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A B STR A C T: F ish  co m m u n ity  s tru c tu re  of a  n o n -e s tu a r in e  in la n d  b a y  o n  th e  C a r ib b e a n  is la n d  of 
C u ra ç a o  w a s  d e te rm in e d  in  th e  m a n g ro v e s , s e a g ra s s  b e d s , a lg a l b ed s , c h a n n e l , fo ssil re e f  b o u ld e rs , 
n o tc h e s  in  fossil re e f  ro ck , a n d  on  th e  a d ja c e n t  co ra l re e f , u s in g  v isu a l c e n su s e s  in  b e l t  tra n se c ts . F ish  
c o m m u n itie s  v a r ie d  a m o n g  b io to p es, b u t so m e  o v e rla p  w a s  p re s e n t. F ish  d e n s ity  a n d  sp e c ie s  r ic h n e ss  
w e re  h ig h e s t  a t  th e  b o u ld e rs  a n d  on  th e  co ra l re e f , a n d  e x tre m e ly  lo w  o n  th e  a lg a l b e d s , w h e re a s  th e  
to ta l n u m b e r  of in d iv id u a ls  c a lc u la te d  fo r th e  e n tire  b a y  w a s  h ig h e s t on  th e  s e a g ra s s  b e d s . D iffe r
e n c e s  in  fish  d e n s itie s  b e tw e e n  b io to p e s  w e re  r e la te d  to  d if fe re n c e s  in  s tru c tu ra l  co m p lex ity  a n d  
a m o u n t of sh e lte r . F ish e s  in  th e  b a y  la rg e ly  c o n s is te d  of 17 (m ain ly  co m m erc ia lly  im p o r ta n t)  re e f  fish  
sp e c ie s , w h ic h  u s e d  th e  b a y  b io to p e s  o n ly  a s  a  n u rs e ry  d u r in g  th e  ju v e n ile  p a r t  of th e i r  life  cycle . 
S m all ju v e n ile s  of th e s e  sp e c ie s  w e re  m o s t o fte n  fo u n d  in  th e  m a n g ro v e s , w h e re a s  a t  in te rm e d ia te  
s iz e s  so m e  w e re  fo u n d  in  th e  c h a n n e l. L a rg e  in d iv id u a ls  a n d  a d u lts  w e re  fo u n d  o n  th e  ree f , a n d  d e n 
s itie s  of s e v e ra l  of th e s e  sp e c ie s  w e re  h ig h e r  o n  th e  r e e f  n e a r  th e  b a y  th a n  o n  re e fs  lo c a te d  fa r th e r  
d o w n -c u r re n t . F ish e s  w h ic h  s p e n t th e i r  e n ti re  life cy c le s  in  e ith e r  th e  b a y  o r o n  th e  co ra l re e f  w e re  
a lso  fo u n d , a n d  th e  la t te r  g ro u p  sh o w e d  a s t ro n g  d e c re a s e  in  a b u n d a n c e  w ith  in c re a s in g  d is ta n c e  in to  
th e  bay . T h e  d e n s ity  d is tr ib u tio n  of in d iv id u a l f ish  sp e c ie s  w a s  n o t h o m o g e n e o u s  w ith in  th e  bay . In 
th e  m a n g ro v e s  a n d  s e a g ra s s  b ed s , s p a t ia l  d is tr ib u tio n  of f ish e s  w a s  c o rre la te d  w ith  d is ta n c e  to  th e  
m o u th  of th e  bay , w a te r  tra n sp a re n c y , a m o u n t of sh e lte r , a n d  th e  s tru c tu ra l co m p lex ity  of th e  b io to p e . 
Ju v e n i le s  of 3 r e e f  sp e c ie s  sh o w e d  a n  in c re a s e  in  s ize  on  th e  s e a g ra s s  b e d s  w ith  d is ta n c e  fro m  th e  
m o u th  in to  th e  b ay , w h e re a s  1 b a y  sp e c ie s  sh o w e d  a  d e c re a s e  in  s ize  w ith  th is  d is ta n c e .

KEY W O RD S: M a n g ro v e s  • S eag rass  b e d s  • C o ra l re e f  fish  • N u rse ry  • H a b ita t a sso c ia tio n  • C o m m u n ity  
s tru c tu re  • H a b ita t  co m p lex ity

---------------------------------------R esa le  o r repub lica tion  n o t p e rm itte d  w ith o u t w ritten  c o n se n t o f  the  p u b l is h e r ---------------------------------------

IN TR O D U C TIO N

C o n s id e ra b le  k n o w le d g e  h a s  b e e n  g a in e d  a b o u t  th e  
im p o rta n c e  of tr o p ic a l a n d  te m p e ra te  e s tu a r ie s  a n d  
la g o o n s  fo r fish es . T ro p ica l e s tu a rie s  o r la g o o n s  m a y  
c o n ta in  fre sh w a te r , e s tu a r in e -d e p e n d e n t,  co ra l ree f , as 
w e ll as p e la g ic  f ish e s . M a n y  e s tu a r ie s  a n d  la g o o n s  in

•C orresponding author. E-mail: gerardv@sci.kun.nl

th e  C a rib b e a n , In d ian  O c e a n  a n d  th e  P ac ific  O cean  
fu n c tio n  a s  n u rs e r ie s  fo r ju v e n ile  fish  (P o lla rd  1984, 
P a rr ish  1989, R o b e rtso n  & B la b e r  1992). In  th e  tro p ica l 
w e s te rn  A tlan tic , m o s t s tu d ie s  o n  fish  co m m u n itie s  
fo c u s se d  o n  e s tu a r ie s  o r  la g o o n s  o n  m a in la n d  coasts  
(e .g . S p rin g e r  & M cE rlean  1962, P e r re t  & C a illo u e t 1974, 
W e in s te in  & H e c k  1979, S o g a rd  e t  al. 1987, T h a y e r  e t 
a l. 1987, Y á ñ e z -A ran c ib ia  1988, R ozas & M in e llo  1998). 
L ess  a tte n tio n  h a s  b e e n  p a id  to  e s tu a r ie s  a n d  la g o o n s
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o n  is la n d  lo c a tio n s  (R obb lee  & Z iem an  1984, S to n e r 
1986, B ae ld e  1990, R ooker & D en n is  1991). S tu d ie s  of 
fish  c o m m u n itie s  o n  is la n d  lo ca tio n s  in  n o n -e s tu a r in e  
in la n d  b a y s  a re  la rg e ly  la c k in g  (e .g . v a n  d e r  V e ld e  e t 
al. 1992, N a g e lk e rk e n  e t  al. 2000b).

L ag o o n s  c a n  c o n ta in  a  v a r ie ty  of b io to p es, su c h  as 
m a n g ro v e s , s e a g ra s s  b e d s , a lg a l b e d s , a re a s  w ith  b a re  
s e d im e n t, c h a n n e ls , s a n d - ru b b le  z o n e s  o r p a tc h  ree fs . 
T h e  l in k a g e s  of f ish e s  b e tw e e n  th e s e  b io to p es  re m a in  
la rg e ly  u n k n o w n  (O g d e n  & G la d fe lte r  1983, P a rr ish
1989), a s  m o s t s tu d ie s  h a v e  fo c u se d  o n  s in g le  b io to p e s  
(e.g, S p r in g e r  & M c E rle a n  1962, W ein s te in  & H e c k  
1979, R o b b lee  & Z ie m a n  1984, S to n e r  1986, S o g a rd  e t 
al. 1987). L ittle  in fo rm a tio n  is p r e s e n t  on  u tilisa tio n  of 
m u ltip le  n u rs e ry  b io to p e s  b y  fishes, a n d  o n to g e n e tic  
m ig ra tio n s  b e tw e e n  d if fe re n t b io to p e s  w ith in  lag o o n s . 
H e a ld  & O d u m  (1970) a n d  R o o k er & D en n is  (1991) 
n o tic e d  th a t  th e  m a n g ro v e s  a re  o ften  u se d  as a  h a b ita t 
for in te rm e d ia te  l i fe -s ta g e s  b y  f ish e s  b e fo re  th e y  m o v e  
to  th e  co ra l re e f . O n ly  so m e s tu d ie s  h a v e  a tte m p te d  to  
c o m p a re  2 o r m o re  b io to p e s  s im u ltan eo u sly , b u t o ften  
w ith  a  d if fe re n t m e th o d o lo g y  (e .g . T h a y e r  e t al. 1987, 
A co sta  1997). D iffe re n c e s  in  b io to p e  s tru c tu re , lo ca tio n  
of s tu d y  a re a , ty p e  of la g o o n , f ish in g  te c h n iq u e , a n d  
o b se rv e rs  m a k e  c o m p a r iso n s  of fish  fa u n a s  b e tw e e n  
va rio u s  b io to p e s  d ifficu lt. In -d e p th  s tu d ie s  u s in g  a 
s in g le  m e th o d o lo g y  in  a  s in g le  la g o o n  o n  a v a r ie ty  of 
b io to p e s  a re  th e re fo re  v e ry  im p o r ta n t (e.g. v a n  d e r  
V e ld e  e t  al. 1992, S e d b e r ry  & C a r te r  1993, A p p e ld o o rn  
e t al. 1997, N a g e lk e rk e n  e t  al. 2000b) to e lu c id a te  
th e  ro le s  of d if fe re n t b a y  b io to p e s  w ith  re s p e c t to  th e  
n u rse ry  fu n c tio n .

M a n g ro v e s  a n d  s e a g ra s s  b e d s  h a v e  re c e iv e d  c o n s id 
e ra b le  a tte n tio n  w ith  r e s p e c t  to  th e i r  n u rs e ry  fu n c tio n . 
S e v e ra l h y p o th e s e s  h a v e  b e e n  p ro p o s e d  to  e x p la in  th e  
h ig h  a b u n d a n c e  of (ju v en ile ) f ish e s  in  th e s e  b io to p es , 
b a s e d  o n  a v o id a n c e  o f p re d a to rs ,  th e  a b u n d a n c e  of 
food  a n d  in te rc e p t io n  of fish  la rv a e . T h e y  in c lu d e  th e  
fo llow ing : (1) th e  s t ru c tu r a l  c o m p lex ity  of th e s e  b io 
to p e s  p ro v id e  e x c e l le n t s h e l te r  a g a in s t  p re d a to rs  (P ar
r ish  1989, R o b e rtso n  & B lab e r 1992); (2) th e s e  b io to p es  
a re  o ften  lo c a te d  a t  a  d is ta n c e  from  th e  co ra l re e f  or 
from  o ff-sh o re  w a te rs  a n d  a r e  th e re fo re  less  f r e q u e n 
te d  b y  p re d a to rs  (S h u lm a n  1985, P a rr ish  1989); (3) th e  
re la tiv e ly  tu rb id  w a te r  of th e  la g o o n s  a n d  e s tu a rie s  
d e c re a s e  th e  fo ra g in g  e ff ic ie n c y  of p re d a to rs  (B lab e r & 
B lab e r 1980, R o b e rtso n  & B la b e r  1992); (4) th e s e  b io 
to p e s  p ro v id e  a g r e a t  a b u n d a n c e  of food  fo r fishes 
(O dum  & H e a ld  1972, C a r r  & A d am s 1973, O g d e n  & 
Z iem an  1977); a n d  (5) th e s e  b io to p e s  o ften  co v e r 
e x te n s iv e  a r e a s  a n d  m a y  in te rc e p t  p la n k to n ic  fish  la r 
v a e  m o re  e ffec tiv e ly  th a n  th e  co ra l re e f  (P arrish  1989).

S tru c tu ra l c o m p le x ity  of m a n g ro v e s  a n d  s e a g ra s s  
b e d s  h a s  b e e n  sh o w n  to  h a v e  a n  e ffec t on  th e  fish  
a b u n d a n c e  a n d  sp e c ie s  r ic h n e ss . F o r th e  m a n g ro v e s ,

th e  a m o u n t of p ro p -ro o ts , p n e u m a to p h o re s  a n d  m a n 
g ro v e  d e b r is  (e .g . p ie c e s  of w o o d  a n d  le av e s) a r e  lik e ly  
to  p la y  a ro le  (R o b e rtso n  & B la b e r  1992). F or th e  s e a 
g ra s s  b e d s , v a r ia b le s  su c h  as s e a g ra s s  b io m a ss  an d  
d en sity , a n d  le a f  d e n s i ty  h a v e  b e e n  c o r re la te d  w ith  fish  
d e n s i ty  a n d  sp e c ie s  r ic h n e s s  (S to n e r 1983, B ell & W est- 
o b y  1986, S o g a rd  e t  a l. 1987). W h en  th e  ju v e n ile  f ish es  
o u tg ro w  th e  p ro te c tio n  p ro v id e d  b y  th e s e  b io to p es , th e  
f ish e s  sh o w  a n  o n to g e n e tic  m ig ra tio n  to  th e  co ra l re e f  
o r o ff -sh o re  w a te r  (O g d e n  & E h rlich  1977, W e in s te in  
& H e c k  1979, S h u lm a n  1985, R o o k er & D en n is  1991). 
M o st of th e s e  o n to g e n e tic  m ig ra tio n s  h a v e  b e e n  d e s 
c r ib e d  q u a lita tiv e ly , a n d  few  q u a n ti ta t iv e  s tu d ie s  h a v e  
b e e n  d o n e  (e.g. N a g e lk e rk e n  e t  al. 2000b).

