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ABSTRACT 

Echinoderms (103 s p e c i e s ,  2235 i n d i v i d u a l s )  were 
t h e  most abundant ,  and mol luscs  (196 s p e c i e s ,  1992 
i n d i v i d u a l s )  t h e  most d i v e r s e  e p i f a u n a l  t a x a  a t  
f o u r  i n t e n s i v e l y  sampled s i t e s  l o c a t e d  on a  
t r a n s e c t  a c r o s s  t h e  s o f t  sediment  a r e a s  of t h e  GBR 
s h e l f  o f f  Townsvil le .  An i n n e r  s i t e  ( d e p t h  22 m) 
s e p a r a t e d  c l e a r l y  from m o r e , o f f s h o r e  s i t e s  ( d e p t h  
26-41 m) based on s p e c i e s  of b o t h  mol luscs  and 
echinoderms. Community s t r u c t u r e  was s i m i l a r  w i t h  
h i g h e s t  s p e c i e s  r i c h n e s s  and s p e c i e s  d i v e r s i t y  a t  
o f f s h o r e  s i t e s .  

P r o p o r t i o n a l  s p e c i e s  r i c h n e s s  and abundance i n  
t r o p h i c  c a t e g o r i e s  showed s u b s t a n t i a l  d i f f e r e n c e s  
between s i t e s  f o r  b o t h  echinoderms and mol luscs ,  
a l t h o u g h  t h e  s e p a r a t i o n  between i n n e r  and middle 
s h e l f  s i t e s  was n o t  a lways c o n s i s t e n t  between t h e  
two taxa .  The same s h a r p l y  d e f i n e d  p a t t e r n  was 
e v i d e n t  f o r  bo th  t a x a  i n  a  g e n e r a l  browser 
ca tegory .  High d i v e r s i t y  and abundance were 
c o r r e l a t e d  wi th  t h e  abundance of c o a r s e  b i o g e n i c  
r u b b l e  and a l g a e  which provided t h e  pr imary 
f e e d i n g  focus  of many browsers .  T h i s  m a t e r i a l ,  
e s p e c i a l l y  abundant on t h e  i n n e r  middle s h e l f ,  
a l s o  suppor ted  a  s u i t e  of h a r d - s u b s t r a t e  
dependen t ,  suspens ion  f e e d i n g  t a x a  ( c r i n o i d s ,  
d e n d r o c h i r o t e  h o l o t h u r i a n s ,  s i l i q u a r i i d  g a s t r o p o d s  
and v a r i o u s  b i v a l v e s )  amongst whom a c r o p h i l i c  
behaviour  was common. Suspension f e e d e r s  from 
bo th  phy la  were g e n e r a l l y  abundant on t h e  middle 
s h e l f  and dominated t h e  echinoderms a t  t h e  d e e p e s t  
s i t e .  The i n n e r  s h e l f  mol luscs  were dominated by 
i n f a u n a l  suspens ion  f e e d i n g  b i v a l v e s .  Carnivorous 
echinoderms dominated t h e  i n n e r  s h e l f  due t o  t h e  
abundance of a  s i n g l e  a s t e r o i d  whereas h i g h e s t  
numbers of ca rn ivorous  mol luscs  occur red  on t h e  
middle s h e l f  due t o  s e v e r a l ,  wide ly  d i s t r i b u t e d  
gas t ropods .  Deposi t  f e e d e r s  of b o t h  g roups  were 
abundant a t  a l l  s i t e s .  D i f f e r e n c e s  between phy la  
a t  s i t e s  a c r o s s  t h e  s h e l f  may r e f l e c t  p a t c h i n e s s  
i n  space  and t ime  of a  few abundant  d e p o s i t  
f e e d e r s .  

INTRODUCTION 

Knowledge of t h e  t r o p h i c  r e l a t i o n s h i p s  of b e n t h i c  
organisms is  impor tan t  t o  an unders tand ing  of t h e  
p r o c e s s e s  which might s t r u c t u r e  communities and 
t h e  f u n c t i o n a l  r o l e  of t r o p h i c  g roups  has  been t h e  
focus  of i n c r e a s i n g  i n t e r e s t  (e.g. reviews by 
Woodin and Jackson 1979, Posey 1987). I n  t h i s  
s t u d y ,  we examine t h e  v a r i a t i o n  i n  t r o p h i c  g roups  
of two major e p i f a u n a l  t a x a ,  echinoderms and 
mol luscs ,  a c r o s s  a  broad t r o p i c a l  c o n t i n e n t a l  
s h e l f ,  i n  r e l a t i o n  t o  env i ronmenta l  v a r i a t i o n .  

Figure 1. Map of t h e  s t u d y  a r e a  o f f  Townsvil le .  

c o l l e c t e d  w i t h  a  modif ied Ockelmann s l e d g e  
(Ockelmann 1964) and s i e v e d  t o  a  2  mm mesh s i e v e .  
Sampling and o t h e r  f i e l d  p rocedures  were a s  g iven  
i n  B i r t l e s  and Arnold (1983),  excep t  t h a t  a t  s i t e s  
on t r a n s e c t  C, e i g h t  samples were t aken  i n  a  
nor th - sou th  d i r e c t i o n  w i t h i n  t h e  one n a u t i c a l  m i l e  
s q u a r e  i n  a d d i t i o n  t o  t h e  f o u r  samples t aken  a long  
t h e  s i d e s  of t h e  square .  

Sediment was c o l l e c t e d  £rom2the sou th-eas t  corner  
of each  s i t e  w i t h  a n  0.06 m Smith-McIntyre grab. 
Samples of abou t  150 g  were wet s i e v e d  a f t e r  
d i s a g g r e g a t i o n  wi th  sodium hexametaphosphate a f t e r  
t h e  method o u t l i n e d  i n  Carver  (1971). Major 
v i s u a l  components of t h e  sediment  and t h e i r  
r e l a t i v e  abundance on a  t h r e e  p o i n t  s c a l e  
( p r e s e n t ,  common and v e r y  common) were recorded 
d u r i n g  s o r t i n g ,  a s  were t h e  more dominant 
s e a g r a s s e s  and a l g a e .  

