
Bulletin O f I h s
O F

Oceanography

V O L M E
9

MARINE SCIENCE I N  THE RED SEA

1983



25 BEN-TUVIA ET AL. RED SEA ENVIRONMENT-B IOLOGY

ANALYSIS OF A CORAL REEF FISH COMMUNITY IN SHALLOW 
HATERS OF NUWEIBA; GULF OF AQABA. RED SEA 

Adam Ben-Tuvia, A. Diamant1, A. Baranes , and D. Solani 
The Hebrew U n ivers ity  of Jerusalem 
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“Five v i s ua l  f i s h  census es  were conducted in  c o a s t a l  w a t e r s  of  
t h e  Gul f  o f  Aqaba ,  Red Sea ,  f r om J u l y  1977 t o  November  1981.  In 
t o t a l  73 s p e c i e s  were counted in  t h r e e  h a b i t a t s  of  t he  i n v e s t i g a t e d  
s i t e  of  an a r e a  o f  74 m^. The h i g h e s t  s p e c i e s  d i v e r s i t y ,  s p e c i e s  
r i c h n e s s ,  and s t a n d i ng  crop were found on t he  f o r e r e e f ,  l e s s  on the  
k n o l l  and on t n e  s e a g r a s s - s a n d  bed.  The a v e r a g e  s t a n d i n g  c r op  
amounted t o  962 kg h “ 1. For f u r t h e r  a n a l y s i s  of  v a r i a t i o n s  in s p e ­
c i e s  c ompos i t i on  and number of  i n d i v i d u a l s  w i t h  t i me  and h a b i t a t ,  
i ndexes  of  c o e f f i c i e n t  of  communi ty,  s p e c i e s  d i v e r s i t y ,  and e q u i t -  
a b i l i t y  were c a l c u l a t e d .  Some o b s e r v a t i o n s  on t he  seasonal  o c c u r ­
rence of  t he  common f i s h  in  t h e  s tudy s i t e  a r e  given."

In troduction

There i s  an i n c r e a s i n g  i n t e r e s t  in animal  communi t i es  a s s o c i a t e d  wi th  t he  
Red Sea co ra l  r e e f s .  Among them f i s h  have r e c e i ve d  a l a r ge  s hare  of  a t t e n t i o n .  
C l a r k  e t  a l .  (1968)  p r e s e n t e d  d a t a  on t h e  s t r u c t u r e  and s t a n d i n g  c r o p  o f  a 
s h a l l o w - w a t e r  c o a s t a l  f i s h  community a long t h e  c o a s t  of  E t h i o p i a ,  s ou t he r n  Red 
Sea. Bouchon-Navaro and Harmel i n-Vivi an  (1981) s t u d i e d  t h e  numer i cal  abundance 
of  h e r b i v o r o u s  r e e f  f i s h  n e a r  t h e  Gu l f  of  Aqaba ,  and Edwards  and R o s e w e l l  
(1981) i n v e s t i g a t e d  t h e  numer i ca l  abundance and v e r t i c a l  zona t i on  of  38 common 
r e e f  f i s h  near  Por t  Sudan. Gunderman and Popper (1976) ana lyzed  t he  i n f l u e n c e  
of  cases  of  p o l l u t i o n  on f i s h  communi t i es  near  E i l a t .  And s eve ra l  papers  in 
r ec e n t  y e a r s  d e a l t  w i t h  v a r i ous  a s p e c t s  of  b io l ogy  and behav i o r  of  f i s h  in t he  
Gulf  of  Aqaba (Bouchon-Navaro,  1980; F i s h e l s o n ,  1977; F i s he l s on  e t  a l . ,  1974; 
F r i c k e ,  1973; Karplus  and Algom, 1981).