T h e  p re s e n t  s tu d y  w a s  c a rr ie d  o u t in  a  n o n -e s tu a r in e  
in la n d  b a y  on  th e  C a r ib b e a n  is la n d  of C u ra ç a o . To e n 
a b le  c o m p a riso n s  b e tw e e n  d if fe re n t b a y  b io to p e s  a 
s in g le  m e th o d o lo g y , v is u a l c e n su s e s  in  b e l t  tra n se c ts  
w e re  u s e d  to  s tu d y  th e  a b u n d a n c e , sp e c ie s  r ic h n e ss  
a n d  s iz e  s tru c tu re  of f ish e s  in  6 b a y  b io to p e s  a n d  o n  th e  
a d ja c e n t co ra l reef.

T h e  o b je c tiv e s  of th e  p r e s e n t  s tu d y  w e re  to  a n sw e r  
th e  fo llo w in g  q u es tio n s : (1) W hich  f ish e s  a re  a s so c ia te d  
w ith  w h ic h  b a y  b io to p es , a n d  w h a t d if fe re n c e s  a re  
fo u n d  in  th e  fish  co m m u n ity  s tru c tu re  b e tw e e n  d if fe r
e n t  b a y  b io to p es?  (2) W h a t is th e  im p o r ta n c e  of th e  b ay  
b io to p e s  a s  a  n u rs e ry  fo r re e f  fishes, a n d  w h a t o n to g e 
n e tic  sh ifts  in  h a b ita t  a sso c ia tio n  a re  p r e s e n t  in  th e s e  
sp e c ie s?  (3) Is th e re  a s p a t ia l v a r ia tio n  in  to ta l fish  d e n 
sity, sp e c ie s  ric h n e ss , a n d  d e n s ity  a n d  s ize  s tru c tu re  of 
in d iv id u a l fish  sp e c ie s  w ith in  th e  bay , a n d  is th is  s p a 
tia l  v a r ia tio n  re la te d  to  e n v iro n m e n ta l v a ria b le s , s t ru c 
tu r a l  c o m p lex ity  of th e  b io to p e , a n d  d is ta n c e  to  th e  
c o ra l reef?

MATERIALS A N D  M ETH O D S

Study area . T h e  p re s e n t  s tu d y  w a s  c a r r ie d  o u t in  th e  
S p a n is h  W a te r B ay in  C u ra ç a o , N e th e r la n d s  A n tilles  
(Fig. 1). T h e  m o u th  of th is  s h e l te re d  b a y  is s i tu a te d  on 
th e  le e w a rd  c o a s t n e a r  th e  s o u th e a s te rn  e n d  of th e  is 
la n d , a n d  is 85 m  w id e  a n d  p ro te c te d  b y  a  sill w ith  a 
m a x im u m  d e p th  o f 6 m. T h e  b a y  is  c o n n e c te d  to  th e  sea  
b y  a  re la tiv e ly  lo n g  (1.1 km ) a n d  d e e p  c h a n n e l w h ich  
c o n tin u e s  in to  th e  c e n tra l p a r t  of th e  b ay . A p a r t from  
th e  c h a n n e l, th e  b a y  is re la tiv e ly  sh a llo w  (d e p th s  < 6 m). 
T h e  a v e ra g e  d a ily  tid a l ra n g e  is 30 cm  (de H a a n  & Z an- 
ev e ld  1959). M e a n  (± SD) w a te r  te m p e ra tu re  a n d  s a l
in ity  d u r in g  th e  s tu d y  p e rio d  (N o v em b er 1997 th ro u g h  
A u g u s t 1998) a t th e  12 s tu d y  s ite s  in  th e  b a y  w e re  28.3 ± 
0 .2°C  a n d  35.4 ± 0.2 %o, re sp ec tiv e ly , a n d  o n  th e  r e e f  ju s t 
o u ts id e  th e  b a y  27 .5  ± 1.2°C a n d  35 .0  ± 0 .2 %o, r e s p e c 
tiv e ly  (see  T a b le  1). T h e  re s tr ic te d  ra n g e  of sa lin ities 
d e m o n s tra te s  th e  ocean ic  n a tu r e  of th e  bay . T h e  b a y  h a s
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Fig. 1. M ap of the Spanish Water 
Bay show ing the location of the 
study sites (1 to 12). The algal 
beds generally cover the area 
betw een the seagrass beds and 
th e  channel (located a t the 10 m 
isobath); the boulders are located 
betw een  the seagrass beds and 

the fossil reef terrace

re la tiv e ly  c le a r  w a te r  w ith  a n  a v e ra g e  t r a n s 
p a re n c y  of 6 .2  ± 2.1 m . H ig h e s t m e a n  w a te r  
t r a n s p a re n c y  w a s  fo u n d  n e a r  th e  m o u th  (8.1 
± 3.1 m ) a n d  in  th e  w e s te rn  p a r t  of th e  b a y  
(7.4 ± 2.2 m ), w h e re a s  th e  lo w e s t m e a n  t r a n s 
p a re n c y  w a s  fo u n d  in  th e  e a s te rn  p a r t  (4.4 ± 
1.2 m). T h e  m e a n  tr a n s p a re n c y  o n  th e  re e f  
ju s t  o u ts id e  th e  b a y  m e a s u re d  17.5 ±  4 .6  m. 
T h e  b o tto m  in  th e  e a s te rn  p a r t  of th e  b a y  is 
d o m in a te d  by  fin e  s e d im e n t a re a s , w h e re a s  
in  th e  w e s te rn  p a r t  it  is la rg e ly  c o m p o se d  of 
c o a rse  s e d im e n t (K u en en  & D e b ro t 1995).

A  p re -s tu d y  s u rv e y  in  th e  S p a n is h  W a te r 
B ay  re v e a le d  6 m a in  b io to p es . T h e s e  a re  th e  
m a n g ro v e s , s e a g ra s s  b e d s , a lg a l  b e d s , c h a n 
n e l, n o tc h e s  in  fossil r e e f  ro c k , a n d  fo ssil re e f  
b o u ld e rs  (Fig. 1). D a ta  w e re  co lle c ted  in  e a c h  
of th e s e  b io to p es , a n d  on  th e  c o ra l r e e f  a lo n g  
th e  co as t of th e  is lan d .

Table 1. M eans and variation of environm ental variables and habitat 
structure of mangroves and seagrass beds of the 12 study sites in the bay

M ean (SD) Range

Environmental variables
W ater transparency (m) 
W ater tem perature (°C) 
W ater salinity (%o)

6.2 (2 .1)
28.3 (0.2)
35.4 (0.2)

2.4-11.0
27,0-31.4
34.3-36.3

Mangrove
Length along shoreline (m)
Width of mangrove fringe (m)
W ater depth  (m)
Density of prop-roots (m~2)
Relative length of prop-roots (%)
Light intensity betw een prop-roots (pE m~2)

27 (11)
1.4 (0.5) 
0.8 (0 .2)
7.4 (5.9) 

70.1 (13.2) 
19.0 (14.2)

10-57 
0.5-2.7 
0.4-1.1
2.0-34.6 

42.5-100.0
3.0-69.2

Seagrass bed
Seagrass cover (%)
H eight of seagrass (cm) 
Density of seagrasses (m~2)

81 (12) 
22 (8) 

143 (66)

45-98
10-45
40-284
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T h e  r e d  m a n g ro v e  R h izo p h o ra  m a n g le  d o m in a te s  
th e  sh o re s  of th e  b a y  a n d  is m o s t a b u n d a n t  in  th e  e a s t 
e rn  p a r t  o f th e  bay . In  o th e r  p a r ts  of th e  bay , th e  m a n 
g ro v e s  c o n sis t of is o la te d  s ta n d s . T h e  m a n g ro v e  s ta n d s  
s tu d ie d  w e re  o n  a v e ra g e  27 m  lo n g  (i.e. d is ta n c e  a lo n g  
th e  sh o re) a n d  1.4 m  w id e  (i.e. fro m  th e  o u te r  m a n -  
g ro v e - fr in g e  to  th e  sh o re lin e ) , a n d  th e  w a te r  d e p th  
u n d e r  th e  m a n g ro v e s  w a s  o n  a v e ra g e  0.8 m  (T ab le  1).

T h e  s h o re lin e  a re a s  of th e  sh a llo w  p a r ts  of th e  b a y  
a r e  d o m in a te d  b y  tu r t le  g ra ss  T ha lassia  te s tu d in u m . 
S e a g ra s s  is fo u n d  a t  d e p th s  of 40  cm  to  3 m , b u t  in  th e  
tu rb id  a re a s  of th e  b a y  it  e x te n d s  o n ly  to  a b o u t 1.5 m  
d e p th . M e a n  s e a g ra s s  co v e r w a s  8 1 % , a n d  th e  s e a 
g ra s s  le a v e s  p ro tru d e d  on a v e ra g e  22 cm  a b o v e  th e  
s e d im e n t (T ab le  1).

A t d e p th s  of 2 to  6 m , w h e re  l ig h t le v e ls  d e c re a s e , 
T ha lassia  te s tu d in u m  is  a lm o s t co m p le te ly  r e p la c e d  
b y  m a c ro a lg a l sp e c ie s  s u c h  as H a lim e d a  o p u n tia , H . 
in crassa ta , C ladophora  sp . a n d  C a u lerp a  vertic illa ta  
(K u en en  & D e b ro t 1995). T h e  den sity , a r e a l  c o v e r  a n d  
e le v a tio n  of th e  a lg a e  a re  v e ry  low , h o w e v e r. H en ce , 
th e  a lg a l  b e d s  a re  sp a rse ly  v e g e ta te d  a n d  p ro v id e  little  
s h e l te r  fo r fish .

In  th e  c e n tra l  p a r ts  of th e  bay , a t  a b o u t  6 m  d e p th , th e  
b o tto m  a b ru p tly  tu rn s  in to  a  d e e p  c h a n n e l w ith  a s te e p  
s lo p e  a n d  a h ig h  tu rb id ity . T h e  c h a n n e l is 11 to  18 m  
d e e p , re a c h in g  its  g re a te s t  d e p th  n e a r  th e  e n tr a n c e  of 
th e  bay . O n  th e  s lo p es  of th e  c h a n n e l, so m e  sm a ll a n d  
la r g e  b o u ld e rs  of fossil r e e f  ro c k  a re  fo u n d , m a in ly  
c o v e re d  w ith  f ila m e n to u s  a lg a e , T h e  so ft b o tto m  of th e  
c h a n n e l is  a lm o s t co m p le te ly  d e v o id  of v e g e ta tio n .

T h e  sh o re  o n  th e  so u th e rn  p a r t  of th e  b a y  la rg e ly  
c o n sis ts  of a fo ssil re e f  te r ra c e  (up to  3 m  h ig h ) w h ic h  
p a r t ly  e x te n d s  in to  th e  w a te r . A t a n d  u n d e r  th e  w a te r  
lin e , b io c h e m ic a l so lu tio n  h a s  fo rm e d  n o tc h e s  in  th e  
fo ssil re e f  te r ra c e  (d e  B u iso n jé  & Z o n n e v e ld  1960), 
a p p ro x im a te ly  0.5 m  b e lo w  th e  w a te r  le v e l a n d  cu t 
a b o u t  0.8 m  in to  th e  r e e f  te r ra c e , B e c a u se  th e  n o tc h e s  
a r e  s h a d e d  by  th e  re e f  te r ra c e  m a te r ia l  a b o v e , th e y  
re c e iv e  little  a m b ie n t l ig h t a n d  th e i r  ro ck y  su r fa c e  is 
o n ly  sp a rse ly  c o v e re d  w ith  sm a ll f le sh y  a n d  f i la m e n 
to u s  a lg a e . S m all to  m e d iu m -s iz e d  ro c k s  a re  o fte n  
lo c a te d  ju s t  in  f ro n t of th e  n o tc h e s .