UETBODS The 103 s p e c i e s  of echinoderms and 196 s p e c i e s  of 
mol luscs  were c l a s s i f i e d  a s  c a r n i v o r e s  (C) ,  

Four s i t e s  were sampled a long  t r a n s e c t  C  ( f i g u r e  d e p o s i t  f e e d e r s  (D),  suspens ion  f e e d e r s  ( S ) ,  
1 ) .  Each s i t e  was a  s q u a r e  w i t h  s i d e s  of one browsers  (B) and p a r a s i t e s  ( P ) .  S p e c i e s  were 
n a u t i c a l  m i l e  (1.9 km). The c e n t r e s  of a d j a c e n t  a s s i g n e d  t o  p a r t i c u l a r  t r o p h i c  c a t e g o r i e s  based on 
s i t e s  were s e p a r a t e d  by e i g h t  n a u t i c a l  m i l e s  (14.9 our  d i v i n g  o b s e r v a t i o n s  and g u t  c o n t e n t  a n a l y s e s  
km) i n  a  nor th - sou th  d i r e c t i o n .  Samples were of t h e  numer ica l  dominants ,  e x t e n s i v e l y  augmented 
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by r e c e n t  c o m p i l a t i o n s  (e.g. Tay lor ,  Morr i s  and 
Tay lor  1980; Jangoux and Lawrence 1982). Although 
t h e  term browser is most commonly a p p l i e d  t o  
h e r b i v o r e s  (Walker 6 Bambach 1974) ,  many marine 
p r e d a t o r s  a l s o  browse upon t h e i r  p rey  (Woodin 
1982). Many of t h e  a s t e r o i d s ,  e c h i n o i d s  and 
gastropod.  mol luscs  i n  t h i s  s t u d y ,  cou ld  no t  be 
s a t i s f a c t o r i l y  s e p a r a t e d  i n t o  e i t h e r  browsers  on 
p l a n t  m a t e r i a l  o r  browsers  on  c o l o n i a l  e n c r u s t i n g  
animals  (b ryozoans ,  a s c i d i a n s ,  c n i d a r i a n s ,  
sponges,  e t c . ) ,  due t o  t h e i r  p o l y t r o p h i c  and 
o p p o r t u n i s t i c  f e e d i n g  behaviour  and t h e  d e a r t h  of 
a c c u r a t e ,  and e s p e c i a l l y  q u a n t i t a t i v e  d i e t a r y  
information.  They were t h e r e f o r e  a l l  inc luded  i n  
t h e  same g e n e r a l i s e d  "browser" c a t e g o r y  even  
though animals  a t  e i t h e r  end of t h e  d i e t a r y  
spectrum would be a t  q u i t e  d i f f e r e n t  t r o p h i c  
l e v e l s .  

H i e r a r c h i c a l  c l u s t e r  a n a l y s i s ,  u s i n g  t h e  package 
CLUSTAN lC, was based on log lO(n+l )  t ransformed 
v a l u e s  of  s p e c i e s  abundances a t  t h e  s i t e s .  
D i s s i m i l a r i t y  was c a l c u l a t e d  u s i n g  t h e  Bray-Curtis 
index  and t h e  dendrogram c o n s t r u c t e d  us ing  t h e  
f l e x i b l e  s o r t i n g  s t r a t e g y ,  w i t h  BE-0.25. 

RESULTS 

Environment 
The dep th  g r a d i e n t  was l e a s t  between t h e  i n n e r  
s i t e  2C (mean d e p t h  below datum 21.9 m) and 4C 
( d e p t h  25.6 m); t h e  l a t t e r ,  and t h e  two more 
o f f s h o r e  s i t e s  6C and 8C ( d e p t h s  34 m and 40.5 m), 
were more even ly  spaced by dep th  ( f i g u r e  2) .  The 
sediment  a t  2C was dominated by mud (28%)  and 
medium t o  v e r y  f i n e  sand (59%);  f i n e  g r a v e l  and 
pebble p a r t i c l e s  (>2.00 mm), c o l l e c t i v e l y  termed 
"rubble",  comprised on ly  2.5%. S i t e s  4C, 6C and 
8C had 10% o r  l e s s  mud and were dominated by 
coarse  and v e r y  c o a r s e  sand (45%, 53% and 57%,  
r e s p e c t i v e l y )  and r u b b l e  (33%, 23% and 9%, 
r e s p e c t i v e l y ) .  The t h r e e  o f f s h o r e  s i t e s  
c o n s i s t e n t l y  v a r i e d  from 2C i n  having a  g r e a t e r  
d i v e r s i t y  and abundance of l a r g e  rubb le  of 
b i o l o g i c a l  o r i g i n  ( f o r a m i n i f e r a ,  c a l c a r e o u s  red 
a l g a e ,  bryozoa,  mol lusc )  a s  w e l l  a s  of  s e a g r a s s e s  
and a l g a e  ( f i g u r e  2 ) .  

Faunal  P a t t e r n s  
The major  s e p a r a t i o n  of s i t e s  i n  t h e  
c l a s s i f i c a t i o n  a n a l y s i s ,  f o r  bo th  echinoderms and 
mol luscs ,  occur red  between t h e  i n n e r  s i t e  2C and 
t h e  more o f f s h o r e ,  middle s h e l f  s i t e s  4C-8C. 
Within t h e  o f f s h o r e  s i t e  g roup ing ,  t h e  o u t e r  two 
s i t e s  (6C, 8C) s e p a r a t e d  from t h e  i n n e r  middle 
s h e l f  s i t e  4C f o r  bo th  echinoderms and mol luscs  
( f i g u r e  3 ) .  

Echinoderm abundances a t  t h e  o f f s h o r e  s i t e s  were 
1.2-1.6 t imes t h a t  a t  s i t e  2C, t h e  number of 
s p e c i e s  a t  each of t h e  o f f s h o r e  s i t e s  was more 
than  double (2.3-2.5) t h a t  a t  2C ( f i g u r e  3A). Low 
s p e c i e s  r i c h n e s s  combined w i t h  low evenness J ,  s o  
t h a t  s p e c i e s  d i v e r s i t y  H' a t  2C was about  h a l f  t o  
two- th i rds  t h a t  of  o f f s h o r e  s i t e s .  Although 
abundances were lower a t  4C than  a t  t h e  o t h e r  
o f f s h o r e  s i t e s ,  s p e c i e s  r i c h n e s s ,  s p e c i e s  
d i v e r s i t y  and evenness were comparable ( f i g u r e  
3A). 

At 6C and 8C, mollusc abundance and s p e c i e s  
r i c h n e s s  were about  double  t h a t  a t  2C and evenness 
was s i m i l a r  a t  t h e s e  t h r e e  s i t e s .  However, w h i l e  
abundances were s i m i l a r  a t  2C and 4C, s p e c i e s  
r i c h n e s s  was almost  twice  a s  h igh  a t  t h e  l a t t e r  

s i t e ,  and s p e c i e s  d i v e r s i t y  and evenness were 
h i g h e r  a t  4C than  a t  any o t h e r  s i t e  ( f i g u r e  3B). 

D E P T H  AND "BIOGENIC RUBBLE" 

METRES BELOW DATUM 
20 r 7 loo 

SITES 

ORIGIN OF RUBBLE 

I MOLLUSC SHELL @ FOR4MINIFERA 

CALC C O R A L  ALGAE BRYOZOA 

SEAGRASS AND ALGAE 

ABUNDANCE SCORE 
1 0 0 r  - - - - ..- .. 