The advent  of  s c u b a - d i v i ng  equipment  and t h e  r e c o g n i t i o n  of  t h e  s c i e n ­
t i f i c ,  commerc i a l ,  and e s t h e t i c  va l ues  of  cora l  r e e f s  have brought  about  t he  
p u b l i c a t i o n  of  a c o n s i d e r a b l e  number of  papers  on f i s h  communi t i es  of  n a t u r a l  
and a r t i f i c i a l  r e e f s .  Some of t h e  r ec e n t  ones (Brock e t  a l . ,  1979; Heatwole e t  
a l . ,  1981;  M o l l e s ,  1978;  Ogden and E b e r s o l e ,  1981;  S a l e  and D y b d a h l ,  1978;  
Ta lbot  e t  a l . ,  1978) c o n t a i n  most  of  t he  r e l e v a n t  b i b l i o g r a p h i c  r e f e r e n c e s .

Both phys i ca l  and b i o l o g i c a l  oceanographer s  have s t r e s s e d  t h e  uniqueness  
of  t he  e n c l os e d ,  h i gh l y  s a l i n e  Red Sea. I t s  s p e c i a l  p l a ce  i s  a c c e n t u a t e d  by 
i t s  p r edomi nan t l y  n o r t h - s o u t h  geographic  o r i e n t a t i o n  and i t s  r emot eness  from 
t he  f a u n i s t i c  c e n t e r s  of  t he  I n d o - P a c i f i c  Ocean. The narrow Gulf  of  Aqaba a t  
t he  no r t h e r n  end of  t he  Red Sea adds t o  t he  unusual  f e a t u r e s  of  t he  r eg i on .  I t  
a l s o  forms one of  t he  most  n o r th e r n  e x t e n s i o n s  of  the  cora l  r e e f  h a b i t a t  of  t he

^The Heinz S t e i n i t z  Marine Biology Labo r a t o r y ,  E i l a t ,  I s r a e l .
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25 BEN-TUVIA ET AL. RED SEA ENVIRONMENT-BIOLOGY

wes t  Indian  Ucean.
Uo t h e s e  exc e p t i ona l  c o n d i t i o n s  a f f e c t  t h e  abundance ahd s t r u c t u r e  of  t he  

c o r a l  r e e f  f i s h  community? This paper  summar izes  some o b s e r v a t i o n s  and q u a n t i ­
t a t i v e  da t a  ob t a i ne d  in a f i s h  census  s tudy  on a smal l  s e c t i o n  of  a t y p i c a l  
r e e f ,  as p r e l i m i n a r y  i n f o r m a t i o n  f o r  a c o mp ar a t i ve  s tudy  wi t h  o th e r  r eg i ons  of  
t r o p i c a l  s eas .

M ateria ls  and Methods

This s tudy  began on August  12, 1977 (day 1), when t he  f i r s t  v i sua l  census  
and p r onox f i s h  c o l l e c t i o n  (commercial  chemical  based on rotenone  emul s ion)  were 
c a r r i e d  out  a t  t he  s e l e c t e d  s i t e .  Four censuses  f o l l owed :  on Apri l  20, 1978
(day 251 ) ,  O c t o b e r  9,  1978 (day 454 ) ,  on March 17,  1979 (day 613) ,  and on 
November 14, 1981 (day 1220). P r onoxf i sh  c o l l e c t i o n s  f o l l owe d  t he  l a s t  two.

Usua l ly  f ou r  scuba d i v e r s  ( the  a u t h o r s )  worked,  one f o r  each h a b i t a t  t o  
c o n d u c t  t h e  o n e - h o u r  c e n s u s .  We r e c o r d e d  names  and numbers  o f  f i s h  and 
e s t i m a t e d  t h e i r  s i z e s  wi t h  a penc i l  and a PVC s l a t e  underwa t e r .  All censuses  
were conducted dur i ng  midday or  e a r l y  a f t e r no o n  hours.  Defaunat ion  was p e r ­
f o r me d  by a p p l i c a t i o n  o f  p r o n o x f i s h  t o  t h e  t h r e e  s t u d i e d  h a b i t a t s .  S i n c e  
d i f f e r e n t i a l  c o l l e c t i n g  from s e p a r a t e  h a b i t a t s  was not  f e a s i b l e  due t o  t h e i r  
r e l a t i v e  p r o x i m i t y ,  we dec ided t o  t r e a t  a l l  t h r e e  s im u l t a n e o u s l y  and pool the  
c o l l e c t e d  f i s h .  C o l l e c t i n g  was c a r r i e d  out  w i t h  d i p n e t s ,  a l t hough  some of 
t h e  l a r g e r  specimens  were speared .  To f a c i l i ­
t a t e  s p ec i e s  i d e n t i f i c a t i o n  dur ing  cens us es ,  we 
took photographs  wi t h  a Nikonos I I  camera wi th  
Oceanic 20UÜ s t r ob e .  The museum c o l l e c t i o n s  of 
t h e  Hebrew U n i v e r s i t y  o f  J e r u s a l e m  have  p r e ­
se rved  t he  f i s h .