M a ss iv e  b o u ld e r s  w h ic h  h a v e  b ro k e n  off th e  fossil 
r e e f  te r r a c e  a n d  tu m b le d  in to  th e  w a te r , a re  re g u la r ly

fo u n d  a t  d is ta n c e s  o f  0.5 to  2 m  in  f ro n t of th e  re e f  
te r ra c e , o fte n  p a r t ly  e x te n d in g  a b o v e  th e  w a te r  level. 
T h e  m e a n  c ir c u m fe re n c e  of th e  s e le c te d  b o u ld e rs  
m e a s u re d  7.7 ± 3.1 m , a n d  th e  m e a n  w a te r  d e p th  w as  
0 ,6  ± 0.2 m . A t th e  b o t to m /w a te r  in te r fa c e , th e  b o u ld e rs  
m o s tly  co n ta in  sh a l lo w  c ra c k s  a n d  h o les , m e a s u r in g  
0.13 ± 0 .09 m  in  h e ig h t ,  a n d  th e i r  fu ll e x te n t w a s  a lo n g  
30 + 26 % of th e  to ta l c ir c u m fe re n c e  of th e  b o u ld e r . T he  
ro ck y  su r fa c e  of th e  b o u ld e r s  is m a in ly  c o v e re d  by  
sm a ll f le sh y  a n d  f i la m e n to u s  a lg a e .

T h e  f r in g in g  c o ra l re e f  e x te n d s  a lo n g  th e  e n tire  
s o u th w e s te rn  c o a s t o f  th e  is la n d . F ro m  th e  sh o re , a 
s u b m a rin e  te r ra c e  g ra d u a l ly  s lo p e s  to  a  'd ro p -o ff ' a t 
a p p ro x im a te ly  7 to  11 m  d e p th . A t th e  d ro p -o ff, th e  
re e f  s lo p e s  off s te e p ly , so m e tim e s  in te r ru p te d  b y  a 
sm a ll te r ra c e  a t  50  to  60 m , a n d  e n d s  in  a  s a n d y  p la in  
a t  80 to  90 m  (B ak 1975). F o r  a  d e ta i le d  d e sc r ip tio n  of 
th e  re e f  s tru c tu re  a n d  d is tr ib u tio n  of co ra ls  o n  th e  ree fs  
of C u ra ç a o  se e  B a k  (1975).

Study d esign . A ll q u e s tio n s  a s k e d  in  th e  p re s e n t  s tu d y  
co u ld  b e  a n s w e re d  w ith  a  s in g le  s tu d y  d e s ig n : d en s itie s  
a n d  le n g th s  of a ll f ish  sp e c ie s  w e re  d e te rm in e d  d u rin g  
d a y tim e  in  a ll th e  m a in  b io to p e s  of th e  S p a n is h  W ate r 
B ay  a n d  on  th e  f r in g in g  co ra l r e e f  o u ts id e  th e  bay , on  a 
re la tiv e ly  w id e  s p a t ia l  sca le . M a n y  f ish e s  sh o w  d iu rn a l 
c h a n g e s  in  h a b ita t  u tilisa tio n , a n d  d a ta  o n  th e  fish  co m 
m u n ity  s tru c tu re  in  t h e  d if fe re n t b io to p e s  a t n ig h t  a re  
p re s e n te d  in  N a g e lk e rk e n  e t  al. (2000a).

T w elv e  s tu d y  s ite s  w e re  s e le c te d  th r o u g h o u t  th e  b ay  
(Fig. 1). N o t a ll of th e  6 b io to p e s  w e re  p re s e n t  a t e a c h  
s ite  (T ab le  2). O n  th e  f r in g in g  co ra l re e f , 5 s tu d y  sites 
w e re  s e le c te d  a t in c r e a s in g  d is ta n c e s  d o w n -c u rre n t of 
th e  b a y  (0.0, 0.5, 3.1, 6 .6 , a n d  11.9 km ). In  all of th e  b ay  
b io to p e s  a n d  o n  th e  c o ra l ree f , 4 re p l ic a te  tra n se c ts  
w e re  ra n d o m ly  s e le c te d  a t e a c h  s tu d y  site . B e c a u se  th e  
a lg a l b e d s  a n d  co ra l r e e f s  w e re  d is tr ib u te d  o v e r  a  r e 
la tiv e ly  la rg e  d e p th  ra n g e , tr a n s e c ts  w e re  p la c e d  at 
s e v e ra l d e p th s  fo r a  r e p r e s e n ta t iv e  sa m p le  o f th e  co m 
m u n ity  s tru c tu re . O n  th e  re e f , a t  e a c h  s tu d y  site , th e  
4 re p l ic a te  tr a n se c ts  w e r e  ta k e n  a t e a c h  of 4 d e p th s : 2, 
5, 10, a n d  15 m  (to ta l = 16 re p l ic a te s  s ite -1). O n  th e  
a lg a l fie ld s , th e  4 re p l ic a te  tr a n s e c ts  w e re  ta k e n  close 
to  sh o re  a t  2 m  d e p th  a s  w e ll a s  in  th e  d e e p e r  p a r t s  of 
th e  b a y  a t  5 m  d e p th  (to ta l = 8 re p l ic a te s  s i te -1). T he 
d a ta  of th e  d if fe re n t d e p th  z o n e s  o n  th e  co ra l r e e f  w e re

Table 2. Comparison of sam pling intensity, depth  and a rea  betw een the 7 different biotopes. The algal bed  and coral reef w ere
censused at multiple depths

M angrove Seagrass bed Algal bed Channel Notch Boulder Coral reef

No. of sites 12 11 10 4 7 6 5
Total no. of transects 129 131 89 32 48 44 108
M ean w ater depth  (m) 0.8 1.5 2, 5 6 0.5 0.6 2, 5, 10, 15
M ean transect area (m2) 38 150 150 75 19 4 150
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p o o le d  in  a ll  an a ly se s ; th is  w a s  a lso  d o n e  fo r th e  a lg a l 
b e d s  a t 2 a n d  5 m  d e p th .

O b se rv a t io n s  in  th e  tr a n s e c ts  w e re  d o n e  b y  3 d if
f e r e n t o b se rv e rs . T h is w a s  re p e a te d  fo r e a c h  tra n s e c t 
3 tim es: o n c e  d u r in g  D e c e m b e r  1997 to  M a rc h  1998 
(in ra n d o m  o rd e r) , a n d  tw ic e  in  A u g u s t 1998. O n e  of 
th e  su rv e y s  in  A u g u s t w a s  d o n e  on ly  fo r th e  m a n 
g ro v e s  a n d  s e a g ra s s  b e d s . A t e a c h  s ite  for e a c h  b io to p e  
a n d  fo r e a c h  s tu d y  p e rio d , th e  4 re p lic a te  tr a n se c ts  
w e re  a v e ra g e d .  T h e se  a v e ra g e s  w e re  u s e d  a s  r e p l i 
c a te s  fo r th e  d if fe re n t a n a ly se s . A lth o u g h  th e  d a ta  
w e re  s a m p le d  in  2 d if fe re n t sea so n s , i t  w a s  n o t in te n 
d e d  fo r a n a ly s is  of te m p o ra l  v a ria tio n . In s te a d , th e  
e ffo rt w a s  fo c u s se d  o n  s tu d y in g  as m a n y  b io to p e s  as 
p o ss ib le  o n  a n  w id e  s p a t ia l  sca le . S e a so n a l v a r ia tio n  in  
d e n s ity  of a b u n d a n t  f ish e s  in  th e  b ay  w as  sm all, c o m 
p a re d  to  th e  d a ily  v a ria tio n  a n d  th e  v a ria tio n  in  d e n s i
tie s  b e tw e e n  d if fe re n t s ite s . L a rg e  flu c tu a tio n s  in  d e n 
s itie s  of f ish e s  in  th e  b a y  d id  n o t occur, s in ce  s e t tle m e n t 
of ju v e n ile s  in  th e  b a y  w a s  e ith e r  co n tin u o u s , o c c u rre d  
re g u la r ly  fo r sm a ll n u m b e rs  of re c ru its , o r w a s  a b se n t. 
A  la rg e  r e c r u i tm e n t  w a v e  w a s  n o tic e d  only  o n ce  d u r 
in g  th e  e n t i r e  s tu d y  p e r io d  fo r O cyu ru s  c h ry su ru s  a n d  
L u tja n u s  m a h o g o n i.  A t se ttle m e n t, d e n s itie s  of th e  fish  
sp e c ie s  m a y  in c re a s e  en o rm o u sly , b u t as a re s u l t  of 
p o s t- s e t t le m e n t m orta lity , d e n s itie s  w ill s t ro n g ly  d e 
c re a s e  a g a in  a f te r  so m e  w e e k s  (S h u lm an  & O g d e n  
1987, a u th o rs ' p e rs .  obs.). D a ta  of re c ru its  in  th e  s in g le  
la rg e  r e c ru i tm e n t  e v e n t w e re  th e re fo re  e x c lu d e d  to 
o b ta in  a  m o re  re p r e s e n ta t iv e  d a ta  set.

T h e  fish  c o m m u n ity  w a s  s tu d ie d  u s in g  v isu a l c e n 
su se s  in  b e l t  tra n se c ts . T h e  a d v a n ta g e s  of th is  te c h 
n iq u e  a re  th a t  i t  is ra p id , n o n -d e s tru c tiv e , in e x p e n s iv e , 
c a n  b e  u s e d  fo r a ll s e le c te d  b io to p e s  of th is  study , th e  
sa m e  a re a s  c a n  b e  r e s u rv e y e d  th ro u g h  tim e , a n d  th e  
re s u lts  c a n  b e  c o m p a re d  w ith  m a n y  o th e r  s tu d ie s  (E n g 
lish  e t  al. 1994). D isa d v a n ta g e s  a re  th e  d if fe re n c e s  in  
a c c u ra c y  in  e s tim a tio n  of n u m b e rs  a n d  sizes  b y  th e  
o b se rv e rs , a n d  f ish e s  m a y  b e  a tt ra c te d  or s c a re d  off by  
th e  o b se rv e rs  (E n g lish  e t al. 1994). M ain ly  S p a riso m a  
c h ry s o p te ru m  a n d  S. r u b r ip in n e  w e re  eas ily  s c a re d  off 
in  th e  b a y  b io to p e s  a n d  th e i r  n u m b e rs  m ay  h a v e  b e e n  
u n d e re s tim a te d . A t th e  b o u ld e rs , so m e n o c tu rn a lly  
a c tiv e  fish  sp e c ie s  h id in g  in  th e  c re v ic e s  m ay  h a v e  
b e e n  u n d e re s t im a te d  too .

S p ec ie s  id e n tif ic a tio n  a n d  q u a n tif ic a tio n  of f ish es  
w e re  firs t th o ro u g h ly  p ra c t is e d  b y  th e  3 o b se rv e rs . 
B e c a u se  m o s t f ish  r e m a in e d  m o re  o r le ss  in  th e  sa m e  
a re a , th e  o b s e rv e r  e ffe c t o n  e s tim a te s  of fish  a b u n 
d a n c e  is e x p e c te d  to  b e  re la tiv e ly  sm a ll in  m o s t b a y  
b io to p es . E s tim a tio n  of f ish  a b u n d a n c e  on ly  p re s e n te d  
so m e  d ifficu lty  in  th e  m a n g ro v e s , b e c a u se  g ru n ts  a n d  
sn a p p e rs  c o n tin u o u s ly  m o v e d  in  b e tw e e n  th e  p ro p -  
roo ts, a n d  v is ib ility  w a s  so m e tim e s  re d u c e d  a s  a re s u lt 
of sh a d in g  b y  th e  m a n g ro v e  can o p y . H o w ev er, a f te r

e x te n s iv e  p ra c tise , a n d  w ith  a id  of a  f la sh lig h t in  d a rk  
m a n g ro v e  a re a s , th e  c e n s u s e s  c o u ld  b e  d o n e  w ith  r e a 
so n a b le  accu racy . A lso  on  th e  c o ra l re e f , fish  m o v ed  
m o re  from  o n e  p la c e  to  a n o th e r , a n d  h e r e  th e  o b s e r 
v e rs  e ffec t in  e s tim a tio n  of fish  a b u n d a n c e  (e sp ec ia lly  
p a rro tf ish e s )  is th o u g h t to  b e  m u c h  s t ro n g e r  th a n  in  th e  
b a y  b io to p es , W ith in - re e f  d a ta  (Fig. 8) w e re  th e re fo re  
ta k e n  b y  a  s in g le  w e ll- tra in e d  o b se rv e r.

