h e  a l g a l  covered substratum and on ly  r a r e l y  removed 

i n d i v i d u a l  a l g a l  f i l a m e n t s .  They no longe r  snapped a t  objec-ks i n  

t h e  t u r f .  The bite rate was high,  wi th  l i t t l e  evidence o f  s ea rch ing  

between bites ( w i t h  the p o s s i b l e  except ion  of  S ,  frenatus), 

Approximately 14.7% o f  t h e  time ( *  5.57, 95% C.I., n=19, 210 min) 

w a s  spent  moving between sites (cf. 12-19% i n  phase 2). I n  the 

l a t t e r  park o f  phase 5 ,  t h e r e  were marked morphological 

group-related d i f f e r e n c e s  i n  a d d i t i o n  t o  spec ies - re la ted  d i f f e r e n c e s  



i n  f eed ing  behaviour .  ' F r e n a t u s v  group spec i e s  remained ' s c r a p e r s '  

w h i l s t  ' s o rd idus '  group s p e c i e s  began t o  exhibit behaviour  

a s s o c i a t e d  wi th  a ' b i t i n g '  strategy, The smallest S. sordtdus 

observed u t i l i z i n g  ' c racking '  bites was 110 m T.L.  and t h e  

smallest S .  gtbbus ,  130 m T.L. 

I n  phases  2 t o  5, two basic t y p e s  of  feeding  behaviour  were 

observed,  The predominant type was wi th  t h e  head f ac ing  t h e  

subs%ratm. This  p o s i t i o n  was h e l d  throughout t h e  s e a r c h i n g / b i t i n g  

pe r iod  and was maintained d u r i n g  wave a c t i o n  by f a c i n g  i n t o  t h e  

wave-induced water  c u r r e n t s .  The second feeding  t y p e  was only  

r a r e l y  observed.  I n  t h i s  type, the f i s h  remained i n  the wa te r  above 

the substratum and d r i f t e d  with t h e  wave-induced wa te r  movement. 

S m a l l  i n d i v i d u a l s  feeding  i n  th is  w a y  o c c a s i o n a l l y  snapped a t  

o b j e c t s  i n  t h e  water  column, p o s s i b l y  c r u s t a c e a .  Larger  i n d i v i d u a l s  

o c c a s i o n a l l y  a t e  t h e  faeces o f  school ing  f i s h e s  i n  t h i s  manner, 

Cessa t ion  o f  f eed ing  bou t s  ( f o r a y s  ) by most s p e c i e s  a t  North 

R e e f  and by S .  frena*us i n  t h e  lagoon appeared t o  be independent of 

e x t e r n a l  f a c t o r s .  However, f o r  other spec i e s  i n  t h e  lagoon, feeding  

bou t s  ( f o r a y s )  were o f t e n  i n t e r r u p t e d  o r  te rmina ted  as a r e s u l t  o f  

aggress ion  from t e r r i t o r i a l  pomacentr ids  o r  o t h e r  s c a r i d s .  

D. Analys is  o f  t h e  i n t e s t i n a l  c o n t e n t s .  

The composition o f  t h e  i n t e s t i n a l  con ten t s  of  j u v e n i l e  s c a r i d s ,  

from 7 . 5  t o  35,5 mm S.L,  is  l i s t e d  i n  T a b l e  6 . 6 .  O n l y t h r e e  types  

o f  food i t e m  were observed: c rus t acea ,  a lgae  and p a r t i c u l a t e  

i no rgan ic  m a t t e r ,  A breakdown o f  t h e  c rus tacean  component is  given 

i n  T a l e  6 . 7 .  The d a t a  i n  Tables 6.6 and 6 . 7  a r e  expressed 



T a b l e  6.6 The i n t e s t i n a l  c o n t e n t s  o f  j u v e n i l e  scarids - A ?  
Algae,  sand and c r u s t a c e a ;  mean % of g u t  c o n t e n t s  and % o c c u r r e n c e .  

S.E. size n Algae Sand '* A l g a e  + Sand Algae + Sand C r u s t a c e a  t 
class (mm) % o c c u r r e n c e  % o c c u r r e n c e  

7 - 8.9 8 1.5 (1.6) 5.5 (6.7) 7.0 (8.1) 

9 - 10.9 9 14.5 (16.1) 28.8 (16.9) 43.3 (28.0) 

11 - 12.9 4 22.5 (26.1) 36.3 (12.5) 58.8 (32.8) 

13 - 14.9 8 28.1 (22.1) 34.4 (17.7) 66.2 (20.7) 

15 - 16.9 8 35.0 (16.4) 35.0 (19.1) 71.2 (21.9) 

17 - 18.9 4 42.5 (10.5) 5 0 . 0  (21.4) 92.5 (11.4) 

19 - above 9 21.7 (12.4) 65.6 (19.9) 100.0 (00,O) 

t - Data e x p r e s s e d  as t h e  mean e s t i m a t e d  % o f  t h e  total volume o f  i n t e s t i n a l  
c o n t e n t s  ( * 95% C. I. ) . 

$ - The sand c o n s i s t e d  o f  f i n e  ( u  1.0 m) c a r b o n a t e  and 
s i l i c i o u s  p a r t i c l e s .  

N.B.  t h e  i n t e s t i n a l  c o n t e n t s  c o n s i s t e d  e n t i r e l y  o f  a l g a e ,  sand and/or  
c r u s t a c e a ,  no o t h e r  food i t e m s  were  recorded. 



Table 6 . 7  The i n t e s t i n a l  contents  of j u v e n i l e  s c a r i d s  - B: Crustacea; 

mean numbers p e r  indiv idual  ( *  95% C . I . ) .  

T o t a l  S . L . s i z e  n Harpact i c o i d s  * 
Ostracods Copepods Others 

c l a s s  (mm) crustacea  n a u p l i i  ' smallS medium -& small'f 

P = 0 . 1 3  m mean diameter.  
$ = body length  0 . 2 5  - 0.30  mm. 
9 = body length  0 , 7 0  - 0 . 7 5  mm. 
* = inc ludes :  large  harpact ico ids  (body length  1 . 3  - 1 . 5  mm),  other  l a r g e  copepods 

(body length  0 .6 - 0 . 7  mm) and amphipods. 



Figure  6.2 A 

The i n t e s t i n a l  con ten t s  sf j u v e n i l e  s e a r i d s s  a l g a e  and 

sand (mean % volume 2 95% C,%. 9 .  

( O p n  areas = a lgae ,  s t2pp led  areas = sand) .  

i n t e s t i n a l  con ten t s  sf j u v e n i l e  s c a r i d s ;  crustaeea 

(mean number per i n t e s t i n e  * 95% (2.1.). 

'Fhe number of i n d i v i d u a l s  i n  each size group, t h e  p e r c e n t  occurrence 
of each  food i t e m  and a breakdown o f  the crus tacean  component are 
given i n  Tab le s  6.6 and 6 .7 .  
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Table 6 . 8  The intestinal contents of some juvenile herbivorous reef fishes other than scarids. 

ALGAL FIIAMENTS GRIT-SAND CRUSTACEA 
I 

Species Number S . L .  range % occ. E s t .  % % occ. E s t .  % % occ. E s t .  % Mean 
conks. eonts , conts. number 

Acanthurus dussumtert 

Acanthurus ottvaceus 

Zebrasoma scopas 

Zebrasoma vettferum 

Stganus sptnus 

Stganus doEta-bus 

Centropyge btcsbor 

a - small harpacticoid. 
b - small. coppod. 
c - small harpacticoid ( 2  ) an6 harpacticoid nauplii ( 1 ) . 
d - copepod nauplii ( 41, small hargacticoid g 2 ) . w 

a, 
e - harpacticoid nauplii ( 3 ), small. harpacticoid ( 2 ), ostracod ( P ), decapod larva( 1 ) . w 



g r a p h i c a l l y  i n  F igu res  6 . 2  A and 6 . 2  B.  The above d a t a  r e p r e s e n t  

t h e  pooled o b s e r n t i o n s  o f  approximately e i g h t  species ( l i s t e d  i n  

Sec t ion  6 . 2  ) . There was no diSce~Yiible d i f f e r e n c e  i n  the 

composition of  t h e  i n t e s t i n a l  con ten t s  between s p e c i e s  nor between 

specimens f i x e d  immediately upon cap tu re  o r  t h o s e  k i l l e d  upon 

c a p t u r e  and f ixed  s h o r t l y  t h e r e a f t e r .  

For  comparative purposes,  s i m i l a r  obse rva t ions  were made on a 

l i m i t e d  number s f  r e c e n t l y  r e c r u i t e d  specimens from t h e  t h r e e  o t h e r  

h e r b i v s r s u s  r e e f  f i s h  f a m i l i e s  (Table  6 . 8 ) .  I n  these spec i e s ,  t h e r e  

was a notab le  lack o f  m u s t a c e a  i n  t h e  i n t e s t i n a l  con ten t s ,  even 

though some specimens appeared t o  have o n l y  r e c e n t l y  s e t t l e d ,  as 

evidenced by t h e i r  l a c k  o f  pigmentat ion.  

6 . 4  Discussion 

The r e s u l t s  i n  t h i s  s t u d y  i n d i c a t e  t h a t  t h e r e  is a s t r o n g  

degree  of c o r r e l a t i o n  between t h e  morphology, d i e t  and f eed ing  

behaviour  o f  j uven i l e  s c a r i d s  below 40 mm T.L. and above 110 mm 

T . L ,  The obse rva t ions  o f  s c a r i d s  below 40 nun T . L . ,  summarized i n  

Figure 6 .3 ,  show a g radua l  changeover from a carn ivorous ,  too thed ,  

l ab r id - l i ke  s t a g e  which f eeds  c l o s e  t o  t h e  subs t ra tum,  wi th  a low 

number o f  b i t e s  p e r  minute and b i t e s  p e r  fo ray ,  t o  a herbivorous,  

t y p i c a l  s c a r i d  form f e e d i n g  a s  a ' s c r a p e r ' .  I n  t h e  last  s t a g e s  o f  

t h e  juven i l e  phase,  above 110 mm T . L . ,  morphology and f eed ing  

b io logy  a r e  a l s o  c o r r e l a t e d  a s  ' so rd idus '  group s p e c i e s  begin  t o  

d i s p l a y  feeding behaviour  a s soc i a t ed  wi th  a ' b i t i n g '  s t r a t e g y ,  i . e .  

s t r o n g  powerful bites, fewer bites p e r  minute,  fewer b i t e s  p e r  f o r a y  

and s c a r r i n g  of  t h e  subs t ra tum,  



A summary sf t h e  on togens t i c  changes i n  t h e  behaviour ,  

d i e t  and morphology o f  j uven i l e  s e a r i d s .  

( a )  Feeding r a t e s ,  i n  bite%/min.,  based on S .  sordtdus, T a b l e s  6.2 

and 6.3 A.  

(Is)  Mean f o r a y  sfze, Based on S .  su~d%dus, Tables  6.3 A and 6.5. 

(e) Major phases  i n  the feed ing  beIhasrj6sur as def ined  i n  S e c t i o n  

6.3 C .  

(d) Number of cmstacea i n  t h e  i n t e s t i n e ,  from Figure  6.2 B. 

(e) Estimated volumes o f  a l g a e  and sand i n  t h e  i n t e s t i n e ,  f r o m  

F igure  6.2 A .  

(f) form o f  t h e  t e e t h  and cwt t ing  edges sf t h e  jaws, from 

Chapter  2 .  

( g ) %he form o f  t h e  i n t e s t i n e ,  from T a l e  2 .2 .  

( h )  me R e l a t i v e  Gut Index  ( g u t  l e n g t h / J . L . ) ,  from Table 2.2. 



Caniform teeth 
Angular teeth at angle -. I+.. 
Even cutting edges . . . k t =  

No sacculation -. 
Saccu lation ... .-. 
Fully sacculated ..--r_ 

-* 

ffi .-• 
0.0 

8 10 12 14 16 18 20 30 40 50 60 70 

TOTAL LENGTH IN MM 



386 

Between 40 mm T.L.  and 110 mm T.L . ,  however, t h e  c o r r e l a t i o n  

between morphology and f eed ing  behaviour  is  less c o n s i s t e n t .  I n  

t h i s  size range,  ' so rd idus '  and ' f r e n a t u s '  group s p e c i e s  d ive rge  i n  

t h e i r  morphology b u t  t h e i r  behavieur  remains similar. Th i s  

i ncons i s t ency  was most no tab le  i n  S, f r e n a t u s  which d i f f e r e d  

markedly i n  its feed ing  b io logy  from o t h e r  ' f r e n a t u s '  group s p e c i e s .  

Between 40-110 mm T.L., S. f r e n a f u s  had a bite rate and number o f  

b i t e s  p e r  f o r a y  which were bo th  lower than  t h o s e  o f  S. so rd tdus .  

Below 80 mm T . L. , t h e s e  rates f o r  S. f r e n a t u s  were also much lower 

than  t h o s e  o f  S. psCttacus,  a ' f r e n a t u s '  group s p e c i e s ,  which h a s  

h ighe r  r a t e s  t han  S .  sordtdus. The most d i s s i m i l a r  r a t e s ,  

t h e r e f o r e ,  were disp layed  by t h e  most morphological ly  similar 

s p e c i e s .  From Table 6 .4 ,  it can be seen t h a t  between 40-110 mm 

T . L . ,  t h e r e  is no c o n s i s t e n t  c o r r e l a t i o n  between morphological 

groups and feeding  r a t e s ,  and t h a t  i n  t h i s  s tudy ,  S. f r e n a t u s  is an  

unusual s p e c i e s .  

Nwnerous s t u d i e s  have r epor t ed  a s t r o n g  c o r r e l a t i o n  between t h e  

morphology and f eed ing  behaviour  o r  d i e t  o f  f i s h e s .  These inc lude  

obse rva t ions  i n  f reshwater  (Al-Hussaini,  1949, F rye r  & Isles, 1972 

and Wankowski, 1979),  t empera te  marine (Chao & Musick, 1977, 

Montgomery, 1997, Chr is tensen ,  1978 and Schmitt  & Holbrook, 1984) 

and t r o p i c a l  marine systems (Al-Aussaini, 1947, Gohar & L a t i f ,  1959, 

Jones, 1968, Emery,  1973, B q a n  & Madraisau, 1977, Yamaoka, 1978, 

Lassuy, 1984 and Stoner  & Livings ton ,  1984).  

I n  t h e  p r e s e n t  s tudy ,  a s t r o n g  c o r r e l a t i o n  was found between 

the morphology and t h e  feeding  behaviour  and d i e t  o f  s c a r i d s .  I n  

Chapter 5 ,  obse rva t ions  of  a d u l t  f eed ing  p a t t e r n s  showed a marked 



difference between species with disparate morphologies. Likewise, 

in  th i s  chapter, juveniles between 10-40 mm T.L.  have a diet  and 

feeding behaviour which reflect  those predicted from the 

morphological and functional analyses i n  Chapter 2. 

However, in  t h i s  study, there is  one exception. S. frenatus, 

between 40 and 11Q mm S .L . ,  displays a behaeour which di f fers  

markedly from morphologically similar species. The functional 

analyses of the morphology of S .  frenatus, a t  t h i s  size, i n  Chapter 

2 indicate that it is capable of a weak scraping b i te  but not a 

strong cracking b i t e ,  It was therefore predicted t o  feed as a 

functional scraper. I n  t h i s  study, th i s  was found t o  be true for  

S ,  fyenatus and other 'frenatus' group species but thei r  behaviour 

differed markedly. This observation underlines the observations of 

Bock (1980) and Lauder and Eiem (1981) who emphasise the need for  

behavioural observations, especially in the f ie ld ,  before the 

adaptive value s f  a structure can be accurately assessed. 

S ,  frenatus shares a similar morphology with other 'frenatus' group 

species but has a different foraging strategy which is based on few 

bi tes  per minute and few bi tes  per foray (discussed i n  Chapter 6 ,  

part B ) .  Other exceptional cases have been reported i n  other taxa. 

Schmitt and Coyer ( 1982 ), for example, found foraging behaviour, 

rather than morphology, t o  be a better indicator of diet  i n  

ernbiotocids, A str iking example of th i s  problem was reported by 

Schluter (1982)  who found that two species of Galapagos finches, 

Geosp5za diff tcizis  and G. fuLtginosa, previously thought to  be 

strong competitors because of thei r  morphological similarity, were, 

in fact ,  carnivorous (feeding on arthropods and gastropods) and 

granivorous, respectively. 
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o t h e r  f a c t o r s  wkich may i n f l u e n c e  t h e  d i e t  i r r e s p e c t i v e  o f  t h e  

morphology must a l s o  be cons idered ,  f o r  example, s o c i a l  behaviour  

(Coates ,  1980) and p reda t ion  (Grosman,  1980 and Grossman, et aZ., 

1980) .  The problem is f u r t h e r  complicated by t h e  possi la le  e f f e d s  

o f  t h e  d i e t  upon the morphology (aykes & Moravek, 1933; i n  

Al-Hussaini, 1947 and Greenwood, 1965).  

The obse rva t ions  o u t l i n e d  above suggest  t h a t  t h e  f eed ing  

behavisur  and d i e t  o f  an i n d i v i d u a l  a r e  l i m i t e d  by its morphological  

c a p a b i l i t i e s .  However, because o f  behavioura l  p l a s t i c i t y ,  t h e  

feeding  behavioux and d i e t  o f  an i n d i v i d u a l  may vary cons ide rab ly  

w i t h i n  these morphological c o n s t r a i n t s .  Morphological and 

f u n c t i o n a l  a n a l y s e s  w i l l  no t  i n d i c a t e  how an i n d i v i d u a l  feeds, b u t  

will i n d i c a t e  t h e  l i m i t s  of  its f e e d i n g  c a p a b i l i t i e s ,  How an  

i n d i v i d u a l  f e e d s  w%thin its morphological c o n s t r a i n t s  can o n l y  be 

e luc ida t ed  by behavioura l  obserrmtions.  