2C 4C 6C 8C 

SITES 

DOMINANT TAXA 

I HAIDPHILA S P P ~  HALIMEDA S P P  COFALLINACEAE 

LOBOPHOR4 S P  OTHER RHODOPHYTES 

P i g u i e  2. Environmental  f e a t u r e s  of t r a n s e c t  C. 
Abundance s c o r e s  based on c a t e g o r i e s  recorded i n  
t h e  f i e l d ;  p r e s e n t = l ,  common=2, and v. common=3. 
Scores  a r e  summed over  a l l  12 s i t e s  t o  g i v e  s i t e  
t o t a l .  

Echinoderm t r o p h i c  g roups  
A s y s t e m a t i c  breakdown of f e e d i n g  t y p e s  i s  g i v e n  
i n  Appendix I and a  breakdown by c l a s s  of  s p e c i e s  
and abundance i n  t h e  t r o p h i c  groups is  g iven  i n  
t a b l e  1. The o v e r a l l  p r o p o r t i o n  occupied by each 
of t h e  t r o p h i c  c a t e g o r i e s  (summed over  a l l  s i t e s )  
was s i m i l a r  whether  s p e c i e s  r i c h n e s s  o r  t o t a l  
abundance was cons idered .  Suspension f e e d e r s  
dominated (44.7% of s p e c i e s ,  40.8% of 
i n d i v i d u a l s ) ,  fo l lowed  by d e p o s i t  f e e d e r s  and 
browsers  ( t a b l e  1 ) .  The major d i s c r e p a n c y  was 
w i t h  c a r n i v o r e s  which accounted f o r  on ly  8.7% of 
s p e c i e s  but  19.4% of i n d i v i d u a l s .  
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A Echinoderms B Molluscs 

m 
inner shelf middle shelf 

2C 4C 6C 8C 

................................................ 
TOTAL NO. OF 

SITE ABUND. SPP. H' J H(MAX) 

................................................ 
TOTAL NO. OF 

SITE ABUND. SPP. H' J H (MAX) 

Figure 3. C l u s t e r  a n a l y s i s  of  s i t e s ,  based on  d i s t r i b u t i o n  and abundance of  s p e c i e s .  See t e x t  f o r  d e t a i l s  
of t r a n s f o r m a t i o n s ,  s i m i l a r i t y  index  and s o r t i n g  s t r a t e g y .  Abundance, s p e c i e s  r i c h n e s s ,  s p e c i e s  d i v e r s i t y  
and evenness a r e  g i v e n  f o r  each  s i t e .  A. Echinoderms. B. Molluscs. 

Tab le  1. Echinoderm t r o p h i c  groups.  Breakdown by c l a s s  of t h e  number of  s p e c i e s  and abundance ( p e r c e n t a g e  
s p e c i e s  and abundance i n  p a r e n t h e s e s )  i n  f i v e  t r o p h i c  c a t e g o r i e s .  

................................................................................................... 
TROPHIC CRINOIDS ASTEROIDS OPHIUROIDS ECHINOIDS HOLOTHURIAN TOTALS 
GROUPS ------------ ------------ ------------ ------------ ------------- -------------- 

I SPP ABUND I/ SPP ABUND I/ SPP ABUND # SPP ABUND I/ SPP ABUND I/ SPP ABUND ----------- ----- ----- ----- ----- ----- ----- ----- ----- ----- ------ -------------- 
CARNIVORES 5  276 4  157 9  433 

( 2 9 )  (42)  (15)  X40) ( 9 )  (19)  
DEPOSIT . 1  169 5  7  8  297 13 72 27 545 

( 6 )  (26)  (19)  ( 2 )  (47)  (74)  (45)  (20)  (26)  (24)  
SUSPENSION 14 419 16 201 16 291 46 911 

(100) (100)  (62)  (51)  ( 5 5 )  (80)  (45)  (41)  
BROWSERS ' 11 215 9  105 20 320 

( 6 5 )  (33)  ( 5 3 )  ( 2 6 )  . ( 1 9 )  (14)  
PARASITES 1  26 1  26 

( 4 )  ( 7 )  ( 1 )  ( 1 )  ----------- ..................................................................... ------------- 
TOTALS 14 419 17 660 26 391 17 402 29 363 103 2235 

(14)  (19)  (1:) (30)  (25)  (17)  (17)  (18)  (28)  (16)  ................................................................................................... 

When t h e  c l a s s e s  of  ech'inoderms a r e  t r e a t e d  
s e p a r a t e l y ,  t h e r e  were s u b s t a n t i a l  d i f f e r e n c e s  i n  
t h e  r e p r e s e n t a t i o n  of t r o p h i c  g roups ,  accord ing  t o  
whether s p e c i e s  r i c h n e s s  o r  abundance was 
cons idered .  The m a j o r i t y  of  a s t e r o i d s  (11)  were 
browsers ,  bu t  they  r e p r e s e n t e d  o n l y  33% of 
i n d i v i d u a l s .  The f i v e  s p e c i e s  of c a r n i v o r o u s  
a s t e r o i d s  c o n t r i b u t e d  42% of i n d i v i d u a l s ,  whi le  
t h e  o n l y  depos i t - feed ing  a s t e r o i d ,  S t e l l a s t e r  
e q u e s t r i s ,  accounted f o r  26% ( t a b l e  1 ) .  Within 
t h e  o p h i u r o i d s ,  t h e  m a j o r i t y  of  s p e c i e s  and 
i n d i v i d u a l s  were suspens ion  f e e d e r s .  Although 19% 

of s p e c i e s  were d e p o s i t  f e e d e r s ,  t h e y  r e p r e s e n t e d  
o n l y  2% of i n d i v i d u a l s .  I n  c o n t r a s t ,  f o u r  
c a r n i v o r o u s  s p e c i e s  c o n t r i b u t e d  40% of t h e  
oph iuro id  i n d i v i d u a l s .  Ophiomaza c a c a o t i c a  was 
t h e  s o l e  p a r a s i t i c  echinoderm. The ech ino id  
s p e c i e s  were about  even ly  d i v i d e d  between d e p o s i t  
f e e d e r s  ( e i g h t  s p e c i e s  of sand d o l l a r s  and h e a r t  
u r c h i n s )  and browsers  ( n i n e  r e g u l a r  u r c h i n s ) ,  bu t  
t h e  former c a t e g o r y  con ta ined  about  t h r e e - q u a r t e r s  
of e c h i n o i d  i n d i v i d u a l s  ( t a b l e  1 ) .  The 
h o l o t h u r i a n  s p e c i e s  were a l s o  abou t  e q u a l l y  
d i v i d e d  i n t o  two groups ,  w i t h  suspens ion  f e e d e r s  
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( o r d e r  Dendroch i ro t ida )  s l i g h t l y  more d i v e r s e  than  
d e p o s i t  f e e d e r s  ( o r d e r s  A s p i d o c h i r o t i d a ,  Molpadida 
and Apodida). However, s u s p e n s i o n  f e e d e r s  were 
about f o u r  t imes  a s  abundant a s  d e p o s i t  f e e d e r s .  