T h e  tr a n se c ts  o n  th e  s e a g ra s s  b e d s , a lg a l b e d s  a n d  
co ra l re e f  m e a s u re d  3 x  50 m . In  th e  c h a n n e l  th e y  m e a 
s u re d  3 X 25 m  b e c a u s e  of th e  sm a lle r  a r e a  of th is  
b io to p e . Iso la te d  s ta n d s  of m a n g ro v e  w e re  s e le c te d  
a n d  su rv e y e d  co m p le te ly . T h e  b a n d  of m a n g ro v e s  
f r in g in g  th e  sh o re lin e  w a s  n a r ro w  (up to  a  m ax im u m  of 
2 m ), p e rm it tin g  a  c o m p le te  a n d  a c c u ra te  c e n su s . Iso
la te d  fossil r e e f  b o u ld e rs  w e re  a lso  su rv e y e d  co m 
p le te ly . T h e  n o tc h e s  in  th e  fo ssil re e f  ro c k  a r e  c o n tin u 
o u s a n d  w e re  s tu d ie d  a t e a c h  s ite  in  fo u r  25  m  lo n g  
sec tio n s . F o r a ll tra n se c ts  in  th e  m a n g ro v e s , n o tch es , 
a n d  b o u ld e rs , th e  to ta l tr a n s e c t a r e a  w a s  e s t im a te d  by 
m e a s u r in g  th e  w id th  a t  in te rv a ls  of 5 m  (for th e  b o u l
d e rs  a t  in te rv a ls  of 1 m ) a n d  m u ltip ly in g  th e  m e a n  
w id th  b y  th e  to ta l le n g th  of th e  tra n se c t.

T h e  tr a n se c ts  w e re  m a rk e d  b y  a f in e  ro p e , p la c e d  at 
le a s t  30 m in  b e fo re  th e  s u rv e y  b e g a n  in  o rd e r  to  m in 
im ise  d is tu rb a n c e  effec ts. S C U B A -gear w as  u se d  on  th e  
a lg a l b e d s  a t th e  5 m  d e p th , in  th e  c h a n n e l a n d  on  th e  
co ra l ree f . S n o rk e lin g  g e a r  w a s  u s e d  d u r in g  all o th e r  
v isual su rveys. D uring  e a c h  su rvey , in d iv id u a ls  of a ll fish 
sp e c ie s  w e re  c o u n te d  a n d  th e  to ta l le n g th  of e a c h  fish  
e s t im a te d  in  s ize  c la s se s  of 2.5 cm . A t th e  s ta r t  of th e  
stu d y , s ize  e s tim a tio n  w a s  th o ro u g h ly  p ra c tis e d , a n d  
d u r in g  th e  s tu d y  th is p ra c tic e  w a s  re g u la r ly  re p e a te d .

T h e  su rv e y s  in c lu d e d  a lm o s t all sp e c ie s  w h ic h  w e re  
s e e n  in  th e  tra n se c ts , w ith  th e  e x c e p tio n  of sm a ll or 
c ry p tic  fish  sp e c ie s  su ch  as g o b ie s , b le n n ie s  a n d  car- 
d in a lfish e s . D u e  to  id e n tif ic a tio n  p ro b le m s , B e lo n id ae  
w e re  g ro u p e d  as 'n e e d le f ish e s '.  T h e  s le n d e r  m o ja rra  
E u c in o s to m u s  jo n e s i  a n d  th e  s ilv e r  je n n y  E. g u la  co u ld  
n o t b e  d is tin g u ish e d  in  th e  f ie ld  a n d  w e re  p o o le d  as 
'm o ja rra  sp p .'. A n o th e r  sp e c ie s  of m o ja rra  w h ic h  co u ld  
n o t b e  id e n tif ie d  in  th e  f ie ld , b u t w h ic h  w a s  d is tin 
g u is h a b le  from  th e  m o ja rra  sp p . w a s  la b e l le d  a s  'm o 
ja r r a  sp . 1'. F o r sm a ll sp e c ie s  of th e  p e la g ic  w a te r  
co lu m n  fo rm in g  la rg e  schoo ls, v iz . s ilv e rs id e s , scads , 
h e r r in g s  a n d  an ch o v ie s , on ly  th e  p re s e n c e  w a s  n o ted .

T h e  s tru c tu ra l co m p lex ity  a n d  se v e ra l e n v iro n m e n ta l 
v a r ia b le s  w e re  s tu d ie d  in  m o re  d e ta i l  fo r th e  m a n 
g ro v e s  a n d  s e a g ra s s  b e d s  (see  T a b le  1). D u rin g  th e  
su rv ey s , w a te r  te m p e ra tu re , sa lin ity  a n d  tr a n s p a re n c y  
w e re  m e a s u re d  a t 1 m  d e p th  a t w e e k ly  in te rv a ls  a t 
e a c h  s ite  b e tw e e n  14:00 a n d  16:00 h. T h e  w a te r  t r a n s 
p a re n c y  w a s  m e a s u re d  as th e  m a x im u m  h o riz o n ta l d is 
ta n c e  u n d e rw a te r  a t  w h ic h  th e  b la c k  a n d  w h ite  q u a r 
te r s  of a  S ecch i d isk  cou ld  still b e  d is c e rn e d  se p a ra te ly .
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In  a d d itio n , l ig h t in te n s ity  (PAR) w a s  m e a s u re d  b e 
tw e e n  th e  m a n g ro v e  p ro p - ro o ts  u s in g  a  L I-1000 D a ta 
lo g g e r  (Li-Cor) lig h t-m e te r  w ith  a  co s in e  LI-192SA  u n 
d e rw a te r  q u a n tu m  sen so r. In  th e  m a n g ro v e s , th e  to ta l 
n u m b e r  of s u b m e rg e d  p ro p -ro o ts  a n d  th e ir  to ta l le n g th  
(i.e. from  th e  w a te r  su r fa c e  to  th e  tip  of th e  root) w e re  
d e te rm in e d  a t  in te rv a ls  of 5 m  in  sa m p le  a re a s  of 1 m  
lo n g  a n d  th e  fu ll w id th  of th e  m a n g ro v e  frin g e . T h e  
sizes of th e  s a m p le  a re a s  w e re  m e a s u re d  a n d  th e  p ro p - 
ro o t a b u n d a n c e  e x p re s s e d  a s  th e  m e a n  d e n s ity  of 
p ro p -ro o ts  p e r  m 2. T h e  to ta l le n g th  of th e  su b m e rg e d  
p ro p - ro o ts  w a s  s t a n d a rd is e d  fo r w a te r  d e p th  in  th e  
m a n g ro v e s  a n d  e x p re s s e d  a s  re la tiv e  le n g th  (i.e. as 
p e rc e n ta g e  of th e  to ta l w a te r  d e p th ) . T h e  s ize  of th e  
m a n g ro v e  s ta n d s  w a s  m e a s u re d  a n d  e x p re s se d  as 
le n g th  a lo n g  th e  sh o re lin e , a n d  w id th  of th e  m a n g ro v e  
fr in g e . In  th e  s e a g ra s s  b e d s , 2 q u a d ra ts  of 50  x 50  cm  
w e re  ra n d o m ly  s e le c te d  p e r  tr a n se c t . In  e a c h  q u a d ra t , 
th e  s e a g ra s s  c o v e r  w a s  m e a s u re d  a n d  e x p re s se d  as 
'p e rc e n t s e a g ra s s  c o v e r ', th e  a v e ra g e  h e ig h t of th e  
s e a g ra s s  le a v e s  a b o v e  th e  s e d im e n t m e a s u re d  a n d  
e x p re s s e d  as 'h e ig h t  of s e a g ra s s ',  a n d  th e  to ta l n u m b e r  
of s e a g ra s se s  c o u n te d  (i.e. in d iv id u a l p la n ts )  e x p re s se d  
a s  'd e n s ity  of s e a g ra s s e s  p e r  m 2'. F u rth e rm o re , th e  d is 
ta n c e  from  e a c h  m a n g ro v e /s e a g ra s s  s ite  in  th e  b ay  to 
th e  m o u th  of th e  b a y  w a s  m e a s u re d  a s  th e  sh o r te s t 
ro u te  a fish  c o u ld  tr a v e l b e tw e e n  th o s e  p o in ts .

T h e  to ta l n u m b e r  of in d iv id u a ls  in  th e  e n tire  b a y  of 
a ll fish sp e c ie s  a n d  of n u rs e ry  sp e c ie s  w a s  c a lc u la te d  
fo r e a c h  b io to p e  a s  a n  in d ic a tio n  of w h ic h  b io to p e  
q u a n ti ta tiv e ly  c o n tr ib u te d  m o s t to  th e  to ta l fish  a b u n 
d a n c e  in  th e  e n t i r e  bay . To c a lc u la te  th e  to ta l n u m b e r  
of in d iv id u a ls , fo r e a c h  b io to p e , th e i r  to ta l su rfa c e  a re a  
in  th e  e n ti re  b a y  (i.e. n o t th e  tr a n s e c t a rea s ) w as  m u lti
p lie d  by  th e  m e a n  fish  d e n s i ty  o f a ll sp e c ie s  a n d  of 
n u rs e ry  sp e c ie s , re s p e c tiv e ly  (d a ta  from  Fig. 2a). T h e  
to ta l a re a  of th e  s e a g ra s s  b e d s  (418 047 m 2) a n d  a lg a l 
b e d s  (2 346 616 m 2) w a s  c a lc u la te d  fro m  a m ap . T h e  
to ta l a re a  of th e  m a n g ro v e s  (1 0 4 5 8  m 2) a n d  n o tch es  
(2959 m 2) w a s  c a lc u la te d  b y  m e a s u r in g  th e ir  to ta l 
le n g th  a lo n g  th e  s h o re lin e  of th e  b a y  from  a m ap , a n d  
by  m u ltip ly in g  th is  w ith  th e i r  m e a n  w id th . F or th e  
c h a n n e l (68 431 m 2) th e  to ta l le n g th  in  th e  c e n tra l p a r t  
of th e  b a y  a n d  in  th e  n a r ro w  e n tr a n c e  to  th e  re e f  w as  
c a lc u la te d  from  a  m a p , a n d  m u ltip lie d  w ith  th e  w id th  
of th e  c h a n n e l s lo p e  (a p p ro x im a te ly  7 a n d  14 m , r e 
spec tiv e ly ). It s h o u ld  b e  n o te d  h e re  th a t  th e  to ta l n u m 
b e r  of in d iv id u a ls  fo r th e  c h a n n e l re fe rs  sp ec ific a lly  to 
th e  s te e p  s lo p e s  of th e  c h a n n e l , a n d  n o t to  th e  fla t 
m u d d y  a re a  a t th e  b o tto m  of th e  c h a n n e l. T h e  la tte r  
c o u ld  n o t b e  c e n s u s e d  a s  a  r e s u lt  of p o o r visib ility , a n d  
a  ra p id  su rv e y  sh o w e d  m u c h  lo w e r fish  d e n s itie s  th a n  
o n  th e  ro ck y  s lo p es . F o r th e  b o u ld e r s  (210 m 2), th e  to ta l 
n u m b e r  of b o u ld e rs  w a s  m u ltip lie d  b y  th e ir  m e a n  s u r 
fa c e  a re a  u n d e rw a te r .
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Fig. 2. (a) M ean fish density and (b) species richness in the 7 
biotopes, and (c) estim ated total num ber of fishes in  the entire 
bay for each biotope. Comparison of species richness betw een 
small and large transects (see Table 2) is not valid as species 
richness increases w ith transect area. Transects in th e  boul
ders, mangroves, notches and channel w ere therefore pooled 
so as to form transects of approxim ately 150 m2 in order to 
enable comparison with the seagrass bed, algal bed and 

coral reef (transect area = 150 m2). nc = not computed

Statistica l an a lysis. To c o m p a re  fish  d e n s itie s , s p e 
c ie s  r ic h n e ss  a n d  s ize  d is tr ib u tio n  b e tw e e n  th e  d iffe ren t 
b io to p es , a  1 -w ay  A N O V A  w a s  u s e d  a f te r  d a ta  t r a n s 
fo rm a tio n  (logarithm ic  o r s q u a r e  roo t). H o m o g e n e ity  of
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v a r ia n c e s  w a s  te s te d  w ith  a  B a rtle tt  te s t, a n d  n o rm ality  
w a s  te s te d  w ith  a  K o lm o g o ro v -S m irn o v  1-sa m p le  te s t 
(S o k a l & R ohlf 1995). M u ltip le  c o m p a r iso n  b e tw e e n  th e  
d if fe re n t b io to p e s  w a s  d o n e  u s in g  a T u k ey  H SD  m u lti
p le  co m p a riso n  tes t. T h e  sa m e  w a s  d o n e  fo r co m p ariso n  
of fish  d e n s i tie s  b e tw e e n  d if fe re n t re e f  sites.