One of  t h e  most s t r i k i n g  o b s e m t i o n s  i n  the p r e s e n t  s t u d y  i s  

the degree o f  d i f f e r e n c e  between t h e  f eed ing  b io logy  o f  j u v e n i l e  and 

a d u l t  s c a r i d s .  Small j uven i l e s  a r e  carnivourous,  whilst l a r g e  

juven i l e s  and a d u l t s  a r e  almost  e x c l u s i v e l y  herb ivorous .  

on togene t i c  changes i n  the d i e t  are a common occurrence  i n  

fishes. Such changes a r e  widespread i n  f reshwater  systems ( e  .g. 

Cadwallader, 1975, D a v i s ,  1977, Tallman & Gee, 1982, Marrin,  1983, 

Magnan & F i t z g e r a l d ,  1984 and Moyle & Vondracek, 1985) and, a l though 

n o t  ub iqui tous  ( H e l f m a n ,  1978) ,  t h e y  have been r epor t ed  i n  several 

marine s p e c i e s  ( e . g .  Godfxiaux, 1969, Emery, 1973, Coates ,  1980, 

Grossman e t  st., 1980, Jones, 1984, Lassuy, 1984 and Schmit t  & 

Holbrook, 1984 ) , 



Records o f  changes from omnivory/carnivory t o  herb ivory  i n  

marine f i s h e s  a r e  r e l a t i v e l y  common. A change from an omnivorous 

d i e t  t o  a predominantly herb ivorous  d i e t  h a s  been repor ted  i n  

several pomacentrids ( C i a r d e l l i ,  1967, Emery ,  1973 and Lassuy, 1984) 

mi l s - t :  a change from c a r n i v o r y  t o  he rb ivo ry  h a s  been repor ted  i n  a 

kyphosid, GtreLLa ntgrtcms (Mi t che l l ,  1953 ) , a s t i c h a e i d ,  

Cebidf ef hy s via Laceus ( Montgomery, 1977 ) and three s p a r i d s  , Sarpa 

saLpa (Chr is tensen ,  1978),  Lagodon rhombo%des (S tone r ,  1980) and 

BtpLsdus AoLb~ooki ( S t o n e r  & Livings ton ,  1984),  

fn t h e  p r e s e n t  s tudy ,  o n l y  s c a r i d s  were found t o  change from 

~ a z f l i v o r y  t o  herb ivory ,  Spec ies  i n  t h e  o t h e r  major herb ivorous  f i sh  

f a m i l i e s  examined, i.e, t h e  Acanthuridae, Siganidae and 

Pomacanthidae, a l l  f ed  as he rb ivo res  w i t h i n  a few days o f  

r ec ru i tmen t  t o  t h e  reef (Tab le  6 . 8 ) .  These d i f f e r e n c e s  between t h e  

v a r i o u s  t r o p i c a l  herb ivorous  f i s h  f a m i l i e s  reflect what is believed 

t o  be  a major d i f f e r e n c e  i n  the early l i f e  h i s t o r y  s t r a t e g i e s  o f  

herb ivorous  c o r a l  r e e f  fishes. 

These herb ivorous  reef f i s h  families may be d iv ided  based on 

their recru i tment  s t r a t e g i e s :  a )  those  which recruit a t  a small 

s i z e ,  5.e. t h e  Scar idae ,  and b )  t h o s e  which r e c r u i t  a t  a relatively 

l a r g e  s i z e ,  t . e ,  t h e  Acanthuridae, Pomacanthidae and Siganidae ( and  

p o s s s i b l y  some members o f  the Blennidae) .  The Kyphosidae is 

a p p a r e n t l y  unusual a s  it h a s  a p e l a g i c  j u v e n i l e  phase (Mi t che l l ,  

1953 and Le i s  & Rennis, 1983) .  The advantages o f  t h e  two s t r a t e g i e s  

t o  herb ivorous  f i s h e s  a r e  u n c l e a r ,  
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I t  has  been suggested t h a t  o n t o g e n e t i c  changes i n  t h e  d i e t  

reduce i n t r a s p e c i f i c  competi t ion i n  f reshwater  systems (Tallman & 

G e e ,  1982, Marr in,  1983, Magnon f F i t z g e r a l d ,  1984 and Moyle f 

Vondracek, l 9 8 5 ) .  Howewr, th is  is u n l i k e l y  t o  be true f o r  scarids 

as t h e  carn ivorous  phase p e r s i s t s  f o r  o n l y  a s h o r t  p e r i o d .  I n  

a d d i t i o n ,  small scarids have access t o  rich a l g a l  r e sou rces  t h a t  a re  

u n a w i l a b l e  t o  l a r g e  juven i l e s  o r  a d u l t s ,  5 . 8 .  i n  pomacentrid 

t e r r i t o r i e s  ( S e c t i o n  6 .6  ) . A d i e t  which is  s i m i l a r  i n  both  j u v e n i l e  

and a d u l t  phases ,  as i n  acan thu r ids  and s i g a n i d s ,  may ensu re  t h a t  

s e t t l i n g  larvae select areas which a r e  s u i t a b l e  f o r  bo th  j u v e n i l e s  

and a d u l t s ,  a l though t h e r e  is  no evidence t o  suggest  t h a t  t h e  a l g a e  

ea t en  by these juven i l e s  a r e  a better i n d i c a t o r  of  s u i t a b l e  a d u l t  

feeding  a r e a s  t h a n  b e n t h i c  eopepods would be f o r  s c a r i d s .  

Di f fe rences  i n  t h e  s i z e  o f  l a r v a e  a t  se t t l emen t  a r e  n o t  

r e s t r i c t e d  t o  herb ivorous  reef f i sh  families. S imi l a r  d i f f e r e n c e s  

have been found between o t h e r  reef f i sh  f a m i l i e s .  The Labr idae ,  

Mugiloididae, Nemipteridae and Pseudochromidae, f o r  example, settle 

a t  a r e l a t i v e l y  s m a l l  s i z e  (<I5 mm T.L . ) ,  whilst t h e  Holocent r idae ,  

Le thr in idae ,  Lut jan idae ,  Ser ran idae  and some chae todont ids  set t le  at  

a r e l a t i v e l y  l a r g e  s i z e  (>l5 mm T,L,) (based  on the s i z e  o f  the 

l a r g e s t  recorded p l ank ton ic  l a  i n  L e i s  and Rennis, 1983, and 

pe r sona l  o b s e r v a t i o n s ) .  Both groups inc lude  f a m i l i e s  with a wide 

range o f  f eed ing  h a b i t s ,  This  sugges t s  t h a t  the s i z e  a t  s e t t l e m e n t  

is r e l a t e d  t o  f a c t o r s  o t h e r  than  the d i e t  o f  p o s t - r e c r u i t s .  It i s  

t h e r e f o r e  suggested t h a t  t h e s e  d i f f e r e n c e s  r e f l e c t  two d i s t i n c t  

larval s t r a t e g i e s  i n  coral r e e f  f i s h e s .  Large larvae are more 

l i k e l y  t o  be s t r o n g  sw%mmers and t h e r e f o r e  able t o  move t o ,  or 

remain i n ,  favourable  a r e a s ,  The i r  l a r g e r  size map a l s o  enab le  them 



t o  u t i l i ze  food resources which are unavailable t o  smaller larvae 

and decrease predation from planktonic predators. It would be 

particularly rewaxding t o  investigate the biology of the larger 

larval stages of other herbivorous reef f ish species in comparison 

with smaller scarid larvae. A possible relationship between larval 

s ize  and an offshore l a m l  distribution has been suggested (Leis b 

Miller, I976 ) , 

Irrespective of the possible advantages of these strategies t o  

larval fishes, size differences a t  settlement do influence the 

feeding biology of individuals during early post-recruitment. 

Observations of several other herbivorous f ish species have 

indicated that a relat ively long intestine i s  a prerequisite for 

ef f ic ient  digestion of algae ( B m  & Madraisau, 1977, Montgomery, 

1977 and Lassuy, $984), Newly recruited scarids are therefore 

l ikely to  have a nutritional problem, as they only have a relatively 

short: intestine. Lassuy (1984) suggested that  small juvenile 

Stegastes Ltvtdus ingest a large proportion of animal matter t o  

compensate for their  relat ively low algal assimilation efficiencies, 

probably as a result of the i r  relatively short intest ine.  A s  newly 

recruited scarids have very short simple intestines, they are 

therefore likely t o  have extremely low algal assimilation 

efficiencies. It is  probable therefore, that the carnivorous die t  

of recently recruited scarids is the result  of nutritional 

limitations, This appears t o  be primarily a result of the i r  

intest inal  morphology, which is i n  turn, dependent t o  some extent on 

the i r  size a t  settlement, which is too small t o  accommodate a long 

complex intestine, Similar nutritional limitations appear to  have 

resulted in carnivory in the juvenile phases of other herbivorous 



p o i k i l o t h e m  ( Clark  & Gibbons, 1969 and Pough, 1973 ) . T h i s  is 

probably a g e n e r a l  phenomenon and may account  f o r  the ca rn ivo rous  

na tu re  of  most p l a n k t o n i c  l a r v a l  f i s h e s .  

The time s p e n t  o r  t h e  size a t t a i n e d  i n  t h e  p l ank ton ic  s t a g e  may 

be t h e  major determinant  of  either ca rn ivo ry  o r  he rb ivo ry  i n  t h e  

s e t t l i n g  r e c r u i t e  The a c t u a l  carn ivorous  per iod  may be similar i n  

t h e  two t-es s f  l a r v a e ,  one may be spen t  completely while i n  t h e  

p l ank ton ic  s t a g e  whereas t h e  o t h e r  is spent  i n i t i a l l y  i n  the 

p l a n t o n i c  s t a g e  b u t  a l s o  con t inues  after s e t t l e m e n t .  

p a r t  B General Biology 

6 . 5  In t roduc t ion  

There have been few s t u d i e s  o f  t h e  b io logy  of  j uven i l e  s c a r i d s .  

Published accounts  which inc lude  obse rva t ions  on juven i l e  s c a r i d s  

o f t e n  pool  t h e  j u v e n i l e s  o f  several s p e c i e s  a s  Scarus  spp.  o r  p o o l  

t h e  juven i l e  and a d u l t  s t a g e s .  Such s t u d i e s  on juven i l e  S c a r u s  spp .  

i nc lude  e s t i m a t e s  o f  abundance (Bouchon-Navaro & Harmelin-Vivien, 

1981 and Brock, 1982),  d i u r n a l  v a r i a b i l i t y  i n  abundance ( o f  

S ,  t s e r t t / t a e n i . o p t e r u s ;  Colton & Alevizon, 1981) and ana lyses  of 

recru i tment  p a t t e r n s  (Williams & S a l e ,  1981 and Shulman, 1984) .  

Published s t u d i e s  on i n d i v i d u a l  j uven i l e  Scarus  s p e c i e s  i nc lude  

observa t ions  o f  d i f f e r e n t i a l  habitat u t i l i z a t i o n  i n  S .  g u a c a m d a  

Cuvier and S ,  c o e Z e s t i n u s  Valenciennes (Randal l ,  1963) ;  d i u r n a l  

migra t ion  i n  S ,  t s e r t i  (Ogden & Buclanan, 1973; j uven i l e s  and a d u l t s  

pooled [Ogden, 1977]) ,  movement, f eed ing  r a t e s  and r a t e s  o f  

a g o n i s t i c  encounters  i n  S .  t ser t t  (Robertson e t  a Z . ,  1976) ,  t h e  

e f f e c t s  of  g r a z i n g  by S .  p s i t t a c u s  (as  S .  t a e n i u r u s  = S. p s t t t a c u s ,  



Randal l  & Bruce, 1983) upon the b e n t h i c  community s t r u c t u r e  (Brock, 

1979) ,  ana lyses  o f  t h e  r ec ru i tmen t  p a t t e r n s  o f  S. so rd tdus  (Ecke r t ,  

1984 and Sa le  et a&., 1984)  and t h e  fo rag ing  strategy o f  Spa~f soma  

vtride (Hanley, 1984) ,  

Tke p r e s e n t  s tudy  is a p r e l i m i n a r y  i n v e s t i g a t i o n  o f  t h e  b io logy  

o f  j u v e n i l e  s c a r i d s ,  i n  an a t tempt  t o  e s t a b l i s h  some basic 

informat ion  on t h e i r  ecology and behaviour ,  and t o  assess t h e  

presence  o f  any f a c t o r s  which may be c o r r e l a t e d  wi th  t h e  two 

morphological  groupings proposed i n  Chapter 1. Th i s  s tudy  was 

f e a s i b l e  on ly  a f t e r  t h e  taxonomic problems o f  j uven i l e  

i d e n t i f i c a t i o n s  had been worked o u t  (Chapter  4 ) .  

This s tudy  is p r i m a r i l y  concerned wi th  i n d i v i d u a l s .  General 

t r e n d s  from t r a n s e c t s  are o f  va lue  b u t  a r e  d i f f i c u l t  t o  i n t e r p r e t  

u n l e s s  one has  a knowledge o f  t h e  behaviour  o f  i n d i v i d u a l s .  A l a r g e  

p a r t  o f  t h i s  s t u d y  i s  t h e r e f o r e  concentrated on i n d i v i d u a l s  w i th in  

r e s t r i c t e d  s tudy  a r e a s ,  These d a t a  are of  l i m i t e d  va lue  f o r  making 

g e n e r a l i z a t i o n s  about p a t t e r n s  of  s c a r i d  behaviour  on o r  between 

reefs b u t  t h e y  do g ive  a detailed assessment o f  how some i n d i v i d u a l s  

d i d  behave i n  two s p e c i f i e d  l o c a l i t i e s .  It is  n o t  an  ex tens ive  

s t u d y  b u t  w i l l ,  hopefu l ly ,  p r o e d e  d a t a  which can form a basis f o r  

f u r t h e r  d e t a i l e d  obse rva t ions  and experimental  s t u d i e s ,  ac ros s  a 

g r e a t e r  number o f  r e e f s  o r  habitat types. 

6 . 6  Ma te r i a l s  and Methods 

Observat ions of j u v e n i l e  s c a r i d s  on r e e f s  around Lizard I s l and  

were made dur ing  November and December, 1981; January,  February, 

A p r i l ,  May, July, September, November and December 1982, and 
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January,  February, November and December 1983. The a s p e c t s  

considered i n  th is  s t u d y  and t h e i r  r e s p e c t i v e  methodology a r e  as 

fo l lows  : 

1 ) Abundance estirnakes 

A .  Examination o f  f i x e d  a r e a s  

I n  a p i l o t  s t u d y  carried ou t  i n  November/December 1981, s c a r i d s  

w e r e  found t o  be r e c r u i t i n g  i n  r e l a t i v e l y  l a r g e  numbers. To a s s e s s  

t h e  mature o f  r ec ru i tmen t  and the behaviour  of  p o s t - r e c r u i t s ,  

d e t a i l e d  abundance e s t i m a t e s  o f  j u v e n i l e  s c a r i d s  du r ing  t h e  

se t t l emen t  season ( t h e .  November - F e b r u a q )  were undertaken.  

Recruitment p a t t e r n s  i n  two such seasons  were followed, i n  Nov - J a n  

1982/83 and 1983/84, 

From prefianina?zy obse rva t ions  i n  December 1981 it was found 

that  abundance estimates o f  j uven i l e  scarids us ing  t r a n s e c t  methods 

missed many o f  t h e  r e c e n t l y  r e c r u i t e d  i n d i v i d u a l s  below 20  mm T.L. 

Abundance estimates o f  j uven i l e  s c a r i d s  up t o  60 m T . L .  were 

t h e r e f o r e  based on d e t a i l e d  examinations o f  2 x 2 m a r e a s .  Each 

2 x 2 m a r e a  was examined f o r  10 minutes ,  i n i t i a l l y  f o r  l a r g e  

i n d i v i d u a l s ,  t hen  i n  d e t a i l  f o r  smaller i n d i v i d u a l s  by running a 

hand over  t h e  rubb le ,  c o r a l  o r  algae t o  d i s lodge  any s m a l l  specimens 

l y i n g  on t h e  subs t ra tum.  A 10 minute obse rva t ion  per iod  was chosen, 

a s  previous  t r i a l s  (n=6)  o f  20 minute obse rva t ions  found t h a t  a l l  

i n d i v i d u a l s  which could  be v i s u a l l y  recorded i n  a 2 x 2 m a r e a  were 

loca t ed  i n  l e s s  t h a n  9 minutes and on average,  a l l  i n d i v i d u a l s  were 

loca t ed  wi th in  4 minutes  (x = 3 .9 ,  s = 2.7  ) . I n  each 2 x 2 m a r e a ,  

a record was made of the s p e c i e s  i d e n t i t y  and es t imated  t o t a l  l e n g t h  

o f  a l l  j uven i l e  s c a r i d s ,  and t h e i r  l o c a t i o n ,  behaviour  and 
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associations with other individuals. Recent recruits were defined 

as those individuals with incomplete juvenile pigmentation, % . e m  

only possessing pale dots, and which invariably laid on the 

substratum, had a phase 1 feeding behaviour (Section 6 . 3 )  and were 

less  than 11 mm T.L. 