The d i f f e r e n c e s  i n  t h e  p r o p o r t i o n  of s p e c i e s  i n  
each  of t h e  f i v e  main t r o p h i c  groups a t  t h e  f o u r  
s i t e s  were no t  g r e a t ,  w i t h  t h e  t h r e e  middle s h e l f  
s i t e s  i n  p a r t i c u l a r  showing c o n s i d e r a b l e  
s i m i l a r i t y  ( f i g u r e  4 ) .  There were g r e a t e r  
p r o p o r t i o n s  of c a r n i v o r e s  (18%) and e s p e c i a l l y  
d e p o s i t  f e e d e r s  (39%)  and fewer of browsers  ( 1 1 % )  
and suspens ion  f e e d e r s  (32%) a t  2C. I n  c o n t r a s t ,  
t h e r e  were some very  marked d i f f e r e n c e s  i n  t h e  
pe rcen tage  abundance of each t r o p h i c  group a t  t h e  
f o u r  s i t e s  ( f i g u r e  4 ) .  The most s t r i k i n g  
d i f f e r e n c e  was t h e  ve ry  h igh  abundance of 
c a r n i v o r e s  a t  2C i n  c o n t r a s t  t o  o f f s h o r e ,  where 
they formed 10% o r  l e s s  of t h e  s i t e  t o t a l s .  The 
same s i t e  had a  g r e a t l y  reduced number of 
suspens ion  f e e d e r s  and browsers. A t  4C, t h e  
p r o p o r t i o n  of  browsers  was almost  double  t h e  t o t a l  
pe rcen tage  f o r  a l l  s i t e s ,  whi le  a t  6C t h e  number 
of d e p o s i t  f e e d e r s  was r a i s e d  t o  42% of s i t e  
t o t a l .  The d e e p e s t  s i t e  8C, showed a  marked 
i n c r e a s e  i n  t h e  number of suspens ion  f e e d e r s  
t o t a l l i n g  63% of t h e  i n d i v i d u a l s  a t  t h e  s i t e .  

Carn ivores  (10%)  were reduced t o  a  t y p i c a l l y  low 
o f f s h o r e  v a l u e ;  suspens ion  f e e d e r s  had s u b s t a n t i a l  
c o n t r i b u t i o n s  from t h r e e  t a x a  a l t h o u g h  t h e r e  were 
more h o l o t h u r i a n s  t h a n  c r i n o i d s  and o p h i u r o i d s  
combined. Th is  was due. a t  l e a s t  o a r t l v  t o  the  . --, 
abundance of t h e  d e n d r o c h i r o t e  P e n t a c t a  a u s t r a l i s  
which was t h e  most abundant echinoderm a t  t h e  s i t e  
(11% of s i t e  t o t a l ) .  

The main c o n t r i b u t o r s  t o  t h e  h igher  p r o p o r t i o n  of 
d e p o s i t  f e e d e r s  a t  6C were e c h i n o i d s ,  e s p e c i a l l y  
t h e  sand d o l l a r  P e r o n e l l a  o r b i c u l a r i s  which formed 
19% of t h e  s i t e  t o t a l  ( f i g u r e  5C). I f  t h i s  
s p e c i e s  were removed however, t h e  p r o p o r t i o n  of 
d e p o s i t  f e e d e r s  was reduced t o  below t h a t  of the  
t r a n s e c t  o v e r a l l  (22% c f .  24%). 

S i t e  8C was dominated by h igh  abundances of 
suspens ion  f e e d e r s  which formed 63% of t h e  s i t e  
t o t a l ;  57% of t h i s  c a t e g o r y  were c r i n o i d s .  
Suspension f e e d e r s  occupied seven of t h e  f i r s t  
e i g h t  p o s i t i o n s ,  when echinoderms a t  t h e  s i t e  were 
ranked by abundance. F i v e  of t h e  top s i x  were 
c r i n o i d s ,  f o u r  of t h e s e  i n  t h e  genus Comatula 
( f i g u r e  5D). O p h i a c t i s  l u t e o m a c u l a t a ,  t h e  second 
most abundant echinoderm a t  t h e  s i t e .  formed 65% 
of t h e  suspens ion- feed ing  oph iuro id  t o t a l .  The 
remaininn 23% of t h e  suspens ion  f e e d e r s  were 

PERCENTAGE S P E C I E S  PERCENTAGE ABUNDANCE d e n d r o c h i r o t e  h o l o t h u r i a i s .  Both t h e  browser and 
c a r n i v o r e  abundance were s i m i l a r  t o  t h a t  of 6C, 
and t h e s e  were f a i r l y  even ly  d i v i d e d  between 
a s t e r o i d  and e c h i n o i d s ,  i n  t h e  former c a s e ,  and 
between a s t e r o i d s  and o p h i u r o i d s  i n  t h e  l a t t e r .  
The n i n t h  ranked echinoderm a t  t h e  s i t e  was 
Ophiomaza c a c a o t i c a ,  t h e  o n l y  echinoderm i n  t h e  
t r a n s e c t  C  samples regarded a s  p a r a s i t i c  (Cla rk  
1976). I t s  abundance a t  8C r e f l e c t e d  t h e  
d i s t r i b u t i o n  of  i t s  c r i n o i d  h o s t s  (Comatula 

2 c  4 c  6 c  8 C  2 c  4 c  6 c  8 C  c r a t e r a ,  C. r o t a l a r i a ,  C. s o l a r i s ) .  
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F i g u r e  4. P r o p o r t i o n s  of echinoderm t r o p h i c  g roups  
a t  each  s i t e :  nos. of s p e c i e s  ( I . ) ,  abundance ( r . )  

F i g u r e  5  i l l u s t r a t e s  t h e  i n t e r - s i t e  d i f f e r e n c e s  i n  
t r o p h i c  group abundances i n  g r e a t e r  d e t a i l .  
Carn ivores  dominated s i t e  2C, forming 68% .of t h e  
s i t e  t o t a l  ( f i g u r e  5A). A s t e r o i d s  comprised 50% 
of t h e  echinoderms a t  t h e  s i t e ,  wi th  As t ropec ten  
v e l i t a r i s  c o n t r i b u t i n g  47.4% of t h e  s i t e  t o t a l .  
The remaining 18% was c o n t r i b u t e d  most ly by two 
o p h i u r o i d s  Ophiopsammus y o l d i i  and Ophiochasma 
s te l l a tu rn .  Deposi t  f e e d e r s  formed 21.5% of t h e  
s i t e  t o t a l ;  over  h a l f  of them c o n s i s t e d  of t h e  
a s t e r o i d  S t e l l a s t e r  e q u e s t r i s .  Suspension f e e d e r s  
c o n t r i b u t e d  l e s s  than  10% t o  t h e  s i t e  t o t a l  and 
t h e  number of browsers  was n e g l i g i b l e .  