F o r c o m p a riso n  of th e  co m m u n ity  s t ru c tu re  b e tw e e n  
th e  d if fe re n t b a y  b io to p es , c lu s te r  a n a ly s is  w a s  u se d . 
F ish  sp ec ie s  d e n s itie s  in  th e  d if fe re n t b io to p es  w e re  first 
lo g -tran sfo rm ed , a n d  c lu s te r  an a ly s is  w as  c a rr ie d  o u t u s 
in g  th e  p ro g ra m m e  C L U ST A N 1C 2 (W ishart 1978). T h e  
a v e ra g e - l in k a g e  m e th o d  (S okal & M ic h e n e r  1958) w as  
u s e d  in  co m b in a tio n  w ith  th e  B ray -C u rtis  coe ffic ien t.

To s tu d y  th e  sp a tia l d is tr ib u tio n  of f ish e s  in  th e  m a n 
g ro v e s  a n d  th e  s e a g ra s s  b e d s  w ith in  th e  S p a n is h  W ate r 
B ay, P rin c ip a l c o m p o n e n t a n a ly s is  (PCA ) w a s  u sed . 
P C A  w a s  c a r r ie d  o u t on  lo g - tra n s fo rm e d  fish  d e n s itie s  
of th e  d if fe re n t s tu d y  s ite s  u s in g  th e  o rd in a tio n  p ro 
g ra m m e  C an o co  4 .0  (ter B raak  & S m ila u e r  1998). S ca l
in g  w a s  fo c u s se d  o n  in te r-s p e c ie s  co rre la tio n s , sp ec ie s  
s c o re s  w e re  d iv id e d  b y  th e  s ta n d a rd  d e v ia tio n , a n d  th e  
d a ta  w e re  c e n tr e d  by  sp ec ie s .

To te s t w h e th e r  th e  s p a t ia l  d is tr ib u tio n  of f ish es  in  
th e  m a n g ro v e s  a n d  s e a g ra s s  b e d s  w a s  r e la te d  to  e n 
v iro n m e n ta l v a r ia b le s  o r h a b ita t  s tru c tu re , a n  in d ire c t 
g ra d ie n t  an a ly s is  w ith in  PC A  w a s  u s e d  (te r B ra a k  & 
S m ila u e r  1998), w h ic h  c a lc u la te d  th e  c o rre la tio n s  b e 
tw e e n  th e  4 P C A -ax es  a n d  all m e a s u re d  e n v iro n m e n 
ta l  a n d  h a b ita t  v a riab le s .

T h e  im p o rta n c e  of v a rio u s  e n v iro n m e n ta l a n d  h a b ita t 
v a r ia b le s  fo r th e  to ta l fish  den sity , fo r d e n s ity  of n u rse ry , 
b a y  a n d  re e f  sp ec ie s , a n d  fo r sp e c ie s  r ic h n e ss  w a s  e x 
a m in e d  w ith  s te p w ise  re g re s s io n , w ith  p -v a lu e s  to  e n 
te r  a n d  to  re m o v e  se t a t 0.15, a n d  th e  m in im u m  to le r
a n c e  fo r e n try  s e t  a t 0.1 (SYSTAT 1990). T h e  p re d ic to r  
v a r ia b le s  w e re  c h e c k e d  fo r co llin ea rity , a n d  th e i r  r e la 
tio n  w ith  th e  d e p e n d e n t  v a r ia b le s  w a s  c a lc u la te d  u s in g  
m u ltip le  lin e a r  re g re ss io n , if th e  a s s u m p tio n s  of lin e a r  
re g re s s io n  w e re  m e t  (S okal & R ohlf 1995).

RESULTS 

B io top e  a sso c ia tio n  and com m un ity  structure

D u rin g  th is  s tu d y  a  to ta l of 93 311 f ish e s  w e re  
c o u n te d , w h ic h  in  th e  b a y  r e p r e s e n te d  85 fish  sp ec ie s  
b e lo n g in g  to  29 fam ilie s  (T ab le  3). E u c in o s to m u s  sp . 1, 
S te g a s te s  leu c o s tic tu s , S . va riab ilis , Sp a riso m a  ra d ia n s  
a n d  A rc h o sa r g u s  rh o m b o id a lis  w e re  r e s tr ic te d  to  th e  
b ay . F or th e  o th e r  sp e c ie s  in  th e  b a y  w h ic h  w e re  
a b s e n t  from  th e  re e f  tra n se c ts , it is k n o w n  th a t  th e y  
o c c u r  o n  th e  re e f  in  low  d e n s itie s . D io d o n  h o lo c a n th u s  
a n d  th e  n u rs e ry  sp e c ie s  (see  F ig . 5) A c a n th u r u s  ch iru r
g u s , C h a e to d o n  cap is tra tu s, G e rre s  c in ereu s , H a e m u 

lo n  fla v o lin e a tu m , H . sc iu ru s, L u tja n u s  a p o d u s , L. 
g r ise u s  a n d  S c a ru s  is e r ti  o c c u r re d  in  a ll  7 b io to p e s  
(T able  3). O th e r  fish  s p e c ie s  m o s t f r e q u e n tly  o c c u rre d  
in  2 o r 3 d if fe re n t b io to p es ,

M e a n  fish  d e n s i tie s  w e re  s ig n if ic a n tly  h ig h e r  com 
p a re d  to  th o s e  in  o th e r  b io to p es , in  th e  m o s t ru g o se  
b io to p es, th e  b o u ld e r s  a n d  th e  co ra l r e e f  (Fig. 2a, 
T ab le  4), T h e  lo w e s t f ish  d e n s i ty  w a s  e n c o u n te re d  on 
th e  a lg a l b e d s , w ith  ju s t  2 f ish  p e r  100 m 2. T h e  sp ec ie s  
r ic h n e ss  sh o w e d  a  s im ila r  p a t te rn ,  e x c e p t th a t  sp ec ie s  
r ic h n e ss  in  th e  m a n g ro v e s  w a s  a lm o s t e q u a l  to  th a t 
in  th e  n o tc h e s  a n d  c h a n n e l  (Fig. 2b). T h e  to ta l n u m b e r  
of f ish es  (c a lc u la te d  b y  m u ltip ly in g  m e a n  fish  d en sity  
w ith  to ta l su r fa c e  a r e a  in  th e  b a y  fo r e a c h  b io to p e), 
h o w ev er, w a s  h ig h e s t  o n  th e  s e a g ra s s  b e d s  a n d  lo w est 
a t th e  b o u ld e rs  a n d  n o tc h e s  (Fig. 2c).

T h e  m a n g ro v e s  a n d  s e a g ra s s  b e d s  w e re  d o m in a te d  
by  2 to  3 fish  sp e c ie s , a n d  th e  o th e r  b a y  b io to p e s  by 
5 to  6 sp e c ie s  (T ab le  5). K ey sp e c ie s  in  m o s t b io to p es  
b e lo n g e d  to  th e  IT aem u lid ae  a n d  L u tja n id a e  (using  
th e s e  b io to p e s  a s  n u rs e ry  a re a s ) , b u t  a lso  to  th e  P o m a
c e n tr id a e  in  th e  c h a n n e l , n o tc h e s  a n d  b o u ld e rs  (fo rm 
in g  te r r ito r ie s  a ro u n d  th e  m a n y  ro c k s  in  th e s e  b io 
topes). H a e m u lo n  fla v o lin e a tu m  w a s  th e  m o s t co m m o n  
fish  sp e c ie s , fo llo w ed  b y  S c a ru s  iserti. M o s t fish  s p e 
c ies  th a t  w e re  a b u n d a n t  in  th e  b a y  sh o w e d  lo w  d e n s i
t ie s  on  th e  co ra l ree f .

T h e  fish sp e c ie s  in  th e  b a y  c o u ld  b e  d iv id e d  in to  
3 g ro u p s  (see T a b le  3): (1) 'n u r s e ry  sp e c ie s ': re e f  fishes 
of w h ic h  th e  ju v e n ile s  u se  th e  b a y  a s  a  n u rse ry ; (2 ) 'b ay  
sp e c ie s ': fish  sp e c ie s  w h ic h  a r e  re la tiv e ly  a b u n d a n t  in  
th e  b a y  a n d  n o t p re s e n t  o r  o c c u rr in g  in  lo w  a b u n 
d a n c e s  on th e  c o ra l re e f ; a n d  (3) 'r e e f  sp e c ie s ': th e  
re m a in in g  re e f  f ish es  of w h ic h  a ll life  s ta g e s  a re  n o r
m a lly  fo u n d  o n  th e  co ra l re e f . In  m o s t b a y  b io to p es , th e  
n u rs e ry  sp e c ie s  a c c o u n te d  fo r th e  m a jo rity  of th e  to ta l 
fish  a b u n d a n c e  (Fig. 3), e sp e c ia lly  in  th e  m a n g ro v e s  
a n d  s e a g ra s s  b e d s . T h e  b a y  sp e c ie s  w e re  m o s t a b u n 
d a n t  in  th e  n o tc h e s  a n d  a lg a l b e d s , a n d  th e  re e f  fish 
sp e c ie s  in  th e  c h a n n e l, b o u ld e r s  a n d  n o tc h e s , a ll of 
w h ic h  a re  ro ck y  b io to p es  lik e  th e  c o ra l ree f .

C lu s te r  a n a ly s is  b a se d  o n  m e a n  fish  sp e c ie s  d en s itie s  
r e v e a le d  3 m a in  c lu s te rs  (Fig. 4): (1) th e  a lg a l  b e d  in  
th e  bay , w h ic h  c o n ta in e d  v e ry  few  fishes; (2) th e  shal- 
lo w -w a te r  b io to p e s  in  th e  b ay , v iz . m a n g ro v e , no tch , 
se a g ra ss  b ed , a n d  bo u ld er; a n d  (3) th e  d e e p e r  b io topes, 
viz. c h a n n e l a n d  co ra l re e f . T h e  lo w e s t d iss im ila rity  
w a s  fo u n d  b e tw e e n  th e  f ish  c o m m u n ity  of th e  m a n 
g ro v es , n o tch es , a n d  s e a g ra s s  b e d s .

N ursery  fu n ction

M o st f ish e s  o b se rv e d  in  th e  b a y  w e re  ju v e n ile s  an d  
b e lo n g e d  to  th e  n u rs e ry  s p e c ie s  g ro u p . In  th e  a lg a l
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T able 4. Tukey HSD m ultiple comparison betw een biotopes for fish density of all species (upper right part) and of nursery 
species (lower left part). Fish densities on transects w ere averaged per site and com pared using a 1-way ANOVA

N ursery species
Boulder M angrove Notch

All species 
Channel Seagrass bed Algal bed Coral reef

Boulder _ 0.000 0.000 0.000 0.000 0.000 0.126
M angrove 0.000 - 0.007 0.368 0.000 0.000 0.000
Notch 0.000 0.000 - 0.992 0.458 0.000 0.000
Channel 0.000 0.021 0,535 - 0.214 0.000 0.000
Seagrass bed 0.000 0.000 1.000 0,497 - 0.000 0.000
Algal bed 0.000 0.000 0.000 0.000 0.000 - 0.000
Coral reef 0.000 0.000 0.000 0.000 0.000 0.053 -

Table 5. Relative abundance (%) of the principal fish species of each bay biotope, and their abundance on the coral reef

M angrove Seagrass bed Algal bed C hannel Notch Boulder Coral reef

Archosargus rhomboidalis 23.7 0.0
Chaetodon capistratus 7.8 0.6
Eucinostomus spp. 9.5 0.0
H aemulon flavolineatum 43.3 35.3 10.0 4.8 18.6 30.8 0.5
H aemulon sciurus 11.1 0.0
Lutjanus apodus 11.9 11.3 12.3 0.1
Lutjanus griseus 10.6 5.6 0.0
Ocyurus chrysurus 10.3 0.1
Stegastes dorsopunicans 17.2 9.4 0.5
Stegastes leucostictus 9.9 0.0
Stegastes partitus 9.2 35.5
Stegastes variabilis 10.0 0.0
Scarus iserti 32.6 9.6 33.6 6.0 1.1
Thalassoma bifasciatum 8.8 6.7 18.6

Total 66.3 68.0 73.5 61.1 75.9 65.1 57.0

ED Nursery D B ay  ■  R eef

Fig, 3. Relative abundance of fish species groups in the 6 bay 
biotopes

b e d s  a n d  c h a n n e l, in d iv id u a ls  of th e s e  sp e c ie s  w e re  
so m e w h a t la r g e r  th a n  in  th e  o th e r  b a y  b io to p es . W ith  
th e  e x c e p tio n  of A c a n th u r u s  ch iru rg u s , th e  la rg e s t  
in d iv id u a ls  of th e s e  sp e c ie s  w e re  m o s tly  fo u n d  o n  th e  
co ra l re e f  (T ab le  6 ).