The 2 x 2 m areas were selected as follows. Two series of 

transects were established within the North Reef and lagoon study 

s i t e s .  Each series of transects was separated by a gap of over 

2 0  m .  Each transect was 20 m long by 2 m wide and was marked by 

small f loats  every 5 m .  I n  the lagoon, transects were laid a t  two 

depths, a) on the top of the reef ( approx. = chart datum), 2 m from 

the edge of the reef and b )  along the front edge of the reef (0-1 m 

below C . D , ) ,  extending from the top of the growing reef edge t o  the 

coral rubble and sand base. I n  th i s  region, the reef i s  

approximately 1 m above the fagoonal sand. A t  North Reef, transects 

were laid a t  three depths, a )  1-3 m below C.D., just below the reef 

crest ,  b )  3-6 m below C . D . ,  a t  the base of the reef slope, covering 

the lower 1 m of the reef slope and 1 m of coral rubble a t  the base 

of the reef slope and c )  6-8 m below C . D . ,  over low coral rubble and 

sand 2 m away from the base of the reef slope. Each transect w a s  

divided into ten 2 x 2 m areas. During each census, four such areas 

were examined i n  each transect.  The areas were chosen a t  random 

(following a random number t ab le ) .  Each census therefore covered 16  

2 x 2 m areas i n  the lagoon and 2 4  2 x 2 areas a t  North Reef. 
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B. Transec ts  

I n  o rde r  t o  e s t i m a t e  abundances o f  i n d i v i d u a l s  above 20 mm T.L.  

and t o  i nc rease  t h e  accuracy o f  t h e  abundance e s t i m a t e s ,  20 x 2 m 

trmsects were used d u r i n g  t h e  l a t t e r  p a r t  o f  t h e  se t t l emen t  season  

when no juven i l e s  t20 mm T.L, were recorded i n  t h e  2 x 2 m a r e a s  

and o v e r a l l  numbers w e r e  low. These t r a n s e c t s  were along t h e  

2 x 2 m t r a n s e c t  l i n e s  desc r ibed  above. 

Fixed 120 x 2 m t r a n s e c t s  were a l s o  used t o  fo l low changes i n  

abundance, s i z e  and s p e c i e s  composition o f  s c a r i d s  i n  t h e  lagoon and 

a t  North Reef.  These t r a n s e c t s  were e s t a b l i s h e d  a t  t h e  depths  used 

f o r  t h e  2 x 2 m a r e a s  desc r ibed  above, T ransec t s  were swum s lowly  

(15 m/min.) and a no te  was made o f  t h e  number o f  i n d i v i d u a l s  and t h e  

s p e c i e s  i d e n t i t y ,  e s t ima ted  size and behaviour  o f  each i n d i v i d u a l .  

2) Home range e s t i m a t e s  

The s tudy  areas a t  North Reef and i n  the lagoon were mapped by 

t r i a n g u l a t i o n  of  prominent underwater f e a t u r e s .  P l ans  of  t h e  a r e a s  

w e r e  t hen  drawn t o  scale ( 3  c m : l  m 6 6 c m : l m ) .  I nd iv idua l s  w e r e  

followed f o r  30 minute p e r i o d s  and t h e i r  p o s i t i o n  r e l a t i v e  t o  t h e  

prominent underwater f e a t u r e s ,  recorded eve ry  15 seconds. These 

p o i n t s  were then  t r a n s f e r r e d  t o  t h e  map o f  the a r e a  and t h e  o u t e r  

p o i n t s  connected (extreme p o i n t s  w e r e  o n l y  connected i f  t h e  

i n d i v i d u a l  passed between them) .  C l u s t e r s  o f  p o i n t s  w i th in  t h e  area 

w e r e  a l s o  de l inea t ed .  Mapped areas w e r e  q u a n t i f i e d  us ing  a g raph ic  

d i g i t i z e r .  Ind iv idua l s  were followed f o r  subsequent 30-minute 

p e r i o d s  u n t i l  the cumulat ive a r e a  occupied inc reased  by less than  2% 

i n  a 30-minute obse rva t ion  p e r i o d .  No m o r e  t han  two obse rva t ion  
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pe r iods  pe r  day  w e r e  used, and t h e s e  w e r e  separa ted  by a pe r iod  of 

a t  least three hours .  Each i n d i v i d u a l  w a s  followed f o r  a t  l e a s t  

f o u r  30-minute p e r i o d s ,  b u t  u s u a l l y  r equ i r ed  six t o  n ine  obse rva t ion  

p e r i o d s .  The cumulat ive a r e a  occupied was then  taken  as an e s t i m a t e  

o f t h e  i n d i v i d u a l ' s  home range.  C l u s t e r s  of  15-second l o c a t i o n  

records  du r ing  t h e  t o t a l  observa t ion  time w e r e  used t o  produce area 

usage maps, A no te  w a s  made of t h e  c h a r a c t e r i s t i c s  of  t h e  a r e a s  

most f r equen t ly  occupied.  During t h e  observa t ion  pe r iods ,  the 

spec i e s ,  l o c a t i o n  and i n t e n s i t y  o f  any a g o n i s t i c  encounters  were 

recorded.  I n d i v i d u a l s  w e r e  i d e n t i f i e d  by a combination o f  c o l o u r  

p a t t e r n s  o r  scars and s i z e ,  o r  by subcutaneous i n j e c t i o n s  o f  p a i n t  

fol lowing t h e  technique  of  Thresher  and Grone l l  (1978) .  

3 ) Behavioural obse rva t ions  

A .  Agonis t ic  encounters  

During the home range e s t i m a t e s  ( p a r t  2 ,  dbove) and t h e  f e e d i n g  

observa t ions  ( S e c t i o n  6 . 2 )  descr ibed  e a r l i e r ,  a note  w a s  made o f  any  

a g o n i s t i c  encounters .  A record was made o f  t h e  spec i e s  involved ,  

t h e i r  r e l a t i v e  s izes  and t h e  n a t u r e  of  t h e  encounter .  

B.  General behav iou ra l  p a t t e r n s .  

Throughout t h e  s t u d y  per iod  from November, 1981 t o  December, 

1983, t h e  s i z e s  and l o c a t i o n s  o f  any known i n d i v i d u a l s  were 

recorded.  General  behavioura l  obse rva t ions  on juven i l e  s c a r i d s  at  

t h e  North R e e f  and lagoon s t u d y  sites were made throughout t h i s  

pe r iod ,  i nc lud ing  some observa t ions  a t  dawn and dusk. Add i t iona l  

behavioural  obse rva t ions  were made on j u v e n i l e  s c a r i d s  on several 

inshore  ( 4 ) ,  mid ( 10 ) and o u t e r  ( 5 ) b a r r i e r  reefs i n  t h e  Townsvil le ,  



Cairns  and Lizard  I s l and  r eg ions .  

4 )  Algae - substratum t r a n s p l a n t a t i o n  experiments.  

S i x  algae-covered substratum types were s e l e c t e d  and p i e c e s  

were t r a n s p l a n t e d  t o  a lagoonal  experimental  area. P i e c e s  o f  

substratum ( c o r a l  rock )  about 20 x 20 cm i n  area w e r e  removed from 

v a r i o u s  areas around Lizard I s l a n d ,  placed i n  plastic bags and 

t r a n s p l a n t e d  t o  t h e  experimental  area. A 1 1  p i eces  w e r e  t r e a t e d  i n  

t h e  same manner. The exper imenta l  area i n  t h e  lagoon w a s  on sand,  

nea r  low rubble, about 2 meters from t h e  r e e f  edge. This a r e a  w a s  

free from t e r r i t o r i a l  pomacentr ids  and w a s  r e g u l a r l y  v i s i t e d  by 

juven i l e  scarids. The p i e c e s  o f  subs t ra tum were placed  a t  random i n  

a t r i a n g u l a r  arrangement, 20 cm a p a r t ,  wi th  only  t h e  algae covered 

s u r f a c e s  exposed. 

The algal-covered subsratum t y p e s  used i n  t h i s  s tudy  and the 

sites from which they  w e r e  ob t a ined ,  a r e  as fol lows:  

1) Within t h e  t e r r i t o r i e s  o f  S t e g a s t e s  n t g r t c m s  i n  t h e  lagoon.  

2 )  Within PomacentPus fZavtcauda and P ,  ward5 t e r r i t o r i e s  i n  t h e  

lagoon.  

3 )  Within Acanthurus E5neatus t e r r i t o r i e s  a t  North R e e f . .  Care 

w a s  t aken  t o  ensure  t h a t  the substratum w a s  removed from a r e a s  

where juven i l e  3. f r e n a t u s  r e g u l a r l y  f e d .  Raised a r e a s  which 

were r e g u l a r l y  fed  on by l a r g e  s c a r i d s  and a r e a s  nea r  cover  

which were included wi th in  t h e  t e r r i t o r i e s  o f  pomacentrids 

were avoided.  

4 )  Grazed a r e a s  a% t h e  t o p  of  the r e e f  i n  t h e  lagoon, from w i t h i n  

t h e  home ranges of j uven i l e  s c a r i d s .  

5) Cora l  rubble from t h e  base o f  t h e  r e e f  s lope  a t  North R e e f .  
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6 )  Coral  rubble from the base o f  t h e  r e e f  edge i n  t h e  lagoon. 

The a lgae  covered p i e c e s  of s u b s t r a t a  w e r e  l e f t  i n  p l ace  f o r  

two minutes,  t hen  the number o f  j uven i l e  s c a r i d s  feeding  on each 

substratum t y p e  w a s  censused e v e q  minute f o r  *he next  30 minutes .  

The observer  w a s  a t  least 1 . 5  m away. one minute censuses w e r e  

chosen, as i n  prev ious  trials t h e  mean d u r a t i o n  o f  an ind iv idua l  on 

a s i n g l e  substratum t y p e  w a s  found t o  be 26 .3  seconds (+ 9.90 sec, 

95% C .  . n=20; based on a l l  s ix subs t ra tum t y p e s ) .  The 

p r o b a b i l i t y  o f  count ing  the same i n d i v i d u a l  wi thout  it having moved 

away i n  t h e  meantime w a s  t h e r e f o r e  extremely s m a l l .  The experiment 

w a s  r e p l i c a t e d  e i g h t  t i m e s  between A p r i l  29 t o  May 4, 1982. The 

r e s u l t s  w e r e  expressed as t h e  t o t a l  number o f  i n d i v i d u a l s  recorded 

p e r  30 censuses p e r  subs t ra tum type ,  and were analysed us ing  a 

one-way ANOVA with a Duncan's m u l t i p l e  comparison t e s t .  

6 . 7  Resul t s  

Es t imates  o f  t h e  abundance o f  j uven i l e  and newly r e c r u i t e d  

scarids dur ing  the summer s e t t l e m e n t  pe r iods  (November - January)  i n  

1981-82 and 1982-83 a r e  summarized i n  F igure  6 . 4 ,  I n  th i s  f i g u r e ,  

t h e  abundances a t  t h r e e  t r a n s e c t  depths  a t  North R e e f  and t w o  

t r a n s e c t  depths  i n  t h e  lagoon a r e  pooled.  Changes i n  abundance a t  

each depth from November 1981 t o  January 1982 are shown i n  F igu re  

6 . 5 .  Three main f e a t u r e s  a r e  apparent  i n  t h e s e  f i g u r e s :  

1) I n  both t h e  1981/82 and 1982/83 obse rva t ion  pe r iods ,  

recru i tment  w a s  restricted t o  November/early December a t  North 

R e e f  and i n  t h e  lagoon.  

2 )  Recruitment r a t e s  and juven i l e  abundances v a r i e d  cons iderably  

between yea r s .  



Figure 6 , 4  

The relative abundance of juvenile scarids ( <  40 mm T.L.) 

at the Norkh Reef and lagoon study sites during the 1982-3 

and 1983-4 November-January recruitment periods. 

Each Nor%h Reef data p0im.t: is based on 16 pooled 2 x 2 m sample 

areas chosen at random from tramse&s at 1-3 m, 6-8 m and 8+ m below 

chart datum. The solid lines show the total number of individuals 

recorded and the dashed lines show the number of these that were 

recently settled, t.e. unpigmented, individuals. The data are 

pooled as most samples were exceptionally small. 
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me r e l a t i v e  abundance sf j uven i l e  scarids ( < 40 mm T . L. ) 
a t  three depths  i n  the North R e e f  s t u d y  s i te and a t  two 

dep ths  i n  t h e  lagoon s t u d y  site, du r ing  t h e  1982-3 November- 

Each data p i n t  is t h e  t o t a l  number sf scarids recorded i n  e i g h t  

2 x 2 m areas chosen a t  random a long  each depth t r a n s e c t .  Because 

o f  c o n s i s t a n t l y  l o w  numbers the d a t a  are expressed as t h e  t o t a l  

number of i n d i v i d u a l s  p e r  census .  
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CREST 1-3 m below C.D. 

LOW 6-8 m below C.D. 
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3) The abundance of juvenile scarids at North Reef decreased 

rapidly during late November - December, especially in the 

deeper transects. 

At Lizard Island, scarid recruitment appeared to be restricted 

to the months of November and December. Newly recruited specimens 

and relatively large numbers of small juveniles ( <  20 mm T.L. ) were 

only recorded during the November - December periods in 1981, 1982 
and 1983. Small juveniles were observed at other times of the year, 

most often in the lagoon, but only occasionally and in small 

nunibers . 

Annual variation in scarid recruitment rates and juvenile 

abundances were recorded at the North Reef and lagoon study sites. 

Juvenile scarids were numerous at both sites in December 1981. The 

numbers were lower in No~ember - December 1982, and in 1983, were 
very low (Fig. 6,4, Table 6.9). In addition, there was 

considerable annual variation in the species composition of juvenile 

and newly recruited scarids at the two study sites (Table 6.9). 

Between site differences in the species composition of juvenile 

scarids were also apparent. Of the 16 species commonly recorded, 

nine occurred at both sites, four were recorded at North Reef only 

and three were found only in the lagoon (Table 6.10). The North 

Reef study site was characterized by four relatively common species: 

S. sordtdus, S. frenatus, S .  ntger and Scarus sp. (cf, Zunuza). 

The lagoon study site was characterized by numerous individuals of 

two species, S. psittacus and S. sordtdus, and to a lesser extent, 

S. rivuLatus (Tables 6.9, 6.10). These differences were consistent 

between years. 



T a b l e  6.9 R e l a t i v e  rates o f  r e c r u i t m e n t  a t  t h e  lagoon and 
North  Reef s t u d y  sites d u r i n g  t h r e e  s e t t l e m e n t  
s e a s o n s ,  e x p r e s s e d  as a % o f  t o t a l  j u v e n i l e  scarids 
(t35 mm S . L . )  recorded .  $ 

s p e c i e s  %981/82 1982/83 1983/84 

S ,  S O F B % ~ U S  

s .  spp e 
S .  n t g e r  
S ,  f r e n a t u s  
S .  sp. (e f .  LunuLa) 
S. r u b ~ s v t o L a c e u s  
S .  gtbb16.s 
s. SP. PP 
S. ps t t t acus / sehLegeb% 
S .  sp%nus 
C. B t c o b o ~  
C. e a s o % t n u s  

Number recorded  $ 

Lagoon : 

S. s o r d t d s / s p t n u s  
s. s p p  * 
S. s p p  ** 
S. f r e n a & u s  
S. sp4 (c f .  LunuLa) 
S ,  s p i n u s  
S.  s o r d i d u s  

Number recorded  $ 

$ - 1981/82 d a t a  are based  on  c o l l e c t i o n s  o f  material, q u a l i t a t i v e  
o b s e r v a t i o n s  and e i g h t  1x10 m t r a n s e c t s  a t  North R e e f .  

1982/83 d a t a  are based  on 384 random 2x2 m areas i n  t h e  North  
Reef s t u d y  s i t e  and 262 random 2x2 m areas i n  t h e  
l agoon  s t u d y  s i t e .  Some specimens may t h e r e f o r e  h a v e  
been  recorded  on more t h a n  on  o c c a s i o n .  

1982/83 data are based on 288 random 2x2 m areas at  North  Reef 
and 1 9 2  random 2x2 m areas i n  t h e  lagoon s t u d y  site.  

j- - I n c l u d i n g :  S ,  s o r d i d u s ,  S. sp. and  S .ps i t t acus / schZegeZz .  
tt - Unknown i d e n t i t y .  
* - I n c l u d i n g :  S. s o r d t d u s ,  S. r i v u L a t u s ,  S s p . ,  S, p s t t t a c u s  

and S ,  ghobban. 
** - P r i m a r i l y  S. p s t t t a c u s ,  b u t  may i n c l u d e  S. r t v u b a t u s ,  

S. gbobtceps  and S .  s p .  (cf , LunuLa ) . 
9 - P r e s e n t  b u t  n o t  q u a n t i f i e d .  
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During November t o  December 1982, t h e r e  w a s  a decrease  of 

approximately 80% i n  34 days i n  t h e  o v e r a l l  abundance of  j u v e n i l e  

s c a r i d s ,  a s  recorded from t h r e e  t r a n s e c t  dep ths  ( F i g .  6 . 4 ) .  T h i s  

dec rease  w a s  most likely t o  be t h e  r e s u l t  o f  m o r t a l i t y  and/or  

mig ra t ion .  The inc reased  abundance o f  j u v e n i l e s  i n  t h e  1-3 m 

transee-k i n  l a t e  December (F ig .  6 - 5 )  suggested t h a t  some mig ra t ion  

had occurred as no r ec ru i tmen t  was recorded du r ing  t h i s  per iod  (Fig.  

6 . 4 ) .  Migration o f  j u v e n i l e  s c a r i d s  up t h e  r e e f  s lope  was observed 

( s e e  below), b u t  no s m a l l  s c a r i d s  ( <  30 mm T . L . )  w e r e  observed t o  

move from t h e  lower t r a n s e c t  a r e a s  t o  sha l lower  a r e a s ,  above 1 m ,  or 

i n t o  deeper  wa te r .  

I f  one a l lows  f o r  migra t ion  from t h e  two deeper  t r a n s e c t  areas 

up t h e  r e e f  s l o p e ,  by assuming t h a t :  a )  t h e  i n i t i a l  abundance i n  

the 3-6 m region is t h e  same a s  t h a t  i n  the 1-3 m t r a n s e c t  r eg ion  

(=an underes t imate) ,  b )  t h a t  t h e  abundance i n  t h i s  region a f t e r  34 

days is mid-way between t h e  dbundances a t  t h e  1-3 and 6-8 m 

t r a n s e c t s ,  and c )  that the I m gap between t h e  two deep t r a n s e c t s  

( F i g .  6 . 4 )  is mid-way between t h e s e  two, t hen  t h e  r e s u l t a n t  

es t imated  m o r t a l i t y  r a t e  of  j uven i l e  s c a r i d s  i n  t h e  e a r l y  

post-recrui tment  pe r iod  i n  t h e  North Reef s t u d y  s i t e  is 77% w i t h i n  

34 days ,  Most p r e d a t o r y  a t tempts  upon j u v e n i l e  s c a r i d s  w e r e  by 

synodontids ,  b u t  a t t a c k s  from CheiLtnus digramma, Hemigymnus 

fasctatus and 77Iabassoma buna~a were a l s o  observed.  