S i t e  4C ( f i g u r e  5B) was very  d i f f e r e n t  t o  2C 
excep t  f o r  d e p o s i t  f e e d e r s ,  which a g a i n  formed 
j u s t  over  21% o f , t h e  s i t e  t o t a l .  A t  26% of  t h e  
s i t e  t o t a l ,  t h e  browsers  were abundant;  84% of 
t h i s  was a s t e r o i d s .  Ten of  t h e  t o t a l  of  11 
browsing a s t e r o i d s  occur red  a t  4C but  over  a  t h i r d  
(35%) of a l l  a s t e r o i d s  a t  t h i s  s i t e  were 
P e n t a c e r a s t e r  r egu lus .  Although browsing 
ech ino ids  were not  abundant ,  a l l  bu t  one of t h e  
n ine  s p e c i e s  found on t r a n s e c t  C  were a l s o  
ob ta ined  a t  t h i s  s i t e .  Apart  from t h e  r a i s e d  
browser numbers, t h e  4C abundance p a t t e r n  was 
s i m i l a r  t o  t h a t  of t h e  o t h e r  middle s h e l f  s i t e s .  

H o l l u s c  f e e d i n g  g roups  
For  c a r n i v o r o u s  and suspens ion  f e e d i n g  mol luscs  
summed over  a l l  s i t e s ,  t h e r e  were g e n e r a l l y  
s i m i l a r  p a t t e r n s  whether s p e c i e s  r i c h n e s s  o r  
abundance were cons idered .  The major  
d i s c r e p a n c i e s  were w i t h  d e p o s i t  f e e d e r s ,  w i t h  9.7% 
of s p e c i e s  b u t  26.4% of i n d i v i d u a l s ,  and t h e  
browsers ,  wi th  14.3% of s p e c i e s  b u t  on ly  4.9% of 
i n d i v i d u a l s  ( t a b l e  2) .  Molluscs were dominated 
bo th  i n  numbers of s p e c i e s  and i n d i v i d u a l s  by 
c a r n i v o r e s  (41.8% and 38.5% r e s p e c t i v e l y ) .  

T a b l e  2. Mollusc t r o p h i c  group t o t a l s .  
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When c l a s s e s  of mol luscs  a r e  t r e a t e d  s e p a r a t e l y ,  
t h e r e  were s u b s t a n t i a l  d i f f e r e n c e s  i n  
r e p r e s e n t a t i o n  of t r o p h i c  groups.  Scaphopods and 
cephalopods were e x c l u s i v e l y  c a r n i v o r o u s ,  whi le  
c h i t o n s  browse on both animal  and p l a n t  m a t e r i a l .  
None of t h e s e  c l a s s e s  were abundant ,  a l though  
cephalopods were modera te ly  d i v e r s e ,  wi th  10 
s p e c i e s .  
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A. 
C-AST (others) 

C. 
ECH P, orbicularls 122 

19 49. 

D-AST S. equestris 8 

C-AST A. veliteris 
201 47.49. 

C-OPH 0. steliatum CARNIVORE 48 
DEPOSIT (others) 14 PARASITE-OPH 7.69. 2 

0.39. 

SUSPENSION-HO 
BROWSER 85 

13.59. 

AST S. equestrls SUSPENSION-CRIN ENSION-OPH 56 

DEPOSIT (others) 50 11.89. 15.89. 8.99. 
41 9.79. 

B. 
DEPOSIT 106 

SUSPENSION-HOL 10 
21.3% CARNIVORE 52 

10 59. 

BROWSER-ECH 21 
4.29. 

SUSPENSION-CRIN 62 B-AST P regulus 39 
12.59. 7 89. 

SUSPENSION-OPH 4 

B-AST (others) 71 
14 39. 

S-CRIN C, rotalarla 59 

S-CRIN C. purpurea 3 
5 49. 

S-CRIN C. solaris 34 
5.09. 

CARNIVORE 47 

S-CRIN (others) 68 
9 99. PARASITE-OPH 24 

S-OPH (others) 3 1 

U. 
S-CRIN C. cratera 

S-CRIN C, rotalarla 59 

S-CRIN C. purpurea 3 
5 49. 

S-CRIN C. solaris 34 
5.09. 

CARNIVORE 47 

S-CRIN (others) 68 
9 99. PARASITE-OPH 24 

S-OPH 0. luteomac. 58 
8.59. 

S-OPH (others) 3 1 

S-HOL 97 
14.1% 

Figure 5. P r o p o r t i o n a l  abundance of echinoderm t r o p h i c  groups a t  e a c h  s i t e .  The f i v e  c a t e g o r i e s  ( s e e  
shad ing)  a r e  subd iv ided  t o  show c l a s s  c o n t r i b u t i o n s  and t h o s e  of numer ica l ly  dominant s p e c i e s  (abundance 6 
percen t .  of  s i t e  t o t a l ) .  C=Carnivore,  D=Deposit,  S=Suspension, B=Browser. A. S i t e  2C B. 4C C. 6C D. 8C. 

Biva lves  were almost  e x c l u s i v e l y  suspens ion  
f e e d e r s  (57 s p e c i e s ,  547 i n d i v i d u a l s ) .  Only t h e  
t e l l i n a c e a n s  ( 2  s p e c i e s ,  2  i n d i v i d u a l s )  were 
cons idered  d e p o s i t  f e e d e r s .  Gastropods had t h e  
wides t  range of f e e d i n g  t y p e s  (Appendix I ) ,  bu t  
were dominated by c a r n i v o r e s  (72 s p e c i e s ,  744 
i n d i v i d u a l s ) .  Although t h e r e  were on ly  17 s p e c i e s  
of d e p o s i t  f e e d i n g  g a s t r o p o d s ,  t h e s e  inc luded  517 
i n d i v i d u a l s  and r e p r e s e n t e d  t h e  nex t  most 
important  f e e d i n g  ca tegory  i n  t h e  c l a s s .  

When s i t e s  a r e  cons idered  s e p a r a t e l y ,  t h e r e  was a  
major d i s t i n c t i o n  between abundances of  t h e  
v a r i o u s  t r o p h i c  c a t e g o r i e s  a t  s i t e  2C and t h o s e  a t  
t h e  middle s h e l f  s i t e s  ( f i g u r e  6 ) .  The degree  of 
dominance w i t h i n  d e p o s i t  f e e d e r s  a t  s i t e  2C was 
e s p e c i a l l y  obv ious ,  w i t h  o n l y  13.6% of s p e c i e s  but  
45.6% of i n d i v i d u a l s .  Th i s  was due t o  t h e  
abundance of t h r e e  s p e c i e s :  Strombus v i t t a t u s ,  
Xenophora s o l a r i o i d e s  and P h i l i n e  sp.  The l a s t  i s  
e e n e r a l l v  cons idered  a  c a r n i v o r e .  bu t  t h e  smal l  ., 
specimens c o l l e c t e d  had g u t s  f u l l  of 
f o r a m i n i f e r a n s  and appeared t o  be s e l e c t i v e  
d e p o s i t  f e e d e r s  ( p e r s .  obs.) .  