A t le a s t 17 fish  sp e c ie s , fo u n d  as a d u lts  o n  th e  reef, 
u tilised  th e  b a y  a s  a  n u rs e ry . T h e  im p o r ta n c e  of th e  
n u rs e ry  fu n c tio n  of th e  b a y  b io to p e s  fo r th e s e  sp ec ie s  
c a n  b e  d e d u c e d  fro m  th e  h ig h  d e n s i tie s  of th e  ju v e n ile s  
in  th e  b a y  in  c o n tra s t to  th e  a lm o s t c o m p le te  a b se n c e  
of ju v e n ile s  on  th e  co ra l re e f  (Fig. 5), T h e  b o u ld e rs  a n d  
th e  m a n g ro v e s  c o n ta in e d  th e  h ig h e s t  d e n s ity  a n d  s p e 
c ies r ic h n e ss  of ju v e n ile  n u rs e ry  sp e c ie s  (Fig. 2a,b ), b u t 
in  te rm s  of to ta l n u m b e r  of in d iv id u a ls  fo r th e  e n tire  
bay , th e  s e a g ra s s  b e d s  c o n ta in e d  th e  m o s t n u rs e ry  
fish es  (Fig. 2c). C o n s id e r in g  th e  o n to g e n e tic  u tilisa tio n  
of b io to p es  on  sp e c ie s  lev e l, ju v e n ile s  of n u rs e ry  s p e 
c ies w e re  m o s t a b u n d a n t in  th e  m a n g ro v e s , a n d  to  a  
le s se r  d e g re e  in  th e  s e a g ra s s  b e d s , in te rm e d ia te -s iz e d  
fish es  w e re  o ften  fo u n d  in  th e  c h a n n e l, w h e re a s  la rg e  
in d iv id u a ls  w e re  fo u n d  o n  th e  co ra l re e f  (Fig. 5). For 
G erres c in e reu s , H a e m u lo n  parrai, L u tja n u s  analis, L. 
g r ise u s  a n d  Sparisom a ch ry so p te ru m  n o  la rg e  in d iv idu -
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Fig. 4. D endrogram  of cluster analysis of fish species densities 
in the 7 biotopes

a is  w e re  c o u n te d  in  th e  re e f  tra n se c ts , a lth o u g h  th e y  
w e re  s e e n  o n  th e  re e f  a t  o th e r  tim es. J u v e n i le  p a rro t-  
f ish e s  (e x c e p t S c a ru s  guacam aia )  w e re  n o t o n ly  p r e 
s e n t  in  th e  m a n g ro v e s  a n d  s e a g ra s s  b ed s , b u t  a lso  in  
th e  c h a n n e l.

Sp atia l v a r ia tio n  in  fish  d en sity  and  s iz e  structure

T h e  fish es  sh o w e d  a  sp a tia l p a t te rn  in  d e n s i ty  d is tr i
b u tio n  in  th e  m a n g ro v e s  a n d  s e a g ra s s  b e d s . In  th e  
m a n g ro v e s  3 c lu s te rs  co u ld  b e  d is tin g u ish e d , w h ic h

c o r re sp o n d e d  w ith  3 a r e a s  in  th e  bay , fo llo w in g  a g r a 
d ie n t fro m  th e  e n tr a n c e  to  th e  fa r  w e s te r n  e n d  of th e  
b a y  (Fig. 6a). N e a r  th e  e n tra n c e , s e v e ra l  sp e c ie s  of pa r- 
ro tfish e s , sn a p p e rs , a n d  d a m s e lf ish e s  r e a c h e d  th e ir  
h ig h e s t  density , e .g . S c a ru s  iserti, O c y u ru s  c h ry su ru s  
a n d  S te g a s te s  le u c o s tic tu s . T h e  ty p ic a l r e e f  f ish e s  H a 
lic h o e re s  b iv itta tu s , S te g a s te s  p la n ifro n s ,  a n d  T h a la s
so m a  b ifa sc ia tu m  fo rm e d  th e  s e c o n d  c lu s te r  a n d  only  
o c c u rre d  in  th e  w e s t- c e n tra l  p a r t  of th e  bay , a t low  
d e n s itie s . In  th e  w e s te r n  p a r t ,  H a e m u lo n  p a rra i  an d  
th e  b a y  sp ec ie s  E u c in o s to m u s  sp p ., G erre s  c in e re u s  
a n d  A rc h o sa rg u s  r h o m b o id a lis  r e a c h e d  th e i r  h ig h e s t 
d en s itie s .

A lso in  th e  s e a g ra s s  b e d s  3 c lu s te rs  c o u ld  b e  d is tin 
g u ish e d , b u t th e s e  fo llo w ed  a  g ra d ie n t  fro m  th e  
e n tr a n c e  to  th e  fa r  e a s te rn  e n d  of th e  b a y  (Fig. 6b). 
N e a r  th e  e n tra n c e , A c a n th u r u s  ch iru rg u s , S p a riso m a  
rad ians, a n d  4 sp e c ie s  of w ra s se s  r e a c h e d  th e i r  h ig h e s t 
den sity . T h e  w e s t- c e n tra l  p a r t  of th e  b a y  c o n ta in e d  th e  
m a jo rity  of th e  fish  sp e c ie s . In  th e  e a s te rn  p a r t ,  th e  b ay  
sp e c ie s  A rc h o sa rg u s  rh o m b o id a lis , E u c in o s to m u s  sp., 
a n d  G erres c in ereu s, 2 lu tja n id s , a n d  S p h y ra e n a  b a r
ra cu d a  re a c h e d  th e i r  h ig h e s t  d e n s itie s .

T h e  d o m in a n t f ish e s  in  th e  m a n g ro v e s  a n d  s e a g ra s s  
b e d s  (see T ab le  5) s h o w e d  n o  d is tin c t s p a t ia l  p a t t e r n  in  
d e n s ity  d is tr ib u tio n  a n d  o c c u r re d  th r o u g h o u t  th e  b ay  
(Fig. 6 ). T h e  m o s t w id e s p r e a d  fish  sp e c ie s  w a s  H a e m u 
lo n  fla v o lin e a tu m  (o ccu rrin g  a t  a ll  s ite s  of th e  m a n 
g ro v es , s e a g ra s s  b e d s , c h a n n e l  a n d  b o u ld e rs ) . O th e r  
w id e s p re a d  sp ec ie s  w e re  L u tja n u s  a p o d u s  (m an g ro v e , 
no tch , bou lder), C h a e to d o n  ca p is tra tu s  (m an g ro v e , sea -

Table 6, M ean sizes of the nursery species in  the 7 different biotopes. In each biotope, fishes w ere pooled a t site level (>10 fishes 
p e r site) for statistical comparison betw een bay biotopes and the coral reef (1-way ANOVA). 'Insufficient replicates for com
parison; these values w ere excluded from the statistical analysis and w ere calculated by pooling fishes of all sites. -  = fishes

absent or abundance very low. na = not applicable

M angrove Seagrass
bed

Notch Boulder Algal
bed

C hannel Coral
reef

p-values 
lagoon vs reef

A canthurus chirurgus 11.4 9.2 14.8 11.7 17.4 14.1 16.9 >0.067
Chaetodon capistratus 5.4 5.4 4.5 ' 4.3 - 5.8 7.6 <0.005
C  erres cinereus 7.0 11.3 - - 15.3 - 18,4* na
H aemulon flavohneatum 8.4 7.2 6.2 7.8 9.0 10.8 14.0 <0.020
H aemulon parrai 5.7 7.8 3.8 - - - - na
H aemulon plum ieri 10.1 8.8 - - - - - na
H aemulon sciurus 10.2 10.1 15.8* 12.3 - - 22.4 < 0.002
Lutjanus apodus 11.8 10.5* 13.3 14.0 - - 20.9 < 0.001
Lutjanus griseus 11.5 13.2 - - 16.6 15.2 - na
Lutjanus m ahogoni 7.7 9.7 - 9.4 - - 18.4* na
Ocyurus chrysurus 9.8 8.4 - - 10.7* 8.9 17.2 <0.018
Scarus coeruleus - 12.2 - - - 14.7 17.8* na
Scarus iserti 5.6 6.8 3.8* 3.9* 9.2* 7.0 11.1 < 0.001
Scarus guacamaia 10.1 14.6 - - - - - na
Sparisoma chrysopterum 10.1 9.3 - 13.0* - 19.5 17.6 <0.015a
Sphyraena barracuda 

“Excluding th e  channel

14.0 18.4 na
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g ra s s  b ed , c h a n n e l) , H . sc iu ru s  (m an g ro v e , s e a g ra ss  
b ed ), S c a ru s  is e r ti  ( s e a g ra ss  b e d , ch an n e l) , a n d  O c y u 
r u s  ch ry su ru s  ( s e a g ra ss  b e d , ch an n e l).

T h e  re e f  sp e c ie s  g ro u p  sh o w e d  a  s tro n g  d e c re a s e  in  
d e n s ity  in  a ll b a y  b io to p e s  w ith  in c re a s in g  d is ta n c e  
fro m  th e  m o u th  of th e  b a y  (Fig, 7).

O n  th e  c o ra l re e f , 5 n u rs e ry  sp e c ie s  a n d  1 b a y  s p e 
c ie s  sh o w e d  a  d e c re a s e  in  d e n s ity  w ith  in c re a s in g  d is 
ta n c e  d o w n -c u rre n t from  th e  b a y  (Fig. 8). T h e  d iffe ren ce

in  d e n s i ty  b e tw e e n  th e  r e e f  a r e a  in  fro n t o f th e  b a y  a n d  
th e  o th e r  r e e f  a re a s  w a s  on ly  s ig n ific an t, h o w ev er, 
fo r S te g a s te s  d o rso p u n ica n s , A c a n th u r u s  ch iru rg u s  
a n d  O c y u ru s  c h ry s u ru s  (p < 0 .027, 1 -w ay  A N O V A  an d  
T u k ey  H SD  m u ltip le  co m p ariso n ). T h e  d e c re a s e  in  d e n 
sity  w a s  n o t o b s e rv e d  for H a e m u lo n  fla v o lin e a tu m ,  
S c a ru s  is e r ti  a n d  C h a e to d o n  ca p is tra tu s . F o r th e  o th e r  
n u rs e ry  sp e c ie s , in su ff ic ie n t re p l ic a te s  w e re  a v a ila b le  
fo r s ta tis tic a l co m p a riso n .