The Study Area

The a rea  s e l e c t e d  f o r  t he  s tudy (Figure  1) 
i s  in t he  Gulf  of  Aqaba along t he  e a s t e r n  coas t  
o f  S i n a i  P e n i n s u l a  (28°54 ' N,  3 4° 37 ' E ) ,  10 km 
south  of  Nuweiba* and about  80 km south  of  E i l a t  
(El a t ) .  I t s  genera l  s t r u c t u r e  and b i o t i c  c h a r ­
a c t e r i s t i c s  a r e  t y p i c a l  of  a shal  l ow-wa t e r  coral  
h a b i t a t  of  t he  Gulf of  Aqaba.

The s tudy s i t e  was 74 m2 in a r e a ,  c o n s i s t ­
i n g  of  a n a r r o w  f r i n g i n g  r e e f  s e p a r a t e d  f rom 
shore  by a s ha l l ow,  7-8-m-wide rocky lagoon and 
10-12 m of  r e e f  f l a t  (Figure  2). On i t s  seaward 
s i d e  t h e  r e e f  f l a t  d r o p s  a b r u p t l y  as  a s t e e p  
v e r t i c a l  f o r e r e e f  f r o n t  about  2.5 m high,  which 
forms a spur r ed  c l i f f  p e r f o r a t e d  by c r e v i c e s  and 
s m a l l  c a v e s .  A 10 . 5 - r n - l ong  s t r e t c h  of  t h i s

M E D IT E R R A N E A N
S EA

SIN A I

S l a t

29

R E D  S E A
50

i2 — wasf o r e r e e f  — wi th  a s u r f a c e  area  of  25 
chosen f o r  i n v e s t i g a t i o n .

There i s  an i s o l a t e d  knol l  of  c y l i n d r i c a l  
shape (patch r e e f ) ,  10.0 m in p e r i m e t e r  and

FIGURE 1. Map of  t he  Gulf 
of  Suez and Gulf of  Aqaba, 
showing the  i n v e s t i g a t e d  
area  south of  Nuweibá.
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* j ç  ¿ " .« ■ w .* .  . ƒ . ,   ,

25 m¿ i n  s u r f a c e  a r e a ,  some 
4 -6  m f a r t h e r  s e a w a r d .  The 
base of  t he  knol l  c o n s t i t u t e s  
t h e  d e e p e s t  p a r t  ( 4 . 2  m 
d e e p ) ,  t a k e n  as  an a v e r a g e  
b e t w e e n  low and h i g h  t i d e s .
S u r r o u n d i n g  t h e  k n o l l  i s  a 
f l a t  sandy  b o t t o m ,  p a r t l y  
c o v e r e d  by d e n s e  p a t c h e s  o f  
t h e  s e a g r a s s  H a l o p h i l a  s t i ­
p u l a c e a  and t o  a l e s s e r  e x ­
t e n t  by H a l o d u l e  u n i n e r v i s .
From t h i s  b io t ope  we s e l e c t e  
a r e c t a n g l e  o f  a b o u t  24 m 
f o r  t h e  s t u d y .  Beyond t h i s  
s i t e  t he  sandy bot tom gradu­
a l l y  descends  t o  about  40 m, 
t hen  drops  s t e e p l y  some 70 m 
from shore.