There was a  g e n e r a l  s i m i l a r i t y  i n  t h e  p r o p o r t i o n s  
of i n d i v i d u a l s  i n  each  t r o p h i c  c a t e g o r y  a t  t h e  
t h r e e  middle s h e l f  s i t e s .  Carn ivores  were 
e s p e c i a l l y  abundant a t  t h e  middle s h e l f  s i t e s  
(35.8-44.6%). F ive  s p e c i e s  (Tudicula  a rmigera ,  -- 
Chicoreus b a n k s i i ,  Fus inus  c o l u s ,  Phos s e n t i c o s u s  -- -- - 
and L a t i r u s  p a e t e l i a n u s )  accounted f o r  55.5-61.42 
of t h e  numbers of  c a r n i v o r e s  a t  t h e s e  middle s h e l f  
s i t e s .  Of t h e s e ,  on ly  C. b a n k s i i  was a s s o c i a t e d  
wi th  p a t c h e s  of b iogen ic  r u b b l e ,  t h e  o t h e r s  be ing  
sand-dwell ing c a r n i v o r e s  of i n f a u n a ,  e s p e c i a l l y  
p o l y c h a e t e s  ( p e r s .  obs.) .  
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Figure 6. P r o p o r t i o n s  of mollusc t r o p h i c  groups a t  
each s i t e :  nos. of s p e c i e s  ( I . ) ,  abundance ( r . ) .  

Depos i t  f e e d e r s  were e s p e c i a l l y  abundant a t  t h e  
o u t e r  s i t e s  6C and 8C ( f i g u r e  6 ) .  F ive  s p e c i e s  
( i n  o r d e r  of abundance: Strombus d i l a t a t u s ,  
Xenophora s o l a r i o i d e s ,  X. c e r e a ,  Monilea - 
l e n t i g i n o s a  and - S. v i t t a t u s )  accounted f o r  89% of 
t h e  i n d i v i d u a l s  a t  t h e s e  s i t e s .  

Suspension f e e d e r s  were un i fo rmly  d i s t r i b u t e d  
a long  t h e  t r a n s e c t  but  t h e  s p e c i e s  v a r i e d  from 
s i t e  t o  s i t e .  At s i t e  2C, t h e  numer ica l  dominants 
were t h e  i n f a u n a l  glycymeridid Melaxinea l a b r y n t h a  
and an e p i f a u n a l  p t e r i i d .  At s i t e  4C, t h e  



numerical  dominant was a  s i l i q u a r i i d  g a s t r o p o d ,  
a s s o c i a t e d  w i t h  sponges. S i t e s  6C and 8C had a  
d i v e r s e  fauna  of suspens ion  f e e d i n g  b i v a l v e s ,  t h e  
most abundant be ing  an u n i d e n t i f i e d  o s t r e i d ,  
e p i z o i c  on Strombus s p e c i e s .  Other  f a m i l i e s ,  bo th  
i n f a u n a l  (g-dids, c a r d i i d s )  and e p i f a u n a l  
( a r c i d s ,  chamids and anomiids)  were a l s o  w e l l  
r epresen ted  a t  t h e s e  s i t e s .  

No browsers were recorded from t h e  i n n e r  s h e l f  
s i t e  2C, b u t  they  occur red  a t  a l l  middle s h e l f  
s i t e s .  However t h e r e  were about  twice  a s  many 
s p e c i e s  and about  f o u r  t imes  a s  many i n d i v i d u a l s  
a t  s i t e  4C, compared wi th  t h e  o u t e r  s i t e s  6C and 
8C. 

DISCUSSION 

The major s e p a r a t i o n  of s i t e s  i n  bo th  echinoderms 
and mol luscs  occur red  between 2C (21.9 m) and 4C 
(25.6 m) ( f i g u r e  3 ) .  More e x t e n s i v e  sampling 
a long  t r a n s e c t s  A and B  ( f i g u r e  l ) ,  a s  summarised 
i n  B i r t l e s  & Arnold (1983),  i n d i c a t e d  a  c l e a r  
s e p a r a t i o n  of echinoderms,  m o l l u s c s ,  c r u s t a c e a n s ,  
bryozoans,  demersal  f i s h e s ,  a s c i d i a n s  and a l g a e  a t  
about  22-23 metres .  T h i s  major  f a u n a l  
d i s c o n t i n u i t y  corresponded c l o s e l y  t o  t h e  
s e p a r a t i o n  of  a n  i n n e r  s h e l f . a n d  middle s h e l f  zone 
by B e l p e r i o  (1983),  based on sediment  
c h a r a c t e r i s t i c s .  We a l s o  i n d i c a t e d  t h a t  t h e s e  
o v e r a l l  p a t t e r n s  of d i s t r i b u t i o n  and abundance had 
remained s t a b l e  f o r  t h e  p rev ious  s i x  y e a r s  (1977- 
1982). 

R e l a t i v e  t o  s i t e  2C, t h e  middle s h e l f  s i t e s  had a  
h igher  d i v e r s i t y  and g r e a t e r  abundance of l a r g e  
c a l c a r e o u s  r u b b l e  e lements ,  which were of 
b i o l o g i c a l  o r i g i n  ( f i g u r e  2). Such b i o g e n i c  
rubb le ,  o f t e n  s e v e r a l  c e n t i m e t r e s  a c r o s s ,  a c t s  a s  
a  s e t t l e m e n t  s i t e  f o r  s o l i t a r y  and c l o n a l  
organisms.  Where t h e s e  organisms themselves 
s e c r e t e  c a l c a r e o u s  s k e l e t o n s ,  t h e r e  i s  o f t e n  a  
build-up of c a l c a r e o u s  m a t e r i a l  t o  p rov ide  q u i t e  a  
l a r g e ,  s t a b l e  s u r f a c e ,  s u i t a b l e  f o r  t h e  s e t t l e m e n t  
of numerous o t h e r  organisms.  Th is  p rocess  can 
l e a d  t o  t h e  development of  mul t i - spec ies  clumps 
( a s  d e f i n e d  by Fedra 1977). Other l a r g e  
s e t t l e m e n t  s u r f a c e s  a r e  provided by s i n g l e  t a x a  
such  a s  s t o l i d o b r a n c h  a s c i d i a n s  (Herdmania, 
Po lycarpa)  and sponges ( I r c i n i a ) .  We r e f e r  
c o l l e c t i v e l y  t o  a l l  t h e s e  hard s u b s t r a t e  e lements  
( biogen ic  r u b b l e ,  mu1 t i - s p e c i e s  clumps and s i n g l e  
t a x a )  a s  " n a t u r a l  i s o l a t e s " .  Seagrasses  and 
a l g a e ,  which were a  d i v e r s e  and abundant f e a t u r e  
of t h e  middle s h e l f  s i t e s  ( f i g u r e  2 ) ,  a l s o  a c t  a s  
s e t t l e m e n t  s u r f a c e s .  L iv ing  c o r a l l i n a c e a n s  were 
e s p e c i a l l y  abundant a t  4C and t h e i r  dead s k e l e t o n s  
were of p a r t i c u l a r  importance i n  t h e  development 
of t h e  l a r g e  b i o g e n i c  rubb le  e lements  which were 
abundant a t  t h e  s i t e .  