Size class (cm)

Fish species

Acanthurus chirurgus 

Chaetodon capistratus 

Gerres cinereus 

Haemulon flavolineatum 

Haemulon parrai 

Haemulon plumieri 

Haemulon sciurus 

Lutjanus analis 

Lutjanus apodus 

Lutjanus griseus 

Lutjanus mahogoni 

Ocyurus chrysurus 

Scarus coeruleus 

Scarus iserti 

Scarus guacamaia 

Sparisoma chrysopterum 

Sphyraena barracuda

M angrove

AJgal bed
Channel

N o d ata

m r " '

'7 7 7

7 7 7 7 7

Fig. 5. O ntogenetic shifts in hab itat association of the nursery species. For each size class of each fish species the relative abun
dance per biotope is show n as the percentage of the total abundance per size class (in all biotopes), rounded off to portions of 
20%. Boulders and notches are  excluded as their areas are  relatively small, causing high densities w hich skew  the data. Further
more, due to their low occurrence and relatively small area, they contribute less to the nursery function of the Spanish W ater Bay 

in term s of total fish abundances, as com pared to the other biotopes (see Fig. 2c)
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Fig. 6. Principal com ponent analysis (PCA) of fish species 
densities at the different sites of (a) the mangroves, and 
(b) the seagrass beds. The horizontal axis represents the first 
PCA axis, the vertical axis represen ts the second PCA axis. 
The first 2 axes accounted for 56.5% in the m angroves and 
54.7 % in the seagrass beds of the total variance. Species clus
ters are enclosed by solid lines and are based  on the sites in 
which a particular species is most abundant. The numbers 
refer to the fish species num bers in Table 3. Nine rare fish 
species are not plotted for the m angroves and the seagrass 

beds. See Fig, 1 for location of sites
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Fig. 7. M ean density of the reef species group in the 6 different 
bay biotopes as a function of distance to the mouth of the bay

T h re e  n u rs e ry  a n d  1 b a y  sp e c ie s  a lso  sh o w e d  a  s p a 
tia l p a t te rn  in  s ize  d is tr ib u tio n  b e tw e e n  th e  se a g ra ss  
b e d s . T h e  n u rs e ry  sp e c ie s  sh o w e d  a  p o s itiv e  re la tio n , 
w h e re a s  A rc h o sa r g u s  rh o m b o id a lis  s h o w e d  a  n e g a tiv e  
re la tio n  w ith  in c re a s in g  d is ta n c e  fro m  th e  b a y  m o u th  
in to  th e  b a y  (Fig. 9).

A sso c ia tio n s  w ith  en v iro n m en ta l va r ia b les , b io to p e  
stru cture and d istan ce  to  th e  ree f

S e v e ra l of th e  e n v iro n m e n ta l a n d  h a b ita t  v a r ia b le s  in  
th e  b a y  w e re  h ig h ly  c o rre la te d  w ith  th e  first 2 (m ain) 
ax e s  of th e  PC A  fo r th e  m a n g ro v e s  a n d  s e a g ra s s  b e d s  
(T ab le  7). T h e  4 m o s t im p o rta n t v a r ia b le s  co u ld  b e  c a t
e g o r is e d  fo r b o th  b io to p es  as: (1) d is ta n c e  to  th e  m o u th  
of th e  b ay , (2) w a te r  tra n sp a re n c y , (3) a m o u n t of s h e l
te r  (i.e. w a te r  d e p th  in  th e  m a n g ro v e s  a n d  h e ig h t  of 
se a g ra ss ) , a n d  (4) s tru c tu ra l c o m p lex ity  of th e  b io to p e  
(i.e. m a n g ro v e  p ro p -ro o t d e n s i ty  a n d  s e a g ra s s  cover). 
In  a d d it io n , w a te r  te m p e ra tu re  w a s  of im p o r ta n c e  on  
th e  s e a g ra s s  b e d s . T he to ta l fish  d e n s ity , sp e c ie s  rich-
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Fig. 8. M ean fish density of several nursery species and of 
Stegastes dorsopunicans on the coral reef as a function of dis
tance to the m outh of the bay. All reef sites are  located down- 
curren t of the bay, and in this area other lagoons are absent

n e s s  a n d  d e n s ity  of th e  d if fe re n t sp e c ie s  g ro u p s  in  th e  
2 b io to p e s  w e re  r e la te d  to  a sm a lle r  se t of v a ria b le s , 
b u t  th e s e  a lso  b e lo n g e d  to  th e  im p o r ta n t v a r ia b le s  as 
d is t in g u is h e d  by  P C A  (T ab le  7). In  a ll c a se s , th e  r e la 
t io n  w ith  d is ta n c e  to  th e  m o u th  w a s  n e g a tiv e , w h e re a s  
th e  re la tio n  w ith  w a te r  d e p th  a n d  t r a n s p a re n c y  p o s i
tiv e .

D ISC U SSIO N  

B io to p e  a sso c ia tio n  and com m u nity  structure

T h e  S p a n is h  W a te r B ay  c o n ta in e d  a h ig h  d iv e rs ity  of 
r e e f  fish  sp e c ie s . O f all sp e c ie s  o b se rv e d  o n  th e  co ra l 
re e f , o v e r  7 5 %  w e re  a lso  fo u n d  in  th e  bay . F ish  c o m 
m u n itie s  v a r ie d  a m o n g  th e  d if fe re n t b a y  b io to p es , b u t 
so m e  o v e rla p  w a s  p re s e n t, a s  a lso  fo u n d  b y  o th e r  in 
v e s t ig a to rs  (T h ay e r e t  al, 1987, S e d b e r ry  & C a r te r  
1993, A co sta  1997, N a g e lk e rk e n  e t al. 2000b). In 
th e  p r e s e n t  s tu d y  th e  fish  co m m u n ity  s t ru c tu r e  of 
th e  n o tc h e s , m a n g ro v e s  a n d  s e a g ra s s  b e d s  w e re  m o s t 
c lo se ly  re la te d . T h e  la t te r  2 b io to p e s  w e re  a lm o s t c o m 
p le te ly  d o m in a te d  b y  n u rs e ry  sp ec ie s , w h ic h  m ay  
e x p la in  th e i r  sim ilarity . A  s e p a ra te  c lu s te r  w a s  fo u n d  
fo r th e  fish  co m m u n ity  of th e  c h a n n e l a n d  c o ra l ree f , 
w h ic h  a r e  b o th  d e e p  a n d  ru g o s e  b io to p es .

F ac to rs  w h ic h  c a n  e x p la in  d if fe re n c e s  in  f ish  d e n 
sity  b e tw e e n  b io to p e s  a r e  s tru c tu ra l co m p lex ity  an d  
a m o u n t of s h e l te r  th e y  c a n  o ffe r to  th e  fish  (L u ck h u rs t
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Fig. 9. M ean fish size on the seagrass beds in the bay as a func
tion of distance from the m outh of the bay. Fishes w ere pooled 
at site level with a minimum of 10 fishes per site, Fitted (least 
squares) regression lines are  show n together w ith their r2 and 
p-values. For Haemulon flavolineatum  a  logarithmic regression 
[y = a X ln(x) + b ] was used and no p-value could be calculated

& L u c k h u rs t 1978, C a rp e n te r  e t  al. 1981, S to n e r  1983, 
B ell & W esto b y  1986). In th e  p r e s e n t  s tu d y  th e  fish  d e n 
sity  a n d  sp e c ie s  r ic h n e ss  w e re  h ig h e s t  a t  th e  s tru c 
tu ra lly  co m p lex  b o u ld e rs  a n d  c o ra l re e f , in te rm e d ia te  
in  th e  m a n g ro v e s , n o tc h e s , c h a n n e l  a n d  s e a g ra s s  b ed s , 
a n d  lo w e s t in  th e  a lg a l b e d s  w h ic h  p ro v id e  v e ry  little  
sh e lte r.

N u rsery  function

T h e  S p a n ish  W a te r  B ay se rv e s  a s  a n  im p o r ta n t n u rs 
e ry  fo r a t le a s t  17 co ra l r e e f  fish  sp e c ie s , m o s t of w h ich  
a re  of c o m m erc ia l v a lu e  to  th e  r e e f  f ish e rie s . All 
b io to p e s  of th e  bay , e x c e p t th e  a lg a l  b e d s , w e re  u se d  
a s  a  n u rs e ry  by  ju v e n ile  r e e f  f ish es . T h is  sh o w s th a t  no t 
on ly  m a n g ro v e s  a n d  s e a g ra s s  b e d s  a re  im p o r ta n t n u rs 
e ry  a re a s , b u t  sh a llo w -w a te r  b io to p e s  in  g e n e ra l  (B la
b e r  & B lab e r 1980, L en an to n  1982, N a g e lk e rk e n  e t  al. 
2000b). N e v e r th e le ss , th e  im p o r ta n c e  of th e  n u rse ry
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Table 7. Product-m om ent correlation coefficients of some im portant environm ental variables with the 4 PCA axes of Fig. 6, and 
sem i-partial correlation coefficients (the correlation betw een  the unadjusted dependent variable w ith the respective variable 
after controlling for all independent variables in  the equation) of predictor variables from stepw ise m ultiple linear regression on 
density of all fishes and of the different species groups, and on species richness. *p < 0.05, * *p < 0.01. The + and -  in front of the 
regression coefficients indicate w hether the relation is positive or negative. R2 values a re  given for the final equations of

multiple linear regression w ith the predictor variables

Principal com ponent analysis 
Axis 1 Axis 2 Axis 3 Axis 4 Total

density

M ultiple Unear regression 
Species N ursery Reef 
richness species species

Bay
species

Mangrove
Distance to m outh -0.72** 0.15 -0.24 0.14 -0.51** -0.82*
W ater depth 0.45* -0.02 0.29 -0.21 + 0.76** + 0.60** + 0.65*
Density of prop-roots -0.37 0.70** 0.07 0.20
W ater transparency -0.14 0.60* 0.14 0.10 + 0.55* + 0.45**
Relative length  of prop-roots -0.28 0.23 -0 .29 0.18 -0.54
W ater tem perature -0.05 0.13 -0.04 -0.11
Light intensity betw een  prop-roots -0.01 0.01 -0.02 0.21 -0 .36

Final équation 0.71** 0.98** 0.29 0.73** 0.43*

Seagrass bed
Distance to m outh 0.49* -0.76** -0.04 -0.12 -0 .44 -0.49 -0 .8 0 ”
W ater transparency -0.49* 0.10* 0.30 0.20* + 0.46 + 0.69*
H eight of seagrass -0.02 -0.46** 0.13 -0.12
W ater tem perature 0.05 0.11** 0.49** -0.26* + 0.57*
Seagrass cover -0.08 0.13 0,24 -0.44**
Density of seagrasses 0.35 -0.18 0.11 -0.19

Final equation 0.60* 0.54* 0.47* 0.64”

fu n c tio n  d if fe re d  s ig n ific an tly  a m o n g  b io to p es . B ou l
d e rs  a n d  m a n g ro v e s  h a rb o u r e d  th e  h ig h e s t  d e n s itie s  of 
ju v e n ile  fish , p re s u m a b ly  a s  a  re s u lt of th e ir  h ig h  s t ru c 
tu ra l co m p lex ity  w h ic h  p ro v id e s  p ro tec tio n  a g a in s t p r e 
d a tio n . O n  th e  o th e r  h a n d , b e c a u s e  th e y  o c c u rre d  in  
ra th e r  sm a ll a n d  s c a t te r e d  p a tc h e s , th e  b o u ld e rs , a n d  
also  th e  n o tc h e s , c o n tr ib u te d  v e ry  little  to  th e  o v e ra ll 
n u rs e ry  fu n c t io n  of th e  S p a n ish  W a te r Bay. In s te a d , 
p rim a rily  th e  s e a g ra s s  b e d s  a n d  seco n d a r ily  th e  m a n 
g ro v es , c h a n n e l  a n d  a lg a l b e d s  c o n ta in e d  th e  m o s t 
in d iv id u a ls  a s  a  re s u l t  of th e i r  la rg e  su rfa c e  a re a  in  th e  
bay . T h is sh o w s th a t  th e  im p o r ta n c e  of a  b io to p e  a s  a  
n u rs e ry  c a n  n o t o n ly  b e  d e te rm in e d  o n  b a s is  of its  fish  
d en s itie s , b u t  o n  a  c o m b in a tio n  of fish  d e n s ity  a n d  
su rface  a re a .

T h e  d e p e n d e n c e  of th e  n u rs e ry  sp e c ie s  on  sh a llo w - 
w a te r  b io to p e s  m a y  b e  v e ry  h ig h  a n d  is p o ss ib ly  o b lig 
a te  fo r so m e  sp e c ie s . O f th e  17 n u rs e ry  sp ec ie s , on ly  
ju v e n ile s  of H a e m u lo n  f la v o lin e a tu m  a n d  S c a ru s  is e r ti  
w e re  so m e tim e s  fo u n d  on  th e  co ra l ree f . F o r th e  o th e r  
15 n u rs e ry  sp e c ie s , ju v e n ile s  w e re  o b s e rv e d  on ly  in  th e  
v a rio u s  in la n d  b a y s  of th e  is la n d  c o n ta in in g  m a n g ro v e s  
a n d  s e a g ra s s  b e d s , a n d  fo r so m e  sp e c ie s  a d d itio n a lly  in  
sh a llo w  p ro te c te d  b a y s  w ith  a  s a n d - ru b b le  s u b s tra te  
(pers. obs.). H e n c e , s h a l lo w -w a te r  h a b ita ts , in  p a r t ic u 
la r  b ay s  c o n ta in in g  m a n g ro v e s  a n d  s e a g ra s s  b e d s , 
p ro b a b ly  p ro v id e  a  v e ry  la r g e  p a r t  of th e  n u rs e ry  s u p 
p o r t  fo r s e v e ra l  e co n o m ic a lly  im p o r ta n t r e e f  fish  s p e 
c ies  in  C u ra ç a o . T h e  p a t t e r n  of d e c re a s in g  fish  d e n s i

t ie s  (i.e. n u rs e ry  sp ec ie s ) o n  th e  r e e f  w ith  d is ta n c e  
d o w n -c u r re n t of th e  b a y  is c o n s is te n t w ith  th e  fu n c 
t io n in g  of th e  b a y  a s  a  so u rc e  of rec ru its .