B )  Home ranges 

I n  t h i s  s tudy,  m o s t  j uven i l e  s c a r i d s  w e r e  found t o  be home 

r ang ing  throughout the j u v e n i l e  phase.  The s i z e s  of  the home ranges  

o f  f o u r  spec i e s  i n  t h e  North R e e f  and lagoon s t u d y  s i t e s  a r e  shown 



The rela%iowok.Q between home range/terrftox-y= area 

and t o t a l  l eng th  o f  j u v e n i l e  ecar%da,  

The s t i p p l e d  area e n c l o s e s  t h e  p o i n t s  sf 9 r e c e n t l y  r e c r u i t e d  

i n d i v i d u a l s  from North R e e f  and 17 r e e e n k l y  r e c r u i t e d  i n d i v i d u a l s  

from the lagoon. The curve  f i t t e d  is based on t h e  d a t a  p o i n t s  f o r  

S ,  frenatus a t  North R e e f .  The r e g r e s s i o n  equat ion  o f  t h e  l i n e  i s  

l o g  y = 2.688 l o g  x - 3,1763 (n = 21, rL = €1,85146)~ 



I A A S sordidus 

e S frenatus 

S niger 

69 S. psittacus 

ESTIMATED TOTAL LENGTH IN MM 



Figure  6 - 9  

The home ranges of two juven i le  S. sord tdus  i n  t h e  lagoon 
s tudy  si te.  

A keg t o  t h e  map is given below. The upper a r e a  o f  t h e  reef is at 
approximately c h a r t  datum. The lower sandy a r e a  is approximately 
1. m below c h a r t  datum. 
I n  each f i g u r e  t h e  o u t e r  s o l i d  l i n e  d e l i n e a t e s  t h e  t o t a l  home range 
(where t h e  a r e a  inc reased  by less than 2% i n  a 30-minute observat ion 
p e r i o d ) .  The broken l i n e s  enclose an a r e a  o f  high u t i l i z a t i o n .  The 
arrows i n d i c a t e  t h e  length o f  t h e  chase  and t h e  d i r e c t i o n  o f  a l l  
a t t a c k s  by pomaeentrids dur ing  t h e  t o t a l  observa t ion  per iod .  

Figure  6.7 A: A 60 mm T.L. S, sord tdus  ( A p r i l  - Mag, 1982) .  
The t o t a l  a r e a  was 14.3 m2 and t h e  a r e a  o f  high u t i l i z a t i o n  
3 m2 ( = 21% o f  t h e  t o t a l  a r e a  ) . O f  t h e  t o t a l  observat ion 
per iod  (a 221 min.)  44.8% o f  t h e  t i m e  was spen t  i n  t h e  area 
o f  high u t i l i z a t 2 o n .  

Figure  6 ,9  B: A 74 mm T.L. S. sord tdus  ( A p r i l  - Mag, 1982).  
The t o t a l  a r e a  was 11.4 m2 wi th  a high u t i l i z a t i o n  a r e a  o f  
3 .4  m2 (-= 29.8% of  t h e  t o t a l ) .  O f  t h e  t o t a l  observat ion 
t ime (a158 min. ) 65.8% was s p e n t  i n  t h e  high u t i l i z a t i o n  
a r e a .  

A - Aeropora spp. L - Lobophy LLtu sp. ( s o f t  c o r a l )  
B - Boulders; aead Issrttes M - Monttpora sp. 
C - Coral rock P - P o r t t e s  sp. 
C 1 -  Coral rock mat r ix  S - Sand 

1 m above C.B. S '- Ser tu topora  sp. 
Cw- Coral rock & rubble T - An a r e a  occupied by 
G - Gontastrea  s p .  t e r r i t o r i a l  S t e g a s t e s  n t g r t c a m  
H - A h o l e  i n  t h e  reef 
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in Figure 6.6. Two main trends are apparent from th i s  figure: 

a )  Progressively larger f ish had larger home ranges. 

b )  Below 90 mm T.L., the home ranges of species or individuals a t  

Nolrth Reef tended t o  be larger than those of species or 

individuals in  the lagoon. 

The log-log regression of S .  frenatus home ranges/territories 

a t  Norkh Reef versus to ta l  length is: log y = 2.688 log x - 3.1763. 
This is significantly greater than the standard of 2 (=  a power 

curve, t = 2.7376, 19 df . ,  p < 0.02; using a modified t-test,  Zar, 

1974). The increase in amea of the home range/territory of 

S ,  frena.t;us is therefore positively allometric over th i s  size range 

and from the data i n  Figure 6 .6 ,  appears t o  be similar for other 

species a t  North Reef. 

The home ranges of individuals above 90 - 120 mm T.L. i n  the 

lagoon were hard t o  estimate as they joined highly mobile foraging 

schools. A few individuals were followed for short periods of time 

( a  15-20 m i n )  and in a l l  cases, thei r  minimum home ranges were i n  

excess of 400 m2 and were probably much larger. 

I n  the lagoon, the home ranges of specimens below 90 mm T.L. 

appeared t o  be restricted primarily by the available space, as 

delineated by the boundaries of t e r r i t o r i a l  pomacentrids and open 

sand. Two typical lagoonal home ranges are shown i n  Figures 6 . 7  A 

and 6 . 7  B.  These figures show the close correlation between the 

home range boundaries and the reef-sand interface, and the direction 

of pomacentrid attacks which almost invariably forced the scarid 

back into i t s  home range area. A t  North Reef , home range 

boundaries were occasionally limited by conspecifics, t e r r i t o r i a l  
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j u v e n i l e  S. frenatus o r  A. Ztneatus b u t  agg res s ion  w a s  a t  a  much 

lower rate than  i n  t h e  lagoon (Tab le  6 . 1 4 ) .  Ak North R e e f ,  f o r  many 

i n d i v i d u a l s ,  t h e r e  w a s  a p p a r e n t l y  no p h y s i c a l  o r  b i o l o g i c a l  

boundar ies  which de l inea t ed  t h e  home ranges ,  The home ranges w e r e  

t h e r e f o r e  most l i k e l y  t o  be l i m i t e d  by t h e  i n d i v i d u a l ' s  

requi rements ,  
I 

For most i nd iv idua l s ,  t h e  u t i l i z a t i o n  of t h e  home range was not 

uniform, and d i s c r e t e  r e g u l a r l y  used a r e a s  were apparent  w i th in  the 

home ranges  o f  i n d i v i d u a l s  ( as shown i n  F igs  6 .7  A, B )  , This  w a s  

m o s t  no t ab le  i n  l a r g e r  i n d i v i d u a l s ,  above 30 mm T.L. A t  North R e e f ,  

S. frena.tus ( >  30 mm T . L .  ) were m o s t  f r e q u e n t l y  observed i n  open 

a r e a s ,  w i t h i n  A. Ztneatus t e r r i t o r i e s ,  cha rac t e r i zed  by a  r i c h  a l g a l  

growth b u t  c l o s e  t o  cover .  S ,  ntger ( 30 mm T . L . )  were most 

f r e q u e n t l y  recorded over  f l a t  a l g a l  covered s u r f a c e s  near  t o  cover  

o r  i n  s m a l l  a l g a l  covered r e c e s s e s  i n  t h e  r e e f  s l o p e .  In  t h e  

lagoon, S ,  sordtdus and 3, pstttacus ( >  30 mm T . L . )  were most 

f r e q u e n t l y  recorded i n  open a l g a l  covered a r e a s  which were f r e e  from 

t e r r i t o r i a l  pomacentrids and were o f t e n  nea r  t o  some cover .  I n  

c o n t r a s t ,  t h e  t h e  home ranges  o f  t h e  few S ,  frenatus ( >  30 m T . L . )  

observed i n  t h e  lagoon were most f r e q u e n t l y  recorded wi th in  

pomacentrid t e r r i t o r i e s .  Some S. sordtdus and S .  pstttacus w e r e  

r e g u l a r l y  recorded under cover  i n  a r e a s  near  t o  Stegastes ntgrtcans 

t e r r i t o r i e s .  These i n d i v i d u a l s  r e g u l a r l y  fed  on t h e  edge of the 

pomaeentrids '  t e r r i t o r i e s  b e f o r e  r a p i d l y  d i v i n g  f o r  cover when 

observed and chased by t h e  pomacentrid.  



T a b l e  6,ll The d u r a t i o n  and na tu re  s f  s i t e  at tachment  i n  
j u v e n i l e  s e a r i d s .  

Spec ies  n I- approx. Longevity Type * 
T.L. (m)  ( d a y s ) $  

C. ea~sztnus 3 
6. DdcsZor 3 
%H. Zsngtceps 1 
S .  bLeekert 5 
S ,  gtbbus 8 
S .  sord.tdus 10 
S .  brevtftZCs 5 
S .  dtmtdtatus 3 
S .  fZavipeetoraZts 2 
S .  frenatus 17 
S. ghoBban 1 
S. ntger 12 
S . svteeps 2 
S. psittacus 8 

S. rCvuZatus 4 
S . rubrov~o Laceus 5 
S . sptnus 2 
S. s p .  ( cf . LunuZa) 1 

I? 
I T ?  A 
I? A 
16 
I A 
I t o  If (W+M?) 
1 (M) 
I (M) 
1/11? 
f A 
I t o  %I? 
I 
1 t o  M? 
1 t o  XI 
I t o  I1 
I t o .  II? A 
I t 0 M A  
I t o  %I? 

P - Based on obse rva t ions  o f  i n d i v i d u a l s  d u r i n g  home range a n a l y s e s  
and tagged,  scarred o r  i n d i v i d u a l l y  recogniseable  i n d i v i d u a l s  
throughout t h e  s tudy .  

$ - The l eng th  o f  t i m e  between t h e  first and las t  s i g h t i n g .  
* - The na tu re  o f  s i te  at tachment  v a r i e s  cons iderably  between 

s p e c i e s  : 
2 I = t hose  s p e c i e s / i n d i v i d u a l s  wi th  a r e s t r i c t e d  home range (<300m ) 
2 11= those  s p e c i e s / i n d i v i d u a l s  wi th  an  e x t e n s i v e  home range ( > 5 0 O m  ) 

A = t hose  s p e c i e s  where t h e  a d u l t  and j u v e n i l e  feeding  areas 
d i f f e r e d  markedly. 

M - t hose  s p e c i e s  where i n d i v i d u a l s  probably  migrated dur ing  o r  at 
t h e  end o f  t h e  j u v e n i l e  phase.  If a species i s  marked wi th  a n  A 
b u t  no M t h i s  i n d i c a t e s  t h a t  t h e  a d u l t  feeding  a r e a s  a r e  
ad j acen t  t o  t h e  j u v e n i l e  feeding  a r e a s .  
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The d u r a t i o n  of  home-ranging behaviour  may v a r y  between 

species. Some s p e c i e s  appear t o  b@ home-ranging o r  t e r r i t o r i a l  

throughout  t h e  juven i l e  and a d u l t  phases ( e . g .  S. f r ena tus  and 

S .  n t g e r ,  T a b l e  6 . 1 1  and Sec t ion  5 . 9 ) ,  w h i l s t  o t h e r  s p e c i e s  ( e . g .  

S. p s t t t a e u s ,  S .  r t v u z a t u s  and S. s o r d i d u s )  form l a r g e  mobile 

schools  and appear  t o  be semi-nomadic. The d u r a t i o n  and t y p e  o f  

home-ranging behaviour  i n  j u v e n i l e s  o f  s e v e r a l  s p e c i e s  are l i s t e d  i n  

Table 6 .11 .  The e s t i m a t e s  o f  d u r a t i o n s  a r e  observed ranges  and are 

l imited by t h e  l eng th  of t h e  obse rva t ion  per iods ,  actual d u r a t i o n s  

a r e  l i k e l y  t o  be cons iderably  l o n g e r ,  

C ) Movement 

Known i n d i v i d u a l s  from 10 - 110 mm T . L .  were followed i n  t h e  

North Reef and lagoon s tudy  sites f o r  pe r iods  of one t o  24  months. 

A* t h e  North Reef s tudy  s i t e ,  w i t h  t h e  except ion  o f  Catotomus 

caro t tnus  (n=4)  and Cetoscmus  b i c o t o r  (n=3),  a l l  observed juven i l e  

s c a r i d s  migrated slowly up t h e  r e e f  s l o p e .  This inc luded  S. n t g e r  

(n=23),  S .  f renatus  (n--12), S. gibbus ( ~ 8 ) ,  S, sord tdus  (n=7),  

S .  b r e v t f i z t s  (n=3),  S ,  rubrov to taceus  ( ~ 3 )  and Scarus s p ,  ( ~ 8 ) .  

The speed and e x t e n t  of  t h i s  movement va r i ed  cons ide rab ly .  

S .  frenatus  qu ick ly  migrated up the r e e f  s lope  and had e s t a b l i s h e d  

home ranges  i n  t h e  c r e s t  r eg ion  a t  a s i z e  of  32 mm T.L. ( F i g .  

6 . 8 ) .  The remaining spec i e s  en l a rged  t h e i r  home ranges u n t i l  t h e y  

occupied a g r e a t e r  p a r t  o f  the reef s l o p e .  S .  b r e v t f t t l s  and 

S. rub~ov toZaceus  and t o  a lesser e x t e n t ,  Scarus s p .  and 

S, s o ~ d t d u s ,  tended t o  occupy sha l lower  reg ions  w h i l s t  S .  n ige r  and 

S .  gibbus u s u a l l y  remained i n  the deeper  a r e a s  ( F i g .  6 . 8 ) .  

S.  n-bger remained i n  t h i s  reg ion  throughout t h e  j u v e n i l e  and e a r l y  



+sauyT py~os pue paqsep aq? Aq paxaaoa sy abuex auoq aqq 30 
quawa Teqoq aq& 'suoraearasqo 6urxnp aqq aqq 30 $05 qsea'l: qe 
quads Tenpwypuy aq? qarq.~ ur eaxe aqq sasseduooua aurT pyfos y 

'Tenp'Farpuy awes aqq 30 axe 9 pup s 'e 

286T A~K !.T-& uan 06 !sn~vue.zg +S E 9 

286~ xaquxaqdas !*T.,L nmt 901: :sn$vue.zd *s = s 

~867: brenrqad !-qa& pnn !snqouedg 'S = o 

2862 dfenxqad twq*& mu 6e tde63u -S E E 

2861 raquaqdas unu 88 i~e63u 'S = z 

P 'ON li 8'9 ur 8V = T 

B 8.9 axnfjrd 

OpnpTeypuy ams eqq 30 axe 9 pue s *O 

286P ~wa*a$ :"TedE; iasln 68 :SYl$DUeJ& .S = 9 

286% LBI :*%*a um 89 trsnwuea% *s = s 

%86% &ZP=C@~~ f'%"& WW ZE fB7l$~ued& '6 = g 

286%: !'To& WJ &S ~~636~~ *&? = E 

286% &?H !'a'& iEU 95 !J~&.K 'S = Z 



,,,,,,,, S. frenatus 

.-.-.-.-.. S. niger 

........................................ Juveniles below 15 mm T.L. 
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adult phases, S. frenatus remained i n  the reef crest region 

throughout the juvenile and early adult phases. S .  gibbus and 

S. rub~ovioLaeeus occupied the reef slope regions as juveniles and 

small adults before moving onto the reef top as large adults. 

S. sordtdus, S ,  breviftLis and Scarus sp. remained i n  the reef 

slope region as juveniles but may move away as adults, (The 

movements of juvenile scarids are described in  more detai l  i n  

Appendix 2 ) . 

Tane observations described above were concentrated i n  one part  

of the No- Reef study s i t e  wi-kh a gently sloping reef slope 

( Q  6 0 " ) .  Limited observations in nearby areas with precipitous reef 

slopes ( @  85O) or with slopes devoid of coral cover, however, d id  

not show any evidence of s i m i l a r  patterns of vert ical  movement. In 

these areas, the reef slope region was devoid of juvenile scarids 

although numerous individuals were found a t  the base of the reef 

slope. 

In the lagoon s i t e ,  movement of small juveniles was limited. A 

few individuals moved from thei r  i n i t i a l  recruitment s i t es  to  the i r  

early juvenile home ranges i n  response t o  attacks from pomacentrids. 

I n  a l l  cases, the distance moved was less than two meters. Although 

these observations were concentrated on S ,  psi%%acus (n=14), 

S. sordidus (n=12 ) and S, rivuLafus ( n=5 ) t h i s  observed behaviour 

appeared to  be consistent for other species, including S. brevtftZts 

( n=3 ), S. svtceps ( ~ 2 )  and S ,  spinus (n=3 ) .  

There was, however, a marked change in the behaviour of the 

individuals w i t h  increasing size.  There is evidence t o  suggest that  

once juvenile S. pstttacus, S. sordidus and S. sivuLatus reach a 
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minimum size o f  approximately 80 mm S . L . ,  t h e y  abandon t h e i r  s m a l l  

home ranges and j o i n  l a r g e ,  h i g h l y  mobile schools .  F i r s t l y ,  

r e l a t i v e l y  l a r g e  S. p s t t t a c u s ,  S .  s o ~ d t d u s  and S. r t v u t a e u s  ( a o v e  

70 t o  90 mm S . L . )  were no longer  obsemed  i n  t h e i r  p r e v i o u s l y  

occupied home ranges .  Secondly, t h e  l a r g e s t  recorded home ranging  

i n d i v i d u a l s  w e r e  84 mm T . L .  i n  S. p s t f t a e u s  and 102 mm T.L. i n  

S. sord tdus  and f i n a l l y ,  l a r g e  mobile schoo%s o f  j uven i l e  scarids 

were p re sen t  i n  t h e  immediate v i c i n i t y ,  b u t  o n l y  inc luded  

i n d i v i d u a l s  above 74 mm T.L. 