Within bo th  t h e  echinoderms and t h e  mol luscs ,  
browser abundance corresponded c l o s e l y  w i t h  t h a t  
of b i o g e n i c  rubble.  As o u t l i n e d  i n  Methods, t h i s  
g e n e r a l i s e d  browsing c a t e g o r y  inc luded  bo th  
h e r b i v o r e s  and an imals  f e e d i n g  p r i m a r i l y  on c l o n a l  
animals  ( sponges ,  c n i d a r i a n s ,  bryozoans) .  The 
l a t t e r  t r o p h i c  group cor responds  t o  t h e  Group I1 
c a r n i v o r e  ca tegory  used t o  c h a r a c t e r i s e  f e e d i n g  
types  of a s t e r o i d s  (Jangoux 1982).  Browsers were 
absen t  (mol luscs )  o r  i n  g r e a t l y  reduced numbers 
(echinoderms) a t  2C, b u t  occur red  a t  a l l  t h e  
middle s h e l f  s i t e s .  However, i t  was a t  4C, w i t h  
t h e  maximum c o n c e n t r a t i o n  of b iogen ic  r u b b l e  and 
a l g a e  ( f i g u r e  2 ) ,  t h a t  t h e  browsers  were most 

s t r o n g l y  r e p r e s e n t e d .  P r o p o r t i o n a l  abundance of 
browsers  a t  4C was twice  and f o u r  t imes t h a t  a t  . 
o t h e r  middle s h e l f  s i t e s  f o r  t h e  echinoderms and 
mol luscs  r e s p e c t i v e l y .  

While t h e  r e l a t i v e  abundance of suspens ion  feed ing  
molluscs was s i m i l a r  a c r o s s  t h e  s h e l f ,  suspens ion  
f e e d i n g  echinoderms were c l e a r l y  b e s t  r epresen ted  
on t h e  middle s h e l f ,  and e s p e c i a l l y  a t  s i t e  8C. 
I n  s i t u  o b s e r v a t i o n s  w h i l e  d i v i n g  have shown t h a t  -- 
t h e  d e n d r o c h i r o t e  h o l o t h u r i a n s  and c r i n o i d s  a r e  
r h e o p h i l i c  and a c r o p h i l i c  behaviour  i s  f r e q u e n t .  
Most s p e c i e s  a r e  l a r g e l y  r e s t r i c t e d  t o  t h e  n a t u r a l  
i s o l a t e s  ( d i s c u s s e d  above) which form i s l a n d s  of 
ha rd  s u b s t r a t e  i n  a  "sea" of o t h e r w i s e  u n s t a b l e  
so f t - sed iment .  The e l e v a t i o n  provided by such 
s u b s t r a t e  can s u b s t a n t i a l l y  i n c r e a s e  t h e  resources  
a v a i l a b l e  t o  p a s s i v e  suspens ion  f e e d e r s  (Fedra  
1977). However, t h i s  a s s o c i a t i o n  wi th  hard 
s u b s t r a t e  c l e a r l y  d i d  n o t  c o n t r o l  c r i n o i d  
abundance a t  8C, which had t h e  h i g h e s t  numbers of 
c r i n o i d s  b u t  t h e  s m a l l e s t  amount of b iogen ic  
r u b b l e  of t h e  middle s h e l f  s i t e s  ( f i g u r e  2) .  The 
e x p l a n a t i o n  l a y  i n  t h e  f a c t  t h a t  the  two most 
abundant  c r i n o i d s  a t  t h e  s i t e  (Comatula r o t a l a r i a ,  
C. c r a t e r a ) ,  a t  l e a s t  a s  a d u l t s ,  do no t  r e q u i r e  
hard s u b s t r a t e ,  s u p p o r t i n g  themselves on t h e i r  
arms on t h e  s u r f a c e  of t h e  sediment .  Why shou ld  
t h e  environment a t  8C be f a v o u r a b l e  t o  l a r g e ,  
e p i f a u n a l  suspens ion  f e e d i n g  echinoderms? S e v e r a l  
p o s s i b i l i t i e s  c a n  be advanced, i n c l u d i n g  inc reased  
bottom s t a b i l i t y  a t  t h e  g r e a t e r  d e p t h s  and hence 
a l s o  lower t u r b i d i t y ,  g r e a t e r  a v a i l a b i l i t y  of 
suspended food e i t h e r  through c u r r e n t s  o r  because 
of t h e  e f f e c t s  of p u l s e s  of upwelled,  n u t r i e n t  
r i c h  w a t e r ,  a s  sugges ted  by Andrews and Gentien 
(1982).  

The g r e a t e r  abundance of suspens ion  feed ing  
mol luscs  a t  2C is  p a r t l y  exp la ined  by t h e  
numerical  dominance of j u v e n i l e  p t e r i i d  b i v a l v e s  
e p i z o i c  on p lumula r i id  h y d r o i d s ;  t h i s  f l e x i b l e  
s u b s t r a t e  is n o t  used by any echinoderm. The 
m a j o r i t y  however, were i n f a u n a l  suspens ion  feed ing  
b i v a l v e s  which may-be f u n c t i o n a l l y  d i f f e r e n t  from 
t h e  l a r g e r  e p i f a u n a l  echinoderms and a r e  o f t e n  put 
i n  a  d i s t i n c t  t r o p h i c  c a t e g o r y  (Walker & Bambach 
1974). 

The d i s t r i b u t i o n  of c a r n i v o r o u s  mol luscs  was a l s o  
d i f f e r e n t  from t h a t  of c a r n i v o r o u s  echinoderms, 
wi th  t h e  former dominant a t  middle s h e l f  s i t e s  and 
t h e  l a t t e r  inshore .  T h i s  may r e f l e c t  t h e  
d i f f i c u l t y  of  p l a c i n g  a  s p e c i e s  unambiguously i n  a  
s i n g l e  t r o p h i c  ca tegory .  Many of t h e  middle s h e l f  
a s t e r o i d s  i n  our  g e n e r a l i s e d  browser c a t e g o r y  have 
been c l a s s i f i e d  a s  c a r n i v o r e s  by Jangoux (1982). 
P h i l i n e ,  a  numer ica l ly  dominant mollusc a t  2C, 
a l though  u s u a l l y  c a r n i v o r o u s  (Kohn lP983), was 
c l a s s i f i e d  a s  a  d e p o s i t  f e e d e r  based on g u t  
c o n t e n t  a n a l y s e s  of specimens a t  t h a t  s i t e .  