The f o r e r e e f  and k n o l l  
a r e  covered by numerous c o l ­
o n i e s  o f  s e i e r a c t i ni  an c o r ­
a l s ,  p r e d o m i n a n t l y  Acropora 
spp. ,  S ty lo p h o ra  p i s t i l l a t a ,  
and t o  a l e s s e r  e x t e n t  Favia 
spp.  and P la ty g y r a  l a m e l l i n a .
Also a b u n d a n t ,  p a r t i c u l a r l y  
on t h e  u pp e r  p a r t s  o f  t h e  
a r e a ,  a r e  l a r g e  c o l o n i e s  of  
t he  hydrozoan M il lepora  p l a ­
t y p h y l l a  .

The a d j a c e n t  r e e f  f l a t ,
190 m^ in a r e a ,  forms a l a r g e  
component of  t he  s h a l l o w -  wa­
t e r  h a b i t a t  (F igure  2 ) .  I t  
i s  covered wi th  dead coral  
d e b r i s ,  cemented i n t o  a p l a t ­
form by c a l c a r e o us  a l gae .  On i t s  seaward s i de  t he  r e e f  f l a t  g r a d u a l l y  becomes 
r i c h e r  in l i v e  c o r a l s  and forms a v e r t i c a l  wal l  of t he  f o r e r e e f .

The sha l l ow r ee f  f l a t  i s  s t r o n g l y  i n f l u e n c e d  by waves and t i d e s ,  caus ing  
d i f f i c u l t i e s  in v i s ua l  count s  of  f i s h  p op u l a t i o n s .  Also v i s i t i n g  t he  a rea  are  
s c h o o l s  o f  f i s h  l i k e  a c a n t h u r i d s ,  s i g a n i d s ,  m u l l i d s ,  and s p a r i d s ,  wh i ch  
f r e q u e n t l y  c r o s s  t he  s i t e  in t h e i r  c o ns t a n t  movements along the  r ee f  f l a t  in 
n o r t h - s o u t h  or  s o u t h - n o r t h  d i r e c t i o n s .  Prolonged o bs e r v a t i on s  would be needed 
t o  e v a l u a t e  c o r r e c t l y  t h e i r  biomass  per  u n i t  of  a r ea .  Thus,  in o rde r  t o  avoid 
m i s i n t e r p r e t a t i o n  of  t he  d a t a ,  we did not  i nc l ude  the  count s  c a r r i e d  out  on the  
r e e f  in our  a n a l y s i s  of  t he  p opu l a t i on  s t r u c t u r e .

FIGURE 2. Top: Map of  the  i n v e s t i g a t e d
a r e a .  Bot tom: Transver se  s e c t i o n  of  t he  i n ­
v e s t i g a t e d  a r e a ,  showing (A) i n t e r t i d a l  zone,
(B) l agoon,  (C) back r ee f  margin,  (D) r e e f  
f l a t ,  (E) f o r e r e e f ,  (F) s e ag r a s s - sa n d  bed,
(G) k n o l l ,  (H) cora l  head,  and ( I )  o u t e r  r ee f
si  ope.
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Results

Spec i es  Composi t ion

The v i s ua l  censuses  r ecorded  73 s p e c i e s  dur ing  t h e  s tudy (Table 1): 54
s p e c i e s  (74.0 p e r c e n t )  in t h e  f o r e r e e f ,  53 (72.6 p e r ce n t )  on t he  k n o l l ,  and 32 
(43.8 p e r ce n t )  on t h e  s e a g r a s s - s a n d  bed. Labr idae  compr i sed t h e  l a r g e s t  p r o ­
p o r t i o n  of  s p e c i e s  (17.8 pe r c e n t  of  t h e  t o t a l  observed) ,  f o l l owed  by Pomacen­
t r i d a e  (15.1 p e r ce n t )  and Blennidae  (9.6 p e r c e n t ) ;  S e r r a n i d a e ,  Apogonidae,  and 
Chae t odont i dae  compr i sed 6.8 p e r ce n t  each.  These s i x  f a m i l i e s  account  f o r  62.9 
p e r c e n t  of  t he  t o t a l  number of  s pe c i e s .