Although j u v e n i l e  S ,  sord idus  were recorded r e c r u i t i n g  t o  the 

lagoon d u r i n g  a l l  t h z e e  summer p e r i o d s  examined, and were p r e s e n t  i n  

t h e  previous  two y e a r s  ( H .  Sweatman and G .  Anderson, p e r s .  comm.), 

t h e  l a r g e s t  S .  s o ~ d t d u s  recorded i n  the lagoon s tudy  s i te  (and in 

nearby areas) w a s  1 1 3  mm T .L .  Other  s p e c i e s  which were p r e s e n t  i n  

t h e  lagoon s t u d y  s i t e  a s  j u v e n i l e s  b u t  absent  a s  a d u l t s  i n c l u d e  

S. sp tnus ,  S. d imtd ta tus ,  S .  oviceps  and S. g tbbus .  Th i s  d i s p a r i t y  

sugges ts  t h a t  t h e s e  s p e c i e s  migrate from t h e  area dur ing  t h e  l a te  

juven i l e  phase .  

The observed movement o f  s m a l l  j u v e n i l e  s c a r i d s  is r e f l e c t e d  i n  

t h e  range o f  s u b s t r a t a  over  which v a r i o u s  s i z e  specimens were found 

(Table 6 . 1 2 ) .  From t h e s e  obse rva t ions ,  t h r e e  main t r e n d s  a r e  

apparent  : 

a )  A t  t h e  North R e e f  and lagoon s t u d y  sites, smaller i n d i v i d u a l s  

were f r e q u e n t l y  a s soc i a t ed  wi th  complex s u b s t r a t a ,  w h i l s t  

l a r g e r  i n d i v i d u a l s  were found more o f t e n  i n  open a r e a s .  

b )  Some i n d i v i d u a l s  were found i n  o r  n e a r  pomacentrid t e r r i t o r i e s  

a t  both s t u d y  s i t e s ,  b u t  o n l y  t h o s e  below 22 mm T.L. 



Table 6.12 The s i z e  o f  e a r l y  p o s t - r e c r u i t  s c a r i d s  over  va r ious  
substratum types i n  t h e  North R e e f  and lagoon 
s tudy  sites. 

Locat ion  n 7 Mean T ~ L .  s Range 
i n  m i n  mm 

Open coral. rubble  
Open c o r a l  roc]% 
Bead a rbo rescen t  coral 
Cora l  rubble on s a d  
Xn Eiags~a sp. a lgae  
Algae ove r  dead c o r a l  
Amongst c o r a l  rubble 
In P ,  bac~yma&us t e r r i t o r i e s  
Laying on Ltagsra 
Laying on t u r f  a lgae  

Lagoon i 

Live  c o r a l  
Open c o r a l  rubble 
Algae o v e r  dead c o r a l  
Ha L imeda 
Open c o r a l  rock 
Cora l  rubble on sand 
Soft  c o r a l s  
I n  E. ntgrtcans t e r r i t o r i e s  
Bordering E. ntgrtcans terr 's 
I n  S. apicaLis t e r r i t o r i e s  
Bordering S. apicaLis terr's 

7 - These obse rva t ions  are t h e  pooled obse rva t ions  o f  j uven i l e  
s c a r i d s  recorded du r ing  random samples i n  t h e  lagoon and 
North Reef s tudy  sites from Nov. 1982 t o  Feb. 1983. Some 
i n d i v i d u a l s  may t h e r e f o r e ,  have been recorded on more than  
one occas ion .  
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c )  A close association with algae or algal  covered substrata was 

only noted in individuals below 1 1 . 5  mm T.L .  ( a t  the North 

Reef study s i t e  ) . 

B ) Aggression 

Agg~ession t o  and from three juvenile scarid species a t  t h e  

North Reef and lagoon study s i t e s  are summarized i n  Tables 6 .13  and 

6 . 1 4 ,  and Figures 6 . 9  A and 6.9 B.  Because of a large degree of 

variation in the observation periods, from four to  30 minutes, these 

data are based on pooled, t o t a l  observation periods. The 

interpretation of these data are therefore tentative, although major 

trends are s t i l l  apparent. The relative frequency, nature and 

specfes of pomacentrids attacking juvenile scarids a t  the two study 

s i t e s  are given i n  Table 6,15. It is apparent from these data that :  

a )  Pomaeentrids were the predominant aggressors towards juvenile 

scarids . 
b ) Pomacentrids were more frequently aggressive towards 

S. sordidus and S. frenatus i n  the lagoon than a t  North Reef. 

c )  A larger proportion (82%)  of the pomacentrid attacks i n  the 

lagoon are of a high intensity when compared with the 

proportion ( 30%) a t  North Reef. 

d )  I n  the lagoon, S .  prenatus was attacked less frequently than 

S. sordidus by pomacentrids. 

e )  Pomacentrids d i d  not attack very small scarids. 

f )  A t  North Reef, AcanthuPus Zineatus only consistently attacked 

S. frenatus above 70  mm T . b ,  



T a b l e  6.13 Aggress ive  i n t e r a c t i o n s  sf t h r e e  Scarus spcies. 

Lagoo w f a g o o  n North R e e f  

nI = Number o f  i n d i v i d u a l s .  
0 = T o t a l  o b s e r v a t i o n  times i n  m i n u t e s .  
P = Number o f  a t t a c k s  from p o m a c e n t r i d s  per h o u r .  
A = Number o f  a t t a c k s  from Acanthurus bineatus per h o u r .  
S = Number of attacks upon o t h e r  scarids p e r  h o u r .  

I n  a l l  c a s e s ,  S. sordtdus were i n  s c h o o l s  of 2 t o  10  i n d i v i d u a l s ,  
S .  pstttacus i n  s c h o o l s  o f  4 t o  26, and S. frenat?.us, s o l i t a r y ,  b u t  
o b s e r v a t i o n s  were  based on i n d i v i d u a l s .  



Table 6.14 Aggressive fnteractions of juvenile scarids. 

Locat ion 
Observation time in min. (total, mean) 
Number of observations 
Number of individuals 
S.L. t range 
S.L. t mean * B 
Aggressive Interactions per hourr 
Intraspecif ic 
from scarids : 

to scarids 
From pomacentrids * 
To pomacentrids 
From t 
Acanthurus Ltneatus 
Ctenochaetus strtatus 
Acanthurus ntgrofuscus 
Zebrasoma veLtferum 
Zebrasoma scopas 
Goby 
Blenny 
Labrids 
Centropyge spp 
PseudochsomLs spp 
Stganus sp. 
Scotopsts BtGtneatus 
To r 
Labrids 

S. pstttacus 

N .Reef Lagoon 
757,12.6 1359,22.6 

1 4  2 9 
5 14 

10-116 9.5-105 
55.9542.4 43.8i28.6 

S. frenatus 

N.Reef Lagoon 
2880,48 356,5.9 

45 13 
17 5 

14.5-114 18.5-106 
61.6i34.3 53.9k38.6 

S. sordtdus 

N . Reef Lagoon 
2054,34.2 2011,33.5 

2 8 2 9 
8 9 

11.3-108 19-104 
48.7k32.4 50.3*21.0 

* - Pomacentrid attack rates: 
S. frenatus - lagoon rate , W .  Reef rate? x2 = 9.55, p<0.005 
$. sosdCdlus - lagoon rate , N. Reef rater X" 115 -6, p<0.001 



Figure 6,9 A 

The rpe3iative rates 0% aggression by pomacentrids towards 

juvenile scarids at the lagoon study site. 

(Solid line = S .  sordtdus; dotted line = S. pstttacus). 

Figure 6.9  B 

The relative rates of aggression by pomacentrids and 

Acanthurus Ztneatus towards juvenile S .  frenatus at 

the North Reef study site. 

(Solid line - by pomacentrids; dotted line by A. Ztneatus). 

These graphs are based on the data summarized in Table 6.13. 



ESTIMATED TOTAL LENGTH IN MM 

ESTIMATED TOTAL LENGTH IN MM 



Table 6 .1% The r e l a t i v e  frequency of a t t acks  upon juvenile scar ids  
by various damselfish species a t  t he  North Reef and 
lagoon study s i t e s .  

Species t Number of % of t o t a l  Relative 
a t tacks  f a t tacks  in tens i ty  

North Reef: 

CRrystpfera rex 30 
Iasmacentrus ambotnensts 18 
PLeetrogZyphtdsdon Zacrymatus 8 
Pomaeenfrus wardt 5 
Psmacentrus bankanensis 3 

PZeetrogEyphtBodon Qtcktt 3 
Pomacentrus grammsrhynchus 2 
Abudefduf behnt 2 
Seegastes aptcaLts 1 

Pomaeentrus fZavtcauda 65 
Pomaeentrus grammorhynchus 48 
Pomacentrus wardt 3 3 
Stegastes ntgrtcans 28 
Pomacentrus popet 24 
Pomecentrus ambotnensts 12 
P&ectrogZyphtQodon Zacrymatus 4 
CRrystptera cyaneus 3 

42 LOW 

25 Low 
11 High 

7 High 
4 High 
4 High 
3 High 
3 LOW 

1 High 

High 
High 
High 
High 
Low 
Low 
High 
LOW 

t - Ident i f icat ions  follow Allen (1935 ) and Russell  ( 1983) 
$ - Recorded during home range estimates.  Relative a t tack 

r a t e s  per hour a r e  given i n  Tables 6.13 and 6.14. 
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From observat ions  of t h e  l o c a t i o n  of aggressive i n t e r a c t i o n s  

during home range es t imates ,  it appears t h a t  pomacentrid aggression 

does restrict movement along some boundaries and may r e s u l t  i n  

feeding wi th in  pomacentrid-free a r e a s  ( F i g s  6 . 7  A, B ) .  Home ranges 

were not ,  however, s t r i c t l y  de l inea ted  by pomacentrid aggression,  

although it would be i n t e r e s t i n g  t o  compare home ranges of  juven i l e  

s c a r i d s  with those  of adjacent  pomaeentrids. The mean 8 of  t o t a l  

pomacentrid a t t a c k s  i n  t h e  home range border region i s  only 36.7% 

( 2  15.2; 95% C.I.) a t  North Reef and 44.4% ( 2  1 5 . 8 )  i n  t h e  lagoon 

(North Reef n=20: [lo] S, f renafus ,  (81 S, ntger ,  [Z] S. sordZdus; 

lagoon ~ 1 4 :  [8] S.  sordidus,  663 S ,  p s i t t a c u s ) .  

E )  Algal t r a n s p l a n t a t i o n  experiment 

The mean numbers ( 2  95% C.1.) of juvenile  s c a r i d s  p e r  30 

censuses, feeding on each a l g a l  substratum type  a r e  shown i n  Figure 

6.10.  Scar id  atsundances f o r  each of  the six substratum types ,  from: 

A S. n tg r t cans  t e r r i t o r i e s  

B P.  fZavtcc~uda/P, wardt t e r r i t o r i e s  

C A .  Ztneatus t e r r i t o r i e s  

D Grazed lagoonal  rubble from juveni le  S. sordtdus  and 

S. p s i t f a c u s  home ranges 

E Algal covered rubble from t h e  base  of t h e  reef s lope  a t  North 

Reef 

F Algal covered rubble from t h e  base  of t h e  lagoon r e e f  edge, 

w e r e  a s  fol lows:  A > B > C > 13, E and F (ANOVA, F = 29.037, 

d f  = 5,42, p< 0 .05) .  The r e s u l t s  of  t h i s  study, t h e r e f o r e ,  show 

t h a t  given a choice of  t h e  s i x  substratum types,  (ANOVA, F = 29.037, 



Figure 6.10 

The feeding preferences of juvenile scarids: The mean 

number of juvenile scarids feeding on s ix  experimental 

algal-covered substratum types. 

The s i t e s  from which the algal-covered substratum types were 
removed were: 

A - Prom Stegastes ntgrtcans terr i tor ies  i n  the lagoon. 
B - From Pomocentrus fbavtcauda and or P. ward% terri tories 

i n  the lagoon. 
C - From AcQnthurus 5tneatus terr i tor ies  a t  North Reef. 
D - Grazed coral fragments from w i t h i n  scarid home ranges, 

near the reef edge i n  the lagoon. 
E - Coral rubble from the base of the reef slope a t  North Reef. 
F - Coral rubble from the base of the reef edge i n  the lagoon. 

The mean number of juvenile scarids feeding on each algal-covered 
substratum type, is the mean of eight replicates. I n  each replicate 
the total  number of individuals observed feeding on each substratum 
type during 30 censuses was recorded. The vertical lines indicate 
the 95% confidence l i m i t s .  
The horizontal lines connect those substratum types which d i d  not 
differ  significant.,^ i n  the mean number of scarids observed feeding 
upon them (1-way ANOVA, F = 29.037, df. =. 5,42, pc 0 . 8 5 ) .  



ALGAL-COVERED SUBSTRATUM TYPE 
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df = 5,42,  pc 0.05). This indicates that given a choice of the six 

substratum types, juvenile scarids in the lagoon exhibit a 

preference for substratum type A > B > C > D, E or F. Thus wben 

compared to observed distributions (described in section B, above), 

only S. frenatus and juveniles below 22 mm T.E. fed on preferred 

substrata, whilst most individuals fed on the three least preferale 

substrat-a. 

Notes on the biology of juveniles of several scarid species. 

Because of the within-species and between-location variability 

in the behaviour of juvenile scarids, and the large between-species 

differences in their biology, the results will be partially 

summaxized as accounts of the biology of each species in a given 

location ( Appendix 2 ) . 

6.8 Discussion 

In many respects, the biology of juvenile scarids is similar to 

that of many other reef fish species. In the present study, scarid 

recruitment was highly seasonal, with relative abundances and 

species composition varying markedly between years. Similar trends 

have been reported in numerous other non-scarid species ( e .g .  

Russell e t  a , 1997, Tal3ot e t  aL , , 1978, Williams & Sale, 1981, 

Lassig, 1983, Williams, 1983 and Sale et ab., 1984 a). The species 

composition of recruits at the two study sites showed consistent 

differences. Similar habitat-related differences have been noted in 

several non-scarid species (e.g. Sale et at., 1984 a and Williams, 

1988). More specific micro-habitat differences (as in Lassig, 1977 

and Sweatman, 1983), however, were not noted. Juvenile scarids 
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recruited most often t o  areas of relat ively high topographical 

complexity and, although some species-specific preferences were 

indicated, a large degree of overlap between species was observed. 

This has been reported i n  other studies ( e . g .  Sale e t  az., 1980, 

W i l l i a m s  & Sale, 1981, Sale et aZ . , 1984 b and Shulman, 1984). f n 

the present study, the high estimated mortality rate of early 

post-recruit scarids a t  North Reef is higher than most published 

estimates for other species, although in  these studies, the highest 

morkality rates were also recorded during the early post-recruitment 

period ( e . g . W i l l i a m s ,  1980, Doherty, 1983 and Sale e t  aZ . , 1984 a ) .  

However, the large number of similari t ies  between juvenile 

scarids and other reef f ish species, as outlined above, were 

primarily restricted t o  recruitment and early post recruitment 

events. The biology of juveniles of these species during the 

succeeding year(s)  have received relatively l i t t l e  attention, 

although it is during th i s  period that many important differences 

between scarid species, and between scarids and other reef f i sh  

species become apparent. 

I n  th i s  study, one of the most distinctive features of juvenile 

scarids was the degree of between-species variation i n  the biology 

of individuals above 20 mm T.L. Differences associated w i t h  the 

'sordidus' and 'frenatus* groupings were not detectable. Morphology 

therefore, appears t o  have a limited role i n  determining the biology 

of juvenile scarids above 20 mm T . L .  The observed differences were 

primarily a result of behavioural patterns. The two main areas of 

thei r  behaviour are considered below, these are: a )  individual 

movement and b )  interactions and social behaviour. 



a )  Individual movement 

In scarids, there is limited movement during the f i r s t  Pew days 

after  recruitment and as i n  pomaeentrids (Sale e t  a t . ,  1984 a ) ,  the 

s i t e  occupied a t  th i s  time probably represents the s i t e  chosen a t  

settlement. However, unlike pomacentrids and other species in patch 

reef environments (e .g .  Wi l l i ams ,  198Q and Sale e t  a t .  1984 a ) ,  many 

scarid species do not remain in  the immediate vicinity of thei r  

recruitment s i t e  for exkended periods of time. The extent of 

movement by juvenile scarids varied considerably and appeared t o  

depend upon both the species considered and the habitat studied 

(Appendix 2). Some species (e .g .  S ,  frenatus and S. n%ger) a t  North 

Reef, joined adult harems i n  the region where they recruited. Their 

home ranges may include their  recruitment s i t e  and to t a l  movement 

was probably less  than 3Q m a w a y  from th i s  point (with the possible 

exception of reproductive migrations), 

Many species joined mobile schools ( e . g ,  S ,  pstttacus, 

S. ~ tvu t a tu s  and Scarus s p , )  which moved over considerable distances 

( >50 m )  whilst feeding. Some species ( e  .g. S .  sordtdus, and 

possibly, S .  dtmtdtatus and S. oviceps) i n  the lagoon, appeared t o  

migxate large distances during the juvenile phase. The lack of 

large juvenile (9110 mm T . L . )  or adult S .  S O ? - ~ % ~ U S  i n  the lagoon a t  

Lizard Island, despite large numbers of small juveniles, suggests 

that  th i s  species migrates considerable distances, in excess of 

250-500 m, away from its recruitment s i t e .  This movement is a 

permanent migration not a diurnal migration as reported i n  some 

Caribbean species ( e . g .  Winn e t  a ,  1964 and ogden & Buekman, 

1973 ) . 
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These differences w i l l  have important implications in reef fish 

management and i n  the interpretation of observations of reef fishes 

based on comparisons between the abolndances of juveniles and adults 

within restricted study areas. 