A l l  bu t  one of t h e  numer ica l ly  dominant echinoderm 
and mollusc c a r n i v o r e s  were i n f a u n a l  f e e d e r s .  The 
i n n e r  s h e l f  s i t e  was dominated by As t ropec ten  
v e l i t a r i s  which f e e d s  p r i m a r i l y  on b i v a l v e  and 
gas t ropod  mol luscs  and s m a l l  c r u s t a c e a n s  (Lemmens 
1986). Its h i g h  numbers a t  2C may be due t o  t h e  
e a s e  of f e e d i n g  i n  s o f t  mud compared wi th  t h e  more 
compact sediment  of  t h e  middle s h e l f ,  r a t h e r  than  
s imply p rey  a v a i l a b i l i t y ;  l a r g e  specimens a r e  
conf ined  t o  o f f s h o r e  s i t e s .  The middle s h e l f  
molluscan c a r n i v o r e s  were dominated by gas t ropods  
f e e d i n g  p r i m a r i l y  on  s e d e n t a r y  po lychae tes .  Th i s  
a l s o  does no t  s imply r e f l e c t  a v a i l a b i l i t y  of prey 
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items as there is a rich polychaete fauna within 
the inner shelf zone (Arnold 1979). 

The overall proportion of deposit feeders was 
similar for the echinoderms and molluscs (24% and 
26% of total abundance, respectively) and they 
formed a substantial proportion at all sites. 
However, there was a condiderable discrepancy 
between numbers of deposit feeding echinoderms and 
molluscs, especially at 2C and 6C. This may 
largely reflect patchiness in space and/or time of 
numerically dominant deposit feeders such as 
Peronella orbicularis on the middle shelf (pers. 
obs.) and Laganum depressum which, while rare at 
2C, could occur in large numbers at other sites on 
the inner shelf (Birtles & Arnold 1983). 

The clearest pattern in the data was the 
separation of the inner site 2C from the outer 
sites. It differed not only in taxonomic 
composition, but in the proportional abundance of 
some of the feeding types represented. This is 
especially well shown by the browsers. In the 
middle shelf zone, sites with higher 
concentrations of biogenic rubble and natural 
isolates (e.g. site 4C) provided both food 
resources (as evident from distribution of 
browsers) as well as hard substrate for acrophilic 
and rheophilic suspension feeders, especially 
crinoids and dendrochirote holothurians. These 
suspension feeders and the predominantly 
suspension feeding species which comprise the 
isolates, may represent an important pathway along 
which energy is passed from the water column to 
the benthos (Fedra 1977). Especially where such 
natural isolates are formed from relatively long- 
lived organisms (e.g. large stolidobranch 
ascidians, sponges), they may be vulnerable to 
short-term but frequent disturbances such as 
trawling concentrated in particular areas. This 
is in contrast to the inner shelf zone where the 
bottom appears to be more unstable and there is 
less biogenic hard substrate. 

Our demonstration of substantial variation in 
epibenthic taxa and functional groups over the 
scale of tens of kilometres, and at least 
partially linked to variability in substrate 
across the shelf, indicates that caution is 
necessary in making generalisations. It belies 
the recent attempt to include the whole central 
Great Barrier Reef shelf benthos into a single 
"super-community" (Goeden and Watson 1987). We 
suggest that an important implication of this is 
that the distinct zones across the shelf which we 
have demonstrated will probably require different 
management strategies. At a different level, such 
small-scale variability may confuse attempts to 
make broad-scale inter-regional comparisons. We 
thus question the validity of the attempt by 
Petersen and Curtis (1980) to contrast ,latitudinal 
patterns of energy flow, given that they used only 
a single location in Thailand to represent all 
tropical marine shelf soft sediment habitats. 
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Appendix I. Trophic categories of echinoderms (103 species) and gastropod molluscs (124 species). 
Values are the number of species per family within the trophic category. 

TROPEIC GROUP ECEINODEBnS GASTROPOD MOLLUSCS -------------- ......................................... ........................................... 
Asterinidae 1 Acteonidae 1 Muricidae 14 
Astropectinidae 2 Atyidae 2 Nassariidae 3 
Luidiidae 2 Buccinidae 2 Naticidae 1 

CARNIVORES Ophiodermatidae 3 Bursidae 2 Pleurobranchidae 1 
Ophiuridae 1 Conidae 8 Ranellidae 7 

Coralliophilidae 1 Terebridae 2 
Costellariidae 6 Turbinellidae 1 
Fasciolariidae 3 Turridae 13 
Melongenidae 1 Volutidae 3 
Mitridae 1 ------------- ......................................... ........................................... 

Amphiuridae 3 Laganidae 5 Cerithiidae 3 Trochidae 2 
Brissidae 1 Lovenidae 1 Eulimidae 2 Euchelus atra 

DEPOSIT Caudinidae 1 Ophiotrichidae 2 Philinidae 1 Monilia lentiginosa 
FEEDERS Clypeasteridae 1 Stichopodidae 2 Pyramidellidae 1 Xenophoridae 3 

Coniasteridae 1 Synaptidae 2 Strombidae 5 
Holothuriidae 8 

------------- ......................................... ........................................... 
Antedonidae 1 Ophiacanthidae 1 Siliquariidae 3 
Colobometridae 1 Ophiactidae 2 Trochidae 2 

SUSPENSION Comasteridae 8 Ophiocomidae 1 Umbonium spp. 
FEEDEBS Cucumariidae 11 Ophionereidae 1 Vermetidae 1 

Euryalidae 1 Ophiotrichidae 10 
Himerometridae 1 Phyllophoridae 5 
Mariametridae 1 Zygometridae 2 ------------- ......................................... ........................................... 
Cidaridae 1 Pterasteridae 1 Aplysiidae 1 Ovulidae 1 
Echinasteridae 1 Temnopleuridae 6 Architectonicidae 2 Polyceridae 1 

BROWSERS Coniasteridae 3 Toxopneustidae 2 Cypraeidae 2 Tr iphoridae 2 
Metrodiridae 1 Dorididae 7 Trochidae 3 
Ophidiasteridae 2 Fissurellidae 5 Turbinidae 2 
Oreasteridae 3 Lamellariidae 1 ------------- ......................................... ........................................... 

PARASITES Ophiotrichidae 1 Hipponycidae 2 
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