The l a r g e s t  number of  s p e c i e s  was found on t h e  f o r e r e e f  and on t h e  k n o l l ,  
c o n s i d e r a b l y  l e s s  on t he  s e a g r a s s - s a n d  h a b i t a t .  There a r e  d i f f e r e n c e s  in t he  
compos i t i on  of  t he  f i s h  as sembl ages  among t he  t h r e e  a r e a s  - -  f o r e r e e f ,  k n o l l ,  
and s e a g r a s s - s a n d ;  s e r r a n i d s  ( p a r t i c u l a r l y  A n t h i a s  s q u a m i p i n n i s ) ,  T h a l a s s o m a  
k l u n z i n g e r i ,  and c h r o m i s  d i m i d i a t a  were found on t he  f o r e r e e f  and knol l  only;  
m u l l i d s  and s i g a n i d s  on t he  s e a g r a s s - s a n d  bed.

D i s t r i b u t i o n  of  Fish

The most  abundant  f i s h  was A n t h i a s  s q u a m i p i n n i s ,  f eed i ng  in groups of  20- 
120 i n d i v i d u a l s  in t he  wa t e r  column near  t h e  f o r e r e e f  and kno l l .  Among the
p o ma c e n t r i d s ,  C h r o m i s  c a e r u l e a  was counted in two censuses  but  not  seen in the
t h r e e  o t h e r s ,  p robably  h i d i ng  in t he  branches  of A c r o p o r a .

C h r o m i s  d i m i d i a t a  appeared in a l l  c ens us es ,  g e n e r a l l y  c l o s e  t o  the f o r e ­
r e e f  and knol l  in groups of  10-30 i n d i v i d u a l s ;  P o m a c e n t r u s  s u l f u r e u s  was l e s s  
a b u n d a n t ,  a p p e a r i n g  in  p a i r s  o r  t h r e e s .  T h i s  s p e c i e s  v e n t u r e d  o u t  t o  t h e  
su r round i ng  s e a g r a s s - s a n d  bed,  but  u s u a l l y  s t a ye d  near  t u r r e t s  of  f i r e  cora l  
(M i l l e p o r a  p l a t y p h y l l a ) .  Of t he  Cha e t odon i i d s , t he  commonest  was C h a e t o d o n  
p a u c i f a s c i a t u s ,  which was seen on the  f o r e r e e f  and k n o l l ,  p a t r o l i n g  in p a i r s  or
smal l  groups,  c h a e t o d o n  a u s t r i a c u s ,  as wel l  as c. a u r i g a ,  were seen in t he
f o r e r e e f  only ,  l i v i n g  in p a i r s .  A s i n g l e  specimen of  M e g a p r o t o d o n  t r i f a s c i a l i s  
was r ecorded  on t he  f o r e r e e f .

The most  common apogoni d was A p o g o n  c y a n o s o m a ,  h i d i ng  in caves and c r e v ­
i c e s  of  t he  f o r e r e e f  and k n o l l ,  u s u a l l y  in groups of  10-40 i n d i v i d u a l s ,  but  in 
one census 112 were observed.  Of t h e  l a b r i d s ,  G o m p h o su s  c a e r u l e u s ,  a t r a n s i e n t  
s p e c i e s ,  was found in summer near  f o r e r e e f  and k n o l l ,  but  was abs en t  dur ing  
w i n t e r  censuses .