It is interesting t o  note that  the loss of S. s o r d t d u s  from the 

lagoon which occurred a t  a s ize of about 110 mm T.L,, corresponds 

with the smallest size a t  which S. s o r a t d u s  possesses a f u l l  

complement s f  ' b i t i n g ~ o r p h o l o g i e a l  features (Chapter 2 )  and a t  

which it f i r s t  begins t o  feed as a ' b i t e r ' ,  This supports the 

suggestion i n  Section 5 . 8  that  the absence of adult S, s o r d i d u s  in  

the lagoon is correlated with the relative availabil i ty of small 

convex surfaces i n  th i s  area, 

Interactions and social behaviaur 

Juvenile scarids are subject to  numerous intra- and 

interspecific interactions that  vary in both nature and intensity 

throughout the juvenile phase. There are, however, three areas of 

particular interest and potential importance. These are considered 

separately below: 

1) I n  the early juvenile phase, some scarid species appear t o  

have an association with the ter r i tor ies  of some pomacentrid 

species, In the present study, it was not possible t o  determine 

whether juvenile scarids preferred to  se t t l e  or l ive i n  pomacentrid 

t e r r i to r ies  during the early post-recruitment period. Some species 

were frequently found i n  pomacnetrid ter r i tor ies ,  whilst others were 

not (Appendix 2 ) .  These differences may have been the result of 

variations i n  the abundance s f  t e r r i t o r i a l  pomacentrids i n  the areas 



427 

in which various scarid species recruited, in addition to 

species-specific differences in the selection of recruitment sites. 

Of those species commonly associated wttk pomacentrid territories 

(5.e. S. so~=dtdus, S .  frenatus and to a lesser e-ent, 

S ,  psttfacus, J. sptnus and Scurus sp.), an association appears to 

be favoured by the scarid as the scarid home range often remained 

entirely within the pomacentrid territory, despite the availability 

of comparable areas of substratum nearby. This suggests that the 

scarids selected areas within pomacentrid territories rather than a 

particular substratum type which is also selected for by some 

pomacentrids. The pomacentrids with which scarids are apparently 

associated are typified by highly territorial behaviour, territories 

in areas of topographical complexity and the formation of a rich 

algal 'lawn' within their territories. These species include 

Stegasfes ntg~tcans, S. aptcaL6s and PbectrogLyphtdodon Lacrymatus. 

The potential advantages for scarids living within the 

territories of such species are quite clear: 

A) Pomacentrid territories with associated algal lawns have an 

increased abundance of benthic crustacea (Lobel, 1980) which 

form the major food items of recently recruited scarids 

( Section 6 . 3  ) . 
B) Pomacentrid territories with associated algal lawns have an 

increased availability of benthic turf algae (Lobel, 1980) 

which form the major food item of juvenile scarids above 18 mm 

T .E .  (Section 6.3 ) and form a preferred feeding substratum 

for many juvenile Scarus species (Section 6.7). 

C) Some territorial herbivorous pomacentrid species are 

aggressive towards piscivorous species (Thresher, 1976 and 
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Donaldson, 1984) and may therefore reduce potential predation 

to small scarids living within a pomacentrid's territory. 

Recently recruited scarids probably remain in the pomacentrid 

terr~tories as 'parasites' as they are vigorously excluded above 

IS-18 mm T.L. A similar situation has been described involving 

blennies in Acanthurus soRaL territories (Roberts, 1985). This 

associatkon between scarids and pomacentrids may greatly enhance the 

survival of juvenile scarids during the short but highly vulnerable 

early post-recruitment phase. This relationship between 

pomacentrids and early post-recruitment scarids would be a 

parkicularly rewarding area for future studies. 

2) In larger juveniles, distinct site-related differences in 

bekaviour were apparent. At the North Reef study site, there was a 

large area available for grazing by juvenile scarids, with 

relatively abundant cover and low numbers of aggressive 

pomacentrids. In this area, juvenile scarids were typically 

solitary, occupied relatively large home ranges and experienced few 

agonistic encounters with other species. This behaviour was 

observed in many species, including those which often formed schools 

in other areas (e.g. 5. so~dtdus and Scarus sp,). In contrast, in 

the lagoon study site, small juveniles were primarily restricted to 

small home ranges in a narrow pomacentrid-free area on the edge of 

the reef. Nearby areas were relatively free of pomacentrids but had 

law cover, whilst on the reef edge where cover was more abundant, 

aggressive pomacentrids were numerous. Larger juveniles apparently 

left their small home ranges and moved over extensive areas in large 

schools. Throughout the juvenile phase, most species were in groups 
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and were subject t o  consistent attacks from t e r r i t o r i a l  

pomacentrids. 

The differences in the behaviour of juveniles a t  the two s i t e s  

appeared t o  be primaxily a result: of different species compositions 

a t  these s i t es .  A t  North Reef, most species were solitary, whilst 

those i n  the lagoon were primarily schooling. Schooling i n  t h i s  

area presumably decreases predation i n  areas of low cover (chapter 

4 )  and map also enable these individuals t o  swamp pomacentrid 

ter r i tor ies .  It must be noted, however, that  i n  th i s  study, 

pomacentrid aggression was less than that  noted i n  the Caribbean by 

Robertson e t  az. (1976) .  

Despite these species related differences, similar differences 

in  behaviour were noted in some species tha t  occurred a t  both study 

s i t e s .  S, so~didus and Scarus sp.,  for example, were typically 

soli tary or i n  small (1-3) groups a t  North Reef, but joined larger 

groups i n  the lagoon. This suggests that  the behavioural pattern 

observed a t  the 2 s i t e s  may be, in  par t ,  the result of local  

conditions, possibly associated with available cover and pomacentrid 

concentrations. 

Overall, juvenile scarid behaviour and social interactions are 

complex, and are probably site-, species- and density-dependent. It 

is di f f icul t  t o  make generalizations and observed differences 

underline the need for caution in  interpreting behavioural 

observations made on a species i n  a single habitat type, 
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3 )  Of a l l  the types of interactions and social behaviour of 

juvenile scarids, those of S ,  f renatus  stand out as being 

particularly unusual. First ly,  they were the only t e r r i t o r i a l  

juvenile scarids observed. Secondly, they had relatively low 

feeding rates and few bites per foray and thirdly, they were able t o  

feed within pomacentrid and Acanthurus Ltneutus t e r r i to r ies  without 

e l ic i t ing aggressive behaviour, whilst other similarly sized Scarus 

species were vigorously excluded, 

It is suggested that ,  a t  North Reef, S ,  f renatus  behaves a s  a 

mimic. I t  does not, however, appear t o  mimic any specific species, 

but rather a generalized, t , e .  carnivorous, labrid. This represents 

a form of antergic-defensive mimicry ( s e n s u  Vane-Wright, 1976)  but 

differs  from the typical Batesian mimicry in that the models are not 

necessarily repellent, This suggestion is supported by the 

following observations : 

A )  The colour patterns of juvenile S. frenatus  are distinctive 

and di f fer  markedly from the 'typical' uniform or  striped 

scarid pattern. The longitudinal stripes on the head, i n  

particular,  give the snout a more pointed labrid-like 

appearance (Chapter 4 ) .  

B )  The feeding rate (bites/min.) and number of b i tes  per foray of 

S .  frenazus were both markedly lower than those of other 

Scarus species (Section 6.3), and bore a stronger resemblance 

t o  the feeding behaviour of small labr5ds (pers. obs . ) .  

I t  is  thought that the mimetic behaviour of S .  f r ena tus  enables 

it to  feed in the ter r i tor ies  of t e r r i t o r i a l  herbivores. There are 

two behavioural characteristics of S ,  f renatus  which would 
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potentially enhance such a mimetic strategy: a )  the maintenance of 

a relatively large home range/territory, which decreases its 

exposure to  any single t e r r i t o r i a l  herbivore and thereby decreases 

the benefits t o  be gained by the individual t e r r i t o r i a l  herbivore i n  

excluding juvenile S. frenatus, and b )  t e r r i t o r i a l  behaviour, which 

decreases the abundance of other juvenile scarids within the 

S .  frenatus ter r i tory .  

Although it is possible that  the t e r r i t o r i a l  behaviour of 

S .  frenatus may benefit local t e r r i t o r i a l  herbivores (cf. Robertson 

E Polunin, 1981, who describe such relationships as symbiotic), the 

function of the behavioural patterns of S. frenatus outlined above 

are thought to  be of a simple nature which enables S .  frenatus t o  

parasitize the food resources of local t e r r i t o r i a l  herbivores. In 

laboratory experiments, Eosey (1982)  has shown that  a decrease i n  

the exposure of a t e r r i t o r i a l  pomacentrid t o  grazing herbivores also 

decreases the agonistic response of that individual towards 

individuals grazing within i ts  ter r i tory .  It is therefore possible 

that  by excluding small scarids from i ts  ter r i tory ,  and by i ts own 

mobile behaviour, juvenile S .  frenatus confers upon i t se l f  a similar 

advantage. 

The potential advantages t o  juvenile S .  frenatus are clear.  By 

looking and feeding l ike a labrid and possibly decreasing agonistic 

levels of local t e r r i t o r i a l  herbivores towards juvenile scarids, 

juvenile S ,  frenatus are able to  feed i n  pomacentrid and A. Lineatus 

t e r r i to r ies  a t  sizes greater than that a t  which other juvenile 

scarids are vigorously excluded. Pomacentrid and A. Ltneatus 

t e r r i to r ies  both contain preferred feeding substrata for juvenile 



scarids (Fig. 6.10), probably as these both contain relatively 

large standing crops of algae (Robertson e t  az . ,  1979 and Lobel, 

1980), which i n  pomacentrid t e r r i to r ies ,  include relatively easily 

digested algal species ( Eassuy, 1980 ) , 

I n  addition t o  rich food resources, the t e r r i to r ies  of 
. 6. 

herbivores may also be desirable feeding areas as a result  of 

decreased potential predation, as some piscivorous predators are 

attacked or excluded by the ter r i tory  holders. Th i s  behaviour has 

been reported i n  several pomacentrid species (Thresher, 1976, 

Ebersole, 1977 and Donaldson, 1984) and was observed in A .  Ztneatus. 

( I n  the present study A ,  Ztneatus were observed t o  exclude 

Ptectropornus teopa~dus from the i r  t e r r i to r ies  on two occasions [= 

1.2 % sf observed attacks by A .  Etneatus] ). 

I n  concfusion, therefore, it appears that  5 ,  frenatus is able 

t o  mimic labrids and that  it u t i l i zes  th i s  mimicry t o  deceive 

t e r r i t o r i a l  herbivores, enabling it to  feed within thei r  
I 

t e r r i to r ies ,  

The present study has revealed many interesting facets of the 

biology of juvenile scarids. How-ever, the study has two main 

limitations. -Firstly, only a limited number of observations were 

undertaken of each species a t  each size, these often being of a 

qualitative nature, and secondly, the observations were primarily 

restricted t o  two locations, t.e. the North Reef and lagoon study 

s i t es ,  i n  a  single reef system, t , e ,  Lizard Island. 



Despi te  t h e s e  problems, t h e  observa t ions  i n  t h i s  s tudy  a r e  o f  

va lue  e s p e c i a l l y  a s  a basis f o r  f u r t h e r  obse rva t ions  and i n  

a s s i s t i n g  t h e  i n t e r p r e t a t i o n  o f  o t h e r  s t u d i e s .  The t h r e e  main 

advantages o f  t h e  p r e s e n t  s t u d y  are: 

a )  A s  a r e s u l t  o f  t h e  taxonomic d e s c r i p t i o n s  o f  j uven i l e  searids 

i n  th is  s tudy ,  m o s t , s p e c i e s  could be i d e n t i f i e d  i n  t h e  f i e l d ,  

and i n  some s p e c i e s  i n d i v i d u a l s  could be a c c u r a t e l y  i d e n t i f i e d  

sho rk ly  after r ec ru i tmen t .  

b )  Many known i n d i v i d u a l s  were followed s o  a c t u a l  movement, 

growth and behavioura l  changes e t c . ,  could be observed, r a t h e r  

t han  be ing  i n f e r r e d  from t r a n s e c t s  o r  censuses .  

e) A l l  observa t ions  were on a n a t u r a l  r e e f .  Artificial s u b s t r a t a  

w e r e  no t  used and d i s t u r b a n c e  t o  t h e  environment was minimal. 

The observa t ions  i n  t h i s  s tudy  t h e r e f o r e ,  p robably  r ep re sen t  

n a t u r a l  even t s .  
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CONCLUDING DISCUSSION 

I n  t h i s  las t  s e c t i o n ,  t h e  r e s u l t s  o f  t h e  p r e v i o u s  s e c t i o n s  w i l l  

be d i s c u s s e d  i n  f o u r  parts: namely, 

1) The r e l a t i o n s h i p  between the f u n c t i o n a l  morphology and t h e  

b e h a v i o u r a l  e c o l o g y  o f  s c a r i d s ,  

2 )  The r o l e  o f  a d u l t  scarids i n  the c o r a l  reef f i s h  community, 

3 )  A comparison sf the b i o l o g y  of j u v e n i l e  and a d u l t  scarids, and 

4 )  S c a r i d  zoogeography and s p e c i a t i o n .  

The s u g g e s t e d  d i r e c t i o n s  f o r  f u t u r e  s t u d i e s  are also o u t l i n e d .  

1) The r e l a t i o n s h i p  between t h e  f u n c t i o n a l  morphology and 

b e h a v i o u r a l  eco logy  o f  s c a r i d s .  

I n  t h i s  s t u d y ,  a s t r o n g  c o r r e l a t i o n  was found between the 

f u n c t i o n a l  morphology and b e k a v i o u r a l  e c o l o g y  o f  scarids. T h i s  

c o r r e l a t i o n  was observed  i n  f i v e  genera/groups  o f  a d u l t  s c a r i d s :  

C e t o s c a r u s ,  BoZbometopon, Hdpposcarus,  the ' s o r d i d u s '  g roup  and the  

' f r e n a t u s '  group,  and t h r o u g h o u t  the ontogeny o f  j u v e n i l e s  i n  the 

' s o r d i d u s '  and ' f r e n a t u s '  g r o u p s ,  S i m i l a r  c o r r e l a t i o n s  have been  

r e c o r d e d  f r o m  a wide range  o f  f i s h  groups  (e.g. J o n e s ,  1968, De 

M a r t i n i ,  1969, Emery,  1973, C h r i s t e n s e n ,  1978, Motta, 1980 and 

S t o n e r  & L i v i n g s t o n ,  1 9 8 4 )  and there a p p e a r s  t o  be a relatively 

c o n s i s t e n t  r e l a t i o n s h i p  between t h e  f u n c t i o n a l  morphology and 

b e h a v i o u r a l  e c o l o g y  o f  a species. 

There  are, however, l i m i t s  t o  t h e  e x t e n t  o f  t h i s  r e l a t i o n s h i p ,  

tha t  is, i n  t h e  p r e d i c t i v e  v a l u e  o f  f u n c t i o n a l  morphology i n  

d e t e r m i n i n g  the b e h a v i o u r a l  e c o l o g y .  I n  t h e  p r e s e n t  s t u d y ,  f o r  

example,  t h e  behav iour  o f  j u v e n i l e  S ,  f r e n a t u s  differed markedly  



from t h a t  of a species with a s imi la r  morphology and was more 

similar t o  t h a t  of a species with a d i f f e r en t  morphology. 

From t h i s  study, it is concluded t h a t  analyses of t h e  

functional morphology of a s t ruc ture  can determine i ts  functional 

capab i l i t i e s ,  although t h e  application of t h e  s t ruc ture  remains 

dependent upon t h e  behaviour of t he  organism within these  funct ional  

cons t ra in t s .  The ecological  s ignif icance of a s t ruc ture  i s  

therefore  dependent upon both t h e  funct ional  capab i l i t i e s  of t h e  

s t ruc ture  and the  behaviour of t h e  animal i n  re la t ion  t o  t h a t  

s t ruc tu re .  

There a r e  cur ren t ly  two hypotheses concerning the  ro l e  o f  

morphology i n  t he  regulation of t h e  d i e t  of f i shes .  Chao and Musick 

(1979) suggested t h a t  d i f ferences  i n  t he  food hab i t s  of f i shes  a r e  

t h e  r e su l t  of d i f f e r e n t  morphological constra ints ,  and not t h e  

r e s u l t  of se lec t ive  feeding. Conversely, Liem (1980) suggested t h a t  

feeding reper to i res  a r e  extremely f l e x i b l e  and r e l a t i v e l y  

independent of jaw morphology, a suggestion which is ,  i n  p a r t ,  

suppo*ed by Stoner and Livingston (1984) .  

The observations i n  t he  present study suggest t h a t  a compromise 

between the  two hypotheses i s  probably most applicable.  Behavioural 

f l e x i b i l i t y  may determine t he  d i e t ,  but  only within c e r t a i n  

morphological. cons t ra in t s .  

In  scar ids ,  t he  re la t ionship between t h e  functional morphology 

and the  behavioural ecology of juveniles appears t o  d i f f e r  s l i g h t l y  

from t h a t  of adu l t s .  In  adul ts ,  t he  funct ional  morphology and 

behavioural ecology a r e  s t rongly cor re la ted ,  presumably, as 



efficient  feeding is of primary importance, i n  order t o  maximise the 

energy and/or time available for  reproduction. I n  juveniles above 

2 0  mm T . L . ,  the correlation between morphology and behaviour w a s  

limited and a large degree of between-species variation i n  behaviour 

was observed. I n  almost a l l  cases, however, the behavioural traits 

appeared t o  be related t o  predation-avoidance (Chapter 4 ) .  This 

suggests that  in juveniles, predation-avoidance is of primary 

importance. A s  similar studies of other reef f ish families are 

lacking, comparisons between juvenile and adult phases of other 

species i n  terms of thei r  functional morphology and behavioural 

ecology are therefore recommended. 