S e v e ra l s tu d ie s  h a v e  sh o w n  th a t  m a n g ro v e s  h a rb o u r  
h ig h e r  d e n s itie s  of ju v e n ile  fish  th a n  a d ja c e n t  b io to p es  
su c h  as s e a g ra s s  b e d s  a n d  s a n d - ru b b le  a re a s  (T hayer 
e t  al. 1987, R o b e rtso n  & B la b e r  1992, S e d b e r ry  & C a r
t e r  1993). In  th e  p re s e n t  study , th e  m a n g ro v e s  also  h a r 
b o u re d  th e  h ig h e s t  fish  d e n s itie s  of a ll b a y  b io to p es  
s tu d ie d , e x c e p t th e  b o u ld e rs , w h e re  d e n s i tie s  of ju v e 
n ile s  w e re  a b o u t 4.5 tim e s  h ig h e r  th a n  in  th e  m a n 
g ro v es .

R u g o se  h a b ita ts  su ch  a s  b o u ld e rs , co ra ls, o r p a tc h  
re e fs  a p p e a r  to  b e  im p o r ta n t sh e l te r  s i te s  fo r f ish e s  in  
m a n g ro v e  a n d  se a g ra ss  d o m in a te d  la g o o n s  (R andall 
1963, O g d e n  & E hrlich  1977, K u e n e n  & D e b ro t 1995, 
p e rs . obs.). In  St. C roix , O g d e n  & E h rlic h  (1977) a n d  
M c F a r la n d  (1980) o b se rv e d  th a t  p o s t la rv a l g ru n ts  s e t 
tle  on ly  b rie f ly  on  th e  s e a g ra s s  b e d s , a n d  a t  le n g th s  of 
a b o u t  2 to  12 cm , a ll m ig ra te  to  th e  p a tc h  re e fs  in  th e  
la g o o n  a n d  fo rm  la rg e  schoo ls. T h e  re la tiv e ly  low  
a b u n d a n c e  of co ra ls  a n d  b o u ld e rs  in  th e  S p a n is h  W ate r 
B ay  m a y  e x p la in  w hy  n u rs e ry  sp e c ie s  of 2 to  12 cm  
lo n g  c a n  still b e  fo u n d  a b u n d a n tly  in  th e  m a n g ro v e s  
a n d  s e a g ra s s  b ed s .

A t so m e  s ta g e  in  th e ir  life cycle , th e  ju v e n ile s  of 
m a n y  fish  sp e c ie s  b e c o m e  too  la rg e  so  th a t  th e  b ay  
b io to p e s  a re  n o t lo n g e r su ita b le  for p ro te c tio n , a n d  th e  
ju v e n ile s  p e rm a n e n tly  m ig ra te  to  th e  c o ra l re e f  (W ein-
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s te in  & H e c k  1979, S h u lm a n  1985, R o o k er & D en n is  
1991, N a g e lk e rk e n  e t  al. 2000b). In  th e  p r e s e n t  study , 
a ll n u rse ry  sp e c ie s  sh o w e d  th is  p a t te rn . S o m e  fishes, 
h o w ev e r, u tilise d  th e  d e e p  c h a n n e l a s  a  b io to p e  for 
in te rm e d ia te  life -s ta g e s  b e fo re  m ig ra t in g  to  th e  co ra l 
ree f . T h e  c h a n n e l sh o w s so m e  re s e m b la n c e  to  th e  co ra l 
re e f  h a b ita t,  b u t  p ro v id e s  so m e  a d v a n ta g e s  ty p ica l of 
la g o o n s  a n d  b ay s , su c h  a s  lo w e r d e n s itie s  a n d  re d u c e d  
fo rag in g  e ff ic ien cy  of p re d a to r s  (B lab e r & B lab e r 1980, 
R o b e rtso n  & B la b e r  1992).

S p atia l d istr ib u tion  of f ish es  and  a sso c ia ted  var iab les

T h e  a x e s  of th e  PC A  o n  th e  fish  co m m u n ity  of th e  
m a n g ro v e s  a n d  s e a g ra s s  b e d s  w e re  h ig h ly  c o rre la te d  
to  a v a rie ty  of e n v iro n m e n ta l  a n d  h a b ita t  v a ria b le s . 
S in ce  th e  PC A  a x e s  d e sc r ib e  th e  g ra d ie n t in  th e  d is tr i
b u tio n  of sp e c ie s  ( th e  f a r th e r  fro m  th e  o rig in  th e  m o re  
im p o rta n t) , a  c o rre la tio n  of a  v a r ia b le  w ith  th e  ax es  
im p lie s  th a t  fo r so m e  sp e c ie s  th is  v a r ia b le  is of g re a te r  
im p o rta n c e  th a n  fo r o th e rs . E v e n  th o u g h  d if fe re n t s p e 
c ie s  o c c u rre d  in  d if fe re n t d e n s i tie s  in  th e  2 d if fe re n t 
b io to p es , 4 ty p e s  of v a r ia b le s  co u ld  b e  id e n tif ie d  in  th e  
m a n g ro v e s  a n d  s e a g ra s s  b e d s  w h ic h  w e re  c o rre la te d  
to  th e  sp e c ie s  d is tr ib u tio n  (viz., d is ta n c e  to  th e  m o u th , 
w a te r  tra n sp a re n c y , a m o u n t of sh e lte r , a n d  s tru c tu ra l 
com p lex ity ). T h is  s u g g e s ts  th a t  in  th e s e  2 d if fe re n t 
b io to p es , s im ila r e n v iro n m e n ta l  a n d  h a b ita t  v a ria b le s  
m a y  b e  d e te rm in a n ts  of th e  fish  co m m u n ity  s tru c tu re .

T h e  to ta l fish  d en sity , d e n s i ty  of th e  d if fe re n t sp ec ie s  
g ro u p s , a n d  sp e c ie s  r ic h n e s s  in  th e s e  b ay  b io to p es  
w e re  in  m o s t c a se s  r e la te d  to  w a te r  d e p th , w a te r  t r a n s 
p a re n c y , a n d  d is ta n c e  to  th e  m o u th . T h e  p o sitiv e  r e la 
tio n  w ith  d e p th  m a y  b e  e x p la in e d  by  th e  in c re a se  in  
sh e l te r  sp a c e . F o r th e  re la tio n  w ith  t r a n s p a re n c y  no  
e x p la n a tio n  co u ld  b e  fo u n d . In  o th e r  s tu d ie s  it  h a s  
b e e n  h y p o th e s is e d  th a t  in  tu rb id  w a te r  th e  fo ra g in g  
e ffic ien cy  of fish  p re d a to r s  d e c re a s e s , re s u ltin g  in  
h ig h e r  a b u n d a n c e s  of p re y  sp e c ie s  (B laber & B lab e r 
1980, R o b e rtso n  & B la b e r  1992). In  th e  p re s e n t  study , 
fish  d e n s ity  w a s  lo w e s t in  tu rb id  w a te r , w h e re a s  th a t  
of th e  p isc iv o ro u s  S p h y ra e n a  b a rra cu d a  w a s  h ig h e s t. 
T h e  n e g a tiv e  re la tio n  w ith  d is ta n c e  to  th e  m o u th  w as  
la rg e ly  c a u se d  b y  th e  r e e f  sp e c ie s  g ro u p , w h ic h  p ro b a 
b ly  u se  th e  m o s t s e a w a rd  p a r t  of th e  b ay  as an  e x te n 
sio n  of th e  a d ja c e n t re e f . In  c o n tra s t, s e v e ra l b a y  s p e 
c ies  (A rc h o sa r g u s  r h o m b o id a lis  a n d  m o ja rra s) w e re  
m o s t a b u n d a n t in  th e  m o s t in te r io r  p a r ts  of th e  bay . 
T h e  e n tire  p o s t la rv a l life  cy c le  of th e s e  sp ec ie s , w h ich  
a re  p ro b a b ly  w e ll a d a p te d  to  th e  b a y  e n v iro n m e n t, is 
l ik e ly  to o c c u r  w ith in  th e  bay . T h is  m ay  e x p la in  w h y  
th e s e  b a y  sp e c ie s  a re  n o t a b u n d a n t  n e a r  th e  m o u th  of 
th e  bay , w h e re  th e  b a y  e n v iro n m e n t g ra d e s  in to  a  co ra l 
r e e f  en v iro n m e n t.

T h e  ju v e n ile s  of 3 n u rs e ry  sp e c ie s  sh o w e d  a n  in 
c re a s e  in  m e a n  s ize  in  th e  b a y  w ith  in c re a s in g  d is ta n c e  
fro m  th e  m o u th  (a l th o u g h  m a x im u m  s izes  in  th e  b ay  
w e re  still m u c h  s m a lle r  th a n  th o s e  of th e  a d u lts  on  th e  
c o ra l ree f). O th e r  s tu d ie s  fo u n d  la rg e  fish es  on  s e a 
g ra s s  b e d s  n e a r e r  to  th e  co ra l r e e f  a s  a  re s u lt of d iu rn a l 
fe e d in g  m ig ra tio n s  f ro m  th e  re e f  to  th e  s e a g ra s s  b e d s  
(O g d e n  & E h rlich  1977, O g d e n  & Z ie m a n  1977, B ae ld e
1990), b u t  su c h  m ig ra tio n s  w e re  n o t e v id e n t in  th e  
S p a n is h  W a te r  B ay. T h e  b a y  sp e c ie s  A rc h o sa rg u s  
rh o m b o id a lis  sh o w e d  a n  o p p o s ite  p a tte rn , w ith  th e  
sm a lle r  in d iv id u a ls  b e in g  m o s t a b u n d a n t  d e e p  in s id e  
th e  b ay . A rc h o sa r g u s  r h o m b o id a lis  p ro b a b ly  s p a w n s  in  
th e  b a y  (H o u d e  & P o tth o ff 1976), a n d  th e  ju v e n ile s  m ay  
o n ly  m ig ra te  to w a rd  th e  m o u th  w h e n  th e y  g ro w  la rg e r. 
B a e ld e  (1990) a lso  o b se rv e d  th a t  A. rh o m b o id a lis  (size 
ra n g e  9 to  24 cm) w e re  la r g e r  o n  s e a g ra s s  b e d s  n e a r  
th e  re e f  th a n  fa r th e r  in to  th e  la g o o n , a l th o u g h  th e  
sm a lle s t ju v e n ile s  (0 to  4 cm) w e re  m a in ly  p r e s e n t  in  
th e  b a y  n e a r  th e  reef.

C O N C L U SIO N S

T h e  m a in  co n c lu s io n s  of th e  p r e s e n t  s tu d y  are : 
(1) f ish  c o m m u n itie s  v a r ie d  a m o n g  b io to p e s  a lth o u g h  
so m e  o v e rla p  w a s  p re s e n t, (2) a ll  b a y  b io to p e s  w h ic h  
p ro v id e d  sh e l te r  w e re  u s e d  a s  n u rs e r ie s  b y  a t  le a s t 
17 re e f  fish  sp ec ie s ; th e  ju v e n ile s  of th e s e  sp e c ie s  w e re  
m o s tly  fo u n d  in  th e  m a n g ro v e s , so m e  of th e  in te rm e d i
a te - s iz e d  fish es  w e re  fo u n d  in  th e  c h a n n e l, a n d  th e  
la r g e r  in d iv id u a ls  w e re  fo u n d  o n  th e  co ra l ree f , (3) th e  
s p a t ia l d is tr ib u tio n  of f ish e s  w a s  n o t h o m o g e n e o u s  in  
th e  m a n g ro v e s  a n d  s e a g ra s s  b e d s  a n d  w a s  la rg e ly  co r
r e la te d  to  d is ta n c e  to  th e  m o u th  of th e  bay , w a te r  t r a n s 
p a re n c y , a m o u n t of sh e lte r , a n d  th e  s tru c tu ra l  co m 
p le x ity  of th e  b io to p e .
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