2 )  The role of scarids i n  the coral reef fish community. 

There are four major herbivorous f ish families on coral reefs, 

the Scaridae, Acanthuridae, Siganidae and Kyphosidae. Other 

families with some herbivorous species include the Pomacentridae, 

Blenniidae and Pornacanthidae. Scarids are one of the most abundant 

groups of herbivorous reef fishes in  the central Great Barrier Reef 

region (Williams, 1982, W i l l i a m s  & Hatcher, 1983 and Russ 1984 

a,  b ) .  Scarids are also one of the most numerically dominant groups 

of herbivorous reef fishes a t  other geographic local i t ies ,  including 

the southern Great Barrier Reef (Choat & Robertson, 1975), the 

Indian Ocean (Robertson f Polunin, 1981), the Red Sea 

( Bouckon-Navaro & Harmelin-Vivien , 1981 ) , Hawaii ( Brock, 1982 ) and 

the Caribbean (Lewis & Wainwright, 1985).  It  i s ,  therefore, no 

surprise that  the scarids have often been reported as an important 

group of grazers on coral reefs.  



I n  r ecen t  yea r s ,  he rb ivo ry  and herb ivore-a lga l  i n t e r a c t i o n s  on 

c o r a l  r e e f s  have rece ived  i n c r e a s i n g  a t t e n t i o n .  Seve ra l  s t u d i e s  

have examined herb ivory  on c o r a l  r e e f s  ( e . g .  Ogden & Lobel, 1978, 

Hatcher ,  1981, L i t t l e r  e t  aL., 1983, Hay, 1981, Hay e t  az., 1983 and 

L e w i s  & Wainwright, 1985 ) . I n  almost a l l  cases, however, s c a r i d s  

have been grouped t o g e t h e r  and t h e i r  e f f e c t s  judged as a whole, 

o f t e n  a long  wi th  a e a n t h u r i d s ,  

One of  t h e  most impor tan t  conclus ions  t h a t  can  be drawn from 

the p r e s e n t  s tudy  i s  t h a t  t h e  s c a r i d s  can not  be considered as a 

uniform group, as p r e v i o u s l y  be l i eved  (e.g. Goldman & Talbot ,  1976 

and S a l e ,  1997) .  Sca r id  s p e c i e s  may be taxonomica l ly  similar, b u t  

t h e y  d i f f e r  markedly i n  t h e i r  func t iona l  abili t ies and t h e i r  

behaviour  . The s p e c i e s  composition o f  a group of  s c a r i d s ,  

t h e r e f o r e ,  w i l l  markedly i n f l u e n c e  t h e  r o l e  of  t h a t  group i n  t h e  

r e e f  f i s h  community, B i t e s ,  f o r  example, ( a s  i n  Hatcher 1981 and 

Steneck,  1983) a r e  no t  uniform u n i t s  between species. 

S c a r i d s  d i s p l a y  a w i d e  range o f  feeding  s t r a t e g i e s .  These 

inc lude :  c o r a l  p reda t ion ,  s eag ras s  and a l g a l  browsing, a l g a l  

g raz ing  ( b i t i n g  and s c r a p i n g )  and sand i n g e s t i o n .  Some o f  t h e s e  

s t r a t e g i e s  ove r l ap  wi th  t h o s e  o f  s p e c i e s  i n  o t h e r  f a m i l i e s  i nc lud ing  

t h e  Tet raodont idae ,  Acanthuridae,  Siganidae and Kyphosidae. The 

r e s u l t s  of t h e  p r e s e n t  s t u d y  enable  t h e  f eed ing  s t r a t e g i e s  o f  many 

s c a r i d  s p e c i e s  t o  be as ses sed ,  a l though f u r t h e r  ana lyses  i n  o t h e r  

geographic l o c a t i o n s  are requ i r ed .  A s i m i l a r  s t udy  of  the 

Acanthuridae by Jones (1968)  enab le s  some comparisons t o  be made 

between t h e s e  two major groups.  



I n  studies of herbivory on coral reefs, it is important that  a 

suitable scale i s  chosen t o  answer the questions asked or that  the 

scale used is taken into account when interpeting the results .  

These include not only spatial  and temporal scales but also the 

taxonomic scale. En terms of the herbivorous reef fish population 

structure, for  example, large differences have been reported a t  a l l  

spatial  scales examined, from geographic scales t o  local i t ies  within 

reef zones (Williams, 1982, Williams & Hatcher, 1983, Russ, 

1984 a, b, Lewis & Wainwright, 1985, and Choat & Bellwood, i n  

press) ,  Herbivorous grazing rates also vary greatly between areas 

and within locations (Hay, 1981, Hay et at., 1983 and Lewis f 

Wainwright, 1985 ) . 

En terns of herbivory and the behaviour of herbivorous reef 

fishes, important differences also occur a t  a much smaller spat ia l  

scale, d . e .  bi te  sized. The importance of these differences and the 

need for observations which are based, taxonomocally, a t  the species 

level is exemplified i n  the present study of scarid bioerosion. 

Scarid bioerosion rates are dependent upon the species present i n  

the scarid community, their  sizes, abundances and thei r  b i t e  form. 

The l a t t e r  parameter can only be assessed when feeding behaviour i s  

2 analysed a t  a small (m ) scale. A knowledge of species-related 

differences in  these small scale events enables enables estimates of 

scarid bioerosion t o  be made over wide geographic ranges. I n  

addition, it may be able t o  explain the apparent species specific 

nature of some aggressive interactions. As a consequence, it 

enables the scarid community t o  be more accurately divided in to  

functional guilds or groups for more generalized comparisons. 



It i s  therefore recommended that  the choice of the relevant 

scales be considered carefully i n  future studies of herbivorous reef 

f ishes.  Studies of herbivory by reef fishes must consider feeding 

events a t  a bite-sized scale i n  addition t o  broader scale 

observations. A t  the taxonomic scale, the only observations which 

can  give an accurate estimate of the herbivorous reef f ish community 

axe those a t  the species level. Some subdivision of the herbivorous 

f i s h  community may be desirable, but i n  t h i s  case, feeding guilds 

rather than taxonomic groupings are most useful. 

Subdivisions based on feeding guilds require a knowledge of the 

species composition and the feeding biology of each species, 

including i t s  functional morphology-, feeding behaviour and digestive 

physiology. There i s ,  however, a need for more detailed studies of 

the feeding biology of herbivorous reef f ish species, If major 

ontogenetic trends i n  the feeding biology of herbivorous reef fishes 

are found, then analyses of herbivorous reef f ish communities m u s t  

include some indication of species size class compositions. 

From the observations of adult scarids i n  t h i s  study, two areas 

of particular interest for  future studies are apparent. First ly,  

what is the relationship between the major herbivorous groups on 

coral reefs? This includes both f ish and invertebrates. A 

correlation between the absence of herbivorous fishes and the 

abundance ofDiaderna on Caribbean reefs, for example, has been 

suggested (Hay & Taylor, 1985) .  A comparison of the feeding biology 

and ecology of species from different f ish families within major 

herbivorous feeding guilds may therefore be particularly rewarding. 
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Secondly, what influences the distribution and abundance s f  

adult scarids? Although recruitment patterns and early 

post-recruitment mortality rates are probably of primary importance, 

especially i n  sedentary species, what inflences the distribution and 

abundance of the more mobile species? observations i n  the present 

study, for example, suggest that some species may be influenced by 

the form of the substratum (Chapters 5 ,  6 B ) .  

overall, one can conclude that  scarids have a wide range of 

roles i n  the coral reef fish community. Some roles are  

species-specific, other are more general. The major roles of 

searids i n  the Great Barrier Reef region are outlined below, with a 

note s f  the species specificity: 

1) 2Ls a major prey item for many piscivorous fishes: t h i s  

encompasses most Scarus species. 

2 )  A s  coral predators: th i s  is  restricted almost exclusively t o  

8 .  murieaturn, 

3 )  A s  herbivores feeding primarily upon turf  algae. T h i s  

includes : 

a )  Browsers, primarily Catotomus carotinus and probably 

Leptoscapus vafgtensts, feeding predominantly on marine 

angiospem and/or macrodlgae, 

b )  Biting grazers, including i r .  muricatum, C. btcobor and 

'sordidus' group species, feeding on turf algae and 

possibly endolithic growths, 

c )  Scraping grazers, t . e .  'frenatus' subgroup 'b' species, 

feeding predominantly on turf  algae, 

d )  Sand-ingesting scraping grazers, 5.e.  species i n  the 



' f r e n a t u s '  subgroup a ,  f e e d i n g  upon t u r f  a l g a e  and the 

s u r f  ace o f  open s a n d .  

4 )  As B i o e r o d i n g  a g e n t s .  B i o e r o s i o n  is p r i m a r i l y  a r e s u l t  o f  

f e e d i n g  by C ,  b t e o t o s ,  8 .  mustcaturn and ' s o r d i d u s '  g roup  

species. 

5 )  As p r e d a t o r s  o r  i n d i r e c t  a g e n t s  which modify the s t a n d i n g  c r o p  

and species compos i t ion  o f  a l g a e  and b e n t h i c  i n v e r t e b r a t e  

communit ies .  

3 )  A comparison o f  the b i o l o g y  o f  j u v e n i l e  and a d u l t  scarids. 

The p r e s e n t  i n v e s t i g a t i o n  o f  the  b i o l o g y  o f  j u v e n i l e  scarids 

was o f  a p r e l i m i n a r y  nakure .  However, it has r e v e a l e d  s e v e r a l  

i n t e r e s t i n g  t r e n d s ,  the most i m p o r t a n t  o f  t h e s e  b e i n g  the marked 

d i f f e r e n c e s  between the s t r a t e g i e s  o f  j u v e n i l e ,  I P  and TP s t a g e s .  

I n  j u v e n i l e s ,  the c o l o u r  p a t t e r n s ,  s o c i a l  b e h a v i o u r  and  f e e d i n g  

bekavioum a l l  a p p e a r  t o  f u n c t i o n  p r i m a r i l y  as preda t ion-avo idance  

mechanisms. In IP i n d i v i d u a l s ,  some similarities i n  t h e  

non- reproduc t ive  c o l o u r  p a t t e r n s ,  s o c i a l  b e h a v i o u r  and f e e d i n g  

b e h a v i o u r  s u g g e s t  t h a t  p reda t ion-avo idance  may c o n t i n u e  t o  be o f  

major  impor tance ,  a l t h o u g h  the c o r r e l a t i o n  between f e e d i n g  b e h a v i o u r  

and morphology a t  t h i s  s t a g e  s u g g e s t s  that f e e d i n g  e f f i c i e n c y  is  o f  

i n c r e a s i n g  impor tance .  I n  TP i n d i v i d u a l s ,  f e e d i n g  e f f i c i e n c y  

c o n t i n u e s  t o  be o f  importance a l t h o u g h  a t  t h i s  s t a g e ,  r e p r o d u c t i v e  

s u c c e s s  a p p e a r s  t o  be o f  p r i m a r y  impor tance .  The t y p i c a l l y  gaudy 

c o l o u r  p a t t e r n s  and s o l i t a r y  or  t e r r i t o r i a l  b e h a v i o u r  o f  TPs 

p r o b a b l y  h a v e  a r e p r o d u c t i v e  f u n c t i o n  (Choat  & Rober t son ,  1995) .  

P reda t ion-avo idance  t h e r e f o r e  a p p e a r s  t o  be o f  s e c o n d a r y  impor tance  

t o  TP i n d i v i d u a l s .  



The reasons for these differences are relatively clear.  

searids are eaten by a wide range of piscivorous fishes including 

muxaenids (Winn & Bandach, 1959) ,  scorpaenids (Hiatt  & Strasburg, 

$960 ), serranids ( Choat , 1968 ), carangids (Popova & S ' erra, 1983 ) , 

sharks ( Stevens, 1984) and synodontids (Chapter 4 ) .  I n  addition, 

the estimated 77% mortality of juvenile scarids i n  34 days a t  North 

Reef suggests that  juvenile mortality rates may be particularly 

high. The high potential predation pressure upon smaller prey on 

reefs was also noted lay Choat & Robertson (1975) .  I n  addition, from 

the theoretical analyses of Meats (1971) ,  it is apparent that  

predation events are not a l l  of equal importance. Pre-reproductive 

mortality is  more important t o  an individual than post-reproductive 

mortality, i n  ternas of its reproductive output. The most important 

factor influencing the biology of scarids therefore changes from 

survival a t  small sizes t o  reproduction a t  large sizes. The various 

factors influencing the biology of scarids during the three 

post-larval l i f e  stages are summarized i n  Table 7.1. 

I n  the present study, as i n  other studies, the importance of 

the juvenile phase i n  the biology of a species is apparent. I n  the 

past,  most studies of the biology of reef fishes were restricted t o  

the adult phase. I n  the l a s t  decade, however, the importance of 

recruitment and early post-recruitment events have become 

increasingly apparent. The spatial  and temporal variabil i ty i n  the 

recruitment of coral reef fishes are both well established (Talbot 

e t  az., 1978, Wil l iams,  1980, 1983 and Sale e t  aZ., 1984 a ) .  These 

factors, acting i n  concert with selectivity of recruitment s i t es  by 

se t t l ing larvae and post-recruitment mortality w i l l  markedly a l t e r  

the composition of reef f ish assemblages. The biology of juveniles 



T a b l e  7 . 1  A summary o f  t h e  b i o l o g i c a l  f a c t o r s  i n f l u e n c i n g  t h e  
three pos t - l a rva l  f i f e  s t a g e s  of  s c a r i d s .  

s t a g e  : Juveni  be In i t ia l  Terminal 
phase phase phase  

M o r t a l i t y  rates Q 

S i g n i f  i eance  of 
m o r t a l i t y  $ 

Funct ion of  t h e :  

Colour p a t t e r n  pp 

Feeding 
behaviour  % $  

S o c i a l  behaviour  

Ind iv idua l  energy  
requirements  f o r :  

Growth 

High 

High 

Low Low 

High->Low * Low 

Decrease Decrease I n c r e a s e  
p reda t ion  p reda t ion  r ep roduc t ive  

s u c c e s s  

Decrease Inc rease  ~ n c r e a s e  
preda t ion?  feeding  f eed ing  

e f f i c i e n c y  e f f i c i e n c y  

Decrease Decrease I n c r e a s e  
p reda t ion  p reda t ion  r ep roduc t ive  

succes s  

High High- > Low N i l  

Reproduction N i l  High Low-High ** 

+' - Sec t ion  6 . 8  and p e r s .  obs .  
$ - Meats (1971)  

tt - Chapter 4, Randal l  & Choat (1980)  and p e r s ,  obs .  
$ $  - Chapters  4, 5 and 6 
* - Depending on t h e  i n d i v i d u a l s  a g e / s i z e  

** - Depending on t h e  season 



t h e r e f o r e ,  encompasses s e v e r a l  major  s t a g e s  i n  t h e  b i o l o g y  of t h e  

species as a whole. I n  scarids, these i n c l u d e  a change-over f r o m  

c a r n i v o r y  t o  h e r b i v o r y  and marked morpholog ica l  d i f f e r e n t i a t i o n .  

These e v e n t s  a t  r e c r u i t m e n t  and d u r i n g  the  j u v e n i l e  phase  can  

i n f l u e n c e  the d i s t r i b u t i o n  and abundance of a d u l t s ,  which may i n  

t u r n  d e t e r m i n e  the b e h a v i o u r a l  p a t t e r n s  o f  t he  a d u l t s ,  i n c l u d i n g  

t e r r i t o r i a l i t y  (Buckman & Ogden, 1973, C h a p t e r  5 )  and r e p r o d u c t i v e  

s t r a t e g i e s  (Warner,  1984). 

Although the b i o l o g y  o f  j u v e n i l e  reef fishes has received 

c o n s i d e r a b l e  a t t e n t i o n  i n  r e c e n t  y e a r s ,  many o f  the s t u d i e s  h a v e  

been  r e s t r i c t e d  t o  g s m a c e n t r i d s ,  p a r t i c u l a r l y  i n  l a g o o n a l  h a b i t a t s .  

Coxnparabfe s t u d i e s  o f  species i n  o t h e r  f a m i l i e s  and i n  o t h e r  reef 

z o n e s  are n e c e s s a r y .  I n  par-kicular ,  o b s e r v a t i o n s  o f  t h e  

d i s t r i b u t i o n  and abundance o f  r e c r u i t s ,  early p o s t - r e c r u i t s ,  

j u v e n i l e s  and a d u l t s  o f  l a r g e  h e r b i v o r o u s  species would be 

i n t e r e s t i n g  as a c o n t r a s t  t o  p r e v i o u s  s t u d i e s  which c o n c e n t r a t e d  on 

smaller species. The p r e s e n t  s t u d y  has shown marked d i f f e r e n c e s  i n  

the b i o l o g y  o f  e a r l y  p o s t - r e c r u i t ,  j u v e n i l e  and a d u l t  s c a r i d s .  

Al though j u v e n i l e  scarids resemble o t h e r  reef species i n  many ways, 

some i m p o r t a n t  d i f f e r e n c e s  between scarids and  o t h e r  species i n  

factors such  as movement p a t t e r n s  d u r i n g  ontogeny,  thei r  

r e l a t i o n s h i p  w i t h  territorial h e r b i v o r o u s  reef f i s h e s  and m o r t a l i t y  

rates are p o t e n t i a l l y  of c o n s i d e r a b l e  s i g n i f i c a n c e  and r e q u i r e  

f u r t h e r  a n a l y s i s .  



4 )  Sca r id  zoogeography and s p e c i a t i o n .  

S t u d i e s  on t h e  zoogeography o f  the  Sca r idae  have h e n  

r e s t r i c t e d  as a r e s u l t  o f  t h e  l a c k  o f  adequate  systematic s t u d i e s  

(Bruce,  1979) .  The importance o f  cladistic s t u d i e s  i n  p a r t i c u l a r ,  

h a s  been emphasised b y  Spr fnger  (1982) .  The sys t ema t i c  and 

c 9 a d i s t i c  a n a l y s e s  i n  Chapter  3 have t h e r e f o r e  provided a means s f  

ana lyz ing  t h e  f a c t o r s  i n f l u e n c i n g  s e w i d  zoogeography at the g e n e r i c  

o r  group l e v e l .  The genera  cons idered  are l i s t e d  below i n  o r d e r  of 

i n c r e a s i n g  s p e c i a l i z a t i o n  (based  on Schu l t z ,  1958, and Chapter  3 ) :  

Sparisomatinae : 
Cpyptotamus 
Ntcho t s tna  
CaLs-eamus 
S c a r t d e a  
Leptoscarus  
Spartaoma ( i n e l u d i  ng EuSCQ~US ) 

Sea r inae  : 
Cetocarus  
BobBometspon 
' so rd idus  ' group ( genus Sca rus  ) 
Htpposearus  
' f r e n a t u s '  group (genus S c a r u s )  

The i r  geographic  d i s t r i b u t i o n  (based  on Schu l t z ,  1958, 1969, 

Bohllee & Chaplin,  1968, Randal l ,  1968, 1985, Rosenbla t t  C Hobson, 

1969 and Randal l  & Bruce, 1983) i s  a s  fo l l ows :  

Caribbean and W e s t  A t l a n t i c  : Cryptotomus, NtchoLstna, 
Spartsoma and t h e  ' f r e n a t u s '  g roup .  

Mid- and E a s t  A t l a n t i c  : Ntchobstna and Spartsoma 
( a s  Eusca rus )  and t h e  ' f r e n a t u s '  
group. 

Mediterranean : Spartsoma ( as Euscarus)  
R e d  Sea : Leptoscarus ,  CaLotomus, 

Cetoscarus ,  BoLbometopon, the 
' s o r d i d u s '  group, IIipposcarus 
and t h e  ' f r e n a t u s '  group. 

Ind i an  Ocean and W e s t  P a c i f i c  : Leptoscarus ,  CaLotomus, 
Cetoscarus ,  BoLbometopon, 
t h e  ' s o r d i d u s '  group, Htpposcarus 
and t h e  ' f r e n a t u s e  group. 



Mid P a c i f i c  and T a h i t i  : ~ e p t o s c a r u s ,  ~ a t o t s m u s ,  
c e t o s c a r u s ,  Botbometopon, 
t h e  ' so rd idus '  group, Htpposcarus 
and the ' f r e n a t u s '  group.  

H a w a i i  : Lep&oscarus, Cazotomus, Scartdea 
and t h e  ' so rd idus '  and ' f r e n a t u o '  
g roups .  

Eas t e rn  P a c i f i c  : Ntchs t s tna ,  Catotornus and 
t h e  ' f r ena tus  ' group. 

The earliest f o s s i l  r eco rds  o f  s ca r id - l i ke  f i s h e s  are from the 

Eocene (38-54 m i l l i o n  y e a r s  a g o )  (Romer, 1966) .  During t h i s  pe r iod ,  

there w a s  a g r e a t  deal o f  i n t e r c o n e c t i o n  between t r o p i c a l  seas, w i t h  

t r o p i c a l  marine s p e c i e s  be ing  r e s t r i c t e d  t o  a s i n g l e  l a r g e  body o f  

w a t e r  c a l l e d  t h e  Tethys Sea (Vermejbj, 1978).  This  i n t e rconnec t ion  

w a s  severed  by %he formation o f  a land b r idge  between t h e  

Mediterranean and t h e  Red Sea approximately 16  m i l l i o n  y e a r s  ago 

( Por ,  1991, 1975 ) and t h e  Isthmus o f  Panama a t  l e a s t  3 . 5  m i l l i o n  

y e a r s  ago, i n  the late Pl iocene  (Woodring, 1966 ) ( F i g .  7 . 1 ) .  I n  

a d d i t i o n ,  a l a r g e  a r e a  o f  open ocean desc r ibed  by EJunan (1953) as 

t h e  Eas t e rn  P a c i f i c  b a r r i e r  f u r t h e r  hindered movement o f  t r o p i c a l  

marine s p e c i e s  ( V e m e i  j , 1978 ) . 

The p r e s e n t  d i s t r i b u t i o n  o f  s c a r i d  genera  h a s  s e v e r a l  unusual 

,r d i s t i n c t i v e  f e a t u r e s .  These are: 

1) Spartsoma i s  p r e s e n t  i n  the Caribbean, mid-Atlantic and 

Mediterranean, b u t  absen t  from the Indo-Pacif ic .  In  t h e  

Indo-Pacif ic ,  however, two c l o s e l y  r e l a t e d  genera ,  Cetoscarus  

and Botbometopon, a r e  p r e s e n t .  

2 )  A l l  spar i somat ine  genera  p r e s e n t  i n  the Caribbean have ranges 

t h a t  extend no f u r t h e r  t h a n  t h e  A t l a n t i c ,  Mediterranean and 

Eas t e rn  P a c i f i c .  

3 )  I n  t h e  Caribbean, t h r e e  spar i somat ine  genera are p r e s e n t  b u t  



only one scarine genus, Scams, which is represented by the 

' frenatus ' group. 

4 )  I n  the fndo-Pacific, a l l  scaring genera are present but only 

three sparisomatine genera. The genera in  the two subfamilies 

are not closely related, both being more closely related t o  

the Caribbean genus Spartsoma (including Euscarus), 

5 )  The only Pndo-Pacific genera or groups with ranges that extend 

t o  the Eastern Pacific are Casotomus and the 'frenatus' group. 

The following hypothesis is proposed t o  account for these 

discontinuities in  the distributions of scarid genera and groups 

(summarized i n  Figure 7 . 1 ) .  

After their  appearance in  the Eocene, the scarids proliferated 

during the Qligocene and by the early Miocene, were probably 

widespread throughout the tropical seas. A t  the time of the 

formation sf  the Mediterranean - Red Sea land bridge (approximately 

16 m.y. ago), the most advanced scarid form is believed t o  have 

been a common ancestor of Spartsoma and the Scarinae. The 

Mediterranean - Red Sea land bridge resulted i n  two geographically 

dis t inct  scarid populations, separated from each other by the land 

bridge and the East Pacific barrier (Fig. 7 . 1 ) .  The East Pacific 

barrier  refers t o  the large expanse of deep oceanic water i n  the 

eastern Pacific, which appears t o  be a barrier t o  the dispersal of 

many marine organisms (Briggs, 1974) .  

The western population probably extended throughout the 

Mediterranean, Atlantic, Caribbean and Eastern Pacific ( the l a t t e r  

two being connected throughout the Miocene and early Pliocene), 

whilst the eastern population occupied extensive areas of the 



Figure 7,1. sb 

me proposed distribution of early scarids during the 

%at@ Eocene period (approx. 50 m. y .  ago). 

The distrautisn sf the scarids agjproxhates that of the 
Tethgs Sea. The location of the major land masses are drawn 
following Tamling ( 1980). The formation of the Red Sea land 
Bridge (c. 15 m. y .  ago) across the points marked A and B 
essew%ial%$r bisected the @xisting scarid population. 

Figure 7 .  % B 

The proposed distribu%ion of the major scarid groups 

approximately 4 million years ago. 

m i %  is prior to the fomation of the isthmus of Panama, which 
isolated the Rtlantic and Indo-Pacific scarid populations. 
Dark stipple = Spartssma and NtchoLstna. 
Pale stipple = Leptsscurus, CaLotomus, Cetoscarus, the 
vsordidus' and 'frenatus' groups and, with the exception of 
the Hawaiian region, BoZbometopon and Htpposcarus. 
Black area = The ' frenatus ' group. 

Note that the 'frenatusl group had passed across the Eastern 
Pacific and into the Caribbean before the formation of the 
Isthmus sf Panama. The fomation of this land bridge isolated 
the Caribbean and Atlantic populations from those in the 
Indo-Pacif ic . 

Figure 7' .1 C 

The present distribution of the major scarid groups. 

Stippling as in 7.1 B. Note the proliferation of the 
'frenatus' group in the Caribbean and Atlantic regions. 





Indo-Pacif ic .  The d i s t r i b u t i o n  o f  e x t a n t  s c a r i d  genera s t r o n g l y  

sugges t s  t h a t  t h e r e  w a s  a pe r iod  o f  s p e c i a t i o n  dur ing  t h e  mid t o  

l a t e  Miocene and/or e a r l y  P l iocene  ( t . e .  between 16 and 3.5 m.y. 

ago ) ,  b u t  t h i s  w a s  r e s t r i c t e d  t o  t h e  eastern, t e e .  Indo-Pacif ic ,  

popu la t ion .  The new genera t h a t  a r o s e  du r ing  t h i s  pe r iod  r ami f i ed  

throughout  the Indo-Pacif ic ,  w i th  t h e  most 'advanced' genus ( o r  

group) ,  t h e  ' f r e n a t u s '  group (genus  Scarus), having c ros sed  t h e  

Eas t e rn  P a c i f i c  barrier by t h e  late P l iocene  ( F i g .  7 .I). T h i s  

group survived a f t e r  t h e  formation o f  t h e  Panama land b r i d g e ,  and 

p r e s e n t l y  h a s  a d i s t r i b u t i o n  which i n c l u d e s  t h e  Eas t e rn  P a c i f i c  , 

Caribbean and A t l a n t i c  (t.e. i n  t h e  wes tern  popu la t ion ) .  The o n l y  

o t h e r  genus which appears  t o  have c rossed  t h e  Eas te rn  P a c i f i c  

barrier i s  CaEotomus, b u t  t h e  absence o f  t h i s  genus from t h e  

Caribbean and Western A t l a n t i c  sugges t  that  t h i s  c r o s s i n g  occurred  

a f t e r  t h e  formation o f  t h e  Panama l and  b r i d g e  (Rosenb la t t ,  1967).  

There are s e v e r a l  l i n e s  of  evidence t h a t  suppor t  t h e  above 

hypo thes i s .  F i r s t l y ,  it is t h e  most parsimonious exp lana t ion  that 

can  account f o r  t h e  p r e s e n t  d i s t r i b u t i o n  o f  s c a r i d  gene ra .  

Secondly, it i s  c o n s i s t e n t  wi th  a )  p r e s e n t  d i s t r i b u t i o n s ,  b )  major 

g e o l o g i c a l  e v e n t s  ( t h e  sites and sequence o f  t h e s e  even t s  correspond 

wi th  t h e  sites o f  d e l i n i a t i o n s  between t h e  d i s t r i b u t i o n s  o f  e x t a n t  

s c a r i d  genera and t h e  phylogenet ic  s t a t u s  o f  t h o s e  genera invo lved )  

and c )  t h e  l i m i t e d  f o s s i l  record  ( s c a r i d s  have been recorded f r o m  

Eocene European sites and Miocene South Asian sites [Romer, 19661) .  

F i n a l l y ,  it r e f l e c t s  similar t r e n d s  i n  o t h e r  f a m i l i e s  o f  marine 

f i s h e s  and o t h e r  marine phyla .  S i m i l a r  geographic d i s t r i b u t i o n a l  

p a t t e r n s  i n  r e l a t i o n  t o  t h e  phylogeny o f  t h e  s p e c i e s  o r  gene ra  

wi th in  t h e  fami ly  have been recorded i n  t h e  Branchiostegidae (Marino 



& Dsoley, 1982 ) , Acanthuridae ( 1 ,  1990 ) , Chaetodontidae and 

Pomacanthidae ( Steene,  1998 and Allen,  19Ell) . Spr inge r  ( 1982 ) 

desc r ibed  t h e  geographic d i s t r i b u t i o n  o f  s e v e r a l  f i sh  f a m i l i e s  which 

are c o n s i s t e n t  wi th  t h e  above hypo thes i s .  The r o l e  o f  t h e  Isthmus 

o f  Panama as an important  v i cax iance  f a c t o r  i n  marine f i s h  

popu la t ions  h a s  been d i scussed  by Rosenblat t  (1969) .  Geographic 

d i s t r i b u t i o n a l  p a t t e r n s  o f  genera  and species i n  o t h e r  marine phyla  

which ape c o n s i s t e n t  wi th  t h e  above hypothes is  have been recorded i n  

c o r a l s  (Rosen, 1981),  echinoderms, c r u s t c e a  and mol luscs  (Br iggs ,  

1974 and Vernaeij,  199%).  

9 3 0  o t h e r  obse rva t ions  are c o n s i s t e n t  wi th  t h e  above 

hypo thes i s .  F i r s t l y ,  o f  the f o u r  E a s t  P a c i f i c  Scarus spec i e s ,  on ly  

two are rep resen ted  i n  the Western P a c i f i c ,  S .  ghobban and 

S .  ~ u b ~ o v C s t a e e u s .  Both species have ex tens ive  ranges  throughout  

the Indo-Pacific,  and are o f  p a r t i c u l a r  i n t e r e s t  as t h e y  sometimes 

occur  i n  deeper  water, away from reefs. S .  ghobban is o c c a s i o n a l l y  

caught  by  t r a w l s  i n  i n t e r - r e e f  areas o f f  Townsville ( p e r s ,  o b s . ) ,  

w h i l s t  bo th  s p e c i e s  have been caught  i n  t r a w l s  i n  deep waters (below 

90 m )  o f f  t h e  north-west shelf o f  A u s t r a l i a  ( K .  Sainsbury, 

p e r s .  c o r n , ) .  This  a b i l i t y  t o  su rv ive  i n  non-reef areas may have 

been in s t rumen ta l  i n  t h e i r  passage  ac ros s  t h e  E a s t e r n  P a c i f i c  

barrier and i n  t h e i r  s u r v i v a l  i n  t h e  Eas te rn  P a c i f i c  ( a s  t h i s  area 

l a c k s  e x t e n s i v e  r e e f  format ions  [Glynn e t  at., 19721).  Rosenblat t  

and Hobson (1969)  suggested t h a t  t h e s e  spec i e s  are r e c e n t  immigrants 

from t h e  Western P a c i f i c .  Secondly, i n  t h e  Caribbean, on ly  t h e  

' s c r a p i n g '  Scarus s p e c i e s  appear  t o  be p r e s e n t .  The n i che  occupied 

by t h e  ' b i t i n g '  ' so rd idus '  group s p e c i e s  i n  t h e  Indo-Pacif ic  i s  

occupied i n  t h e  Caribbean by  a s i n g l e  s p e c i e s ,  Spartsoma v i r i d e  



(Section 5 . 4 ) .  The lack of specialized 'sordidus' group species i n  

an area where thei r  ' typical '  niche is occupied by a relatively 

primitive Spa~tsoma species suggests that  the 'sordidus' group w a s  

never present i n  t h i s  area, 

The differential  development of the western (Atlantic, 

Caribbean) and eastern ( Indo-Pacific) scasid populations may have 

been influenced by the i r  disparate geographic ranges and the  

climatic histories of these ranges. The Indo-Pacific includes a 

large area which is inhabitable by scarids because of i ts  extensive 

reef formations and as such, has a high probability of containing 

more species than a smaller area such as the Caribbean, which has  

fewer reefs (Rosen, 1981) .  This effect has been described as the 

'area effect '  (Briggs, 1974). The large area of the Indo-Pacific 

also decreases the probability of the whole area being ful ly  

occupied by a l l  species present, and as a large area, it is more 

l ikely t o  undergo changes ( local ly  or extensively) i n  conditions 

tha t  defer an equilibrium (Rosen, 1981).  Studies of ecological 

succession suggest that  a deferred equilibrium may help maintain a 

high species diversity (Connell, 1978 and Talbot et az., 1978).  The 

ra te  that  an equilibrium is reached is dependent upon the relat ive 

s tab i l i ty  of the area and the dispersal ab i l i t i e s  of the inhabitants 

(MacArthur & Wilson, 1967) .  Differences i n  species dispersal 

ab i l i t i e s  may result  i n  a large area being 'perceived' by a species 

as differentiated, and therefore, enhance species diversity (Rosen, 

1981)a Speciation is also l ikely t o  be enhanced by dispersal 

barriers  i n  areas of geographic complexity. Such a zone of 

geographic complexity i s  apparently present i n  the archipelagic 

region of Indonesia and the Western Pacific (Rosen, 1981). I n  the  



Indo-Pacific therefore, several factors may have favoured 

speciation. 

The Caribbean, Atlantic and Mediterranean, however, appear t o  

have been exposed t o  less favourable conditions, The cooling trend 

throughout the Cenozoic era, culminating i n  the glacial episodes of 

the Pleistocene may have had more severe effects i n  the Atlantic 

than i n  other oceans, part ly as a result  of its relatively small 

s ize (Vemeij, 1978). A detrimental effect  of these cooling periods 

upon the scarids, chaetodontids and acanthurids i n  the Eastern 

Pacific has been suggested by Rosenblatt and Hobson (1969). The 

Mediterranean has experienced large scale extinctions since the 

Miocene (Vermei J , 1978 ), w h i l s t  interruption of coral reef 

construction i n  the Eastern Pacific and Caribbean has been suggested 

(Glynn et a 1 9 7 2 ) .  These differences between the Indo-Pacific 

and Atlantic may, i n  part,  account for the present differences i n  

the number and type of scarid genera i n  the two areas. 

The proposed hypothesis is  tentat ive.  I t  requires further 

analyses, but w i l l  hopefully form a basis for such studies. Two 

aspects, in particular,  require attention. First ly,  comparisons 

between foss i l  and extant scarid genera are essential i n  the 

understanding of the i r  evolutionary history. Secondly, detailed 

analyses of sparisomatine genera are required to  elucidate t he i r  

phylogenetic relationships and the i r  relationships w i t h  scarine 

genera. The above considerations are limited t o  relationships a t  

the generic level.  However, the increasing s tab i l i ty  of scarid 

nomenclature a t  the species level may result  i n  a more detailed 

understanding of the factors and/or events that  have led t o  the i r  
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