Two c l e a n i n g  s t a t i o n s  were observed c o n s i s t e n t l y  t h r oughout  t he  s tudy:  
one on t he  e a s t  s i d e  of  t h e  k n o l l ,  t he  o t he r  on the  nor th  s i de  of  t he  f o r e r e e f .  
Each s t a t i o n  con t a i ne d  2-6 i n d i v i d u a l s  of  L a b r o i d e s  d i m i d i a t u s ,  which o c c a s i o n ­
a l l y  moved away from the  s t a t i o n  as f a r  as 4 m i n t o  t he  s e a g r as s  f l a t  t o  c l ean  
f i s h .  T h a l a s s o m a  k l u n z i n g e r i  was one of  t he  commonest  s p e c i e s  encount e red .  
T h a l a s s o m a  l u n a r e  was r a r e ,  and appeared only in t he  s p r in g  censuses .  Mul l i ds  
were observed over  t he  s ea g r a s s - s a n d  bed. The most  common were M u l l o i d e s  
f l a v o l i n e a t u s  in groups of  10-25 and P a r u p e n e u s  f o r s s k a l i  in groups of  2-12.  
Less common were p .  c y c l o s t o m u s  and p. m a c r o n e m a .  Syngnathids  were encount e r ed  
in t h e  s e a g r a s s  bed;  D u n c k e r o c a m p u s  m u l t i a n n u l a t u s  was seen in summer months 
on ly ,  whereas  Y o z i a ' b i c o a r c t a t a  appeared in a l l  o t h e r  c ensus es ,  except  dur ing 
t h e  sp r i n g .  A c a n t h u r u s  n i g r o f u s c u s  and C t e n o c h a e t u s  s t r i a t u s  were seen in
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TABLE 1. Species recorded in  f iv e  v isua l censuses on kno ll (K) , seagrass-sand bed (G), and fo re re e f (R).

August 12,77 A p r il 20, 78 October 9,78 March 17, 79 November 14, 81
Family and Species K Û ft K G R k G R K Ó R K G R

Muraenidae
U n id e n tifie d  muraenid 1

Holocentridae
A d io r y x  diadema 1 2 1 1 2 1

Syngnathidae
Dunckerocampus m u l t i a n n u l a t u s 2 1 2 2 3 15
C o r y t h o i c h t h y s  f l a v o f a s c i a t u s 2
Y o z ia  b i c o a r c t a t a 2 2 6 1 3 6 2

Scorpaenidae
P t e r o i s  v o l i t a n s 1 2 1 2 2 1 1 3
P te r o is  r a d i a t a 1

Platycephalidae
P l a t y c e p h a l u s  t u b e r c u l a t u s 1

Serrani dae
A n th ia s  s q u a m ip in n i s 50 31 40 126 34 40 34 1 16 40
C e p h a la p h o l i s  m i n i a ta 1
E p in e p h e lu s  f a s c i a t u s 2 4 5 1 1 1 5 1 2 1 1 3
E p in e p h e lu s  t a u v i n a 1 1
G ram m istes s e x l i n e a t u s 2 I 1 2

Pseudochromidae
P seu d o ch ro m is  f r i d m a n i 5 1 7 7 4 5 1
P seu d o ch ro m is  o l i v a c e u s 2 2

Apogonidae
Apogon  hyalosom a 16
Apogon cyanosoma 4 35 8 17 10 112 16
Apogon a n g u s t a t u s 1 16 10 15 4
Apogon  Sp. 20 12
C h e i l o d i p t e r u s  q u in q u e l in e a tu s 2 5 5 6

Mul1 idae
M u llo id e s  f la v o l in e a t u s 25 14
P arupeneus f o r s s k a l i 16 10 3 2 6
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TABLE 1. Continued. (Key: K = kno ll ,  G = seagrass-sand bed, F-  fo re re e f)

August 12. 77 A p ril 20 78 October 9. 78 March 17 . 79 November 14,81
Family and Species K G R K G R K G R K G R K G R
Hui 1 idae

Parupeneus marcronema 2 1
P arupeneus cyclos tom us 1 2 1

Chaetodoni i dae
C haetodon a u r ig a 2 2
Chaetodon  a u s t r i a c u s 4 4 1 1
C hae todon  p a u c i f a s c i a t u s 2 1 4 12 2 2 3 5 1 3
C haetodon  f a s c i a t u s 2 2 2 2 1
Megaprotodon t r i f a s c i a l i s 1

Pomacentri dae
A bu defdu f v a ig ie n s is 4 2 6 6
A b u d e fd u f  Sp. 5
A m b lyg lyp h id o d o n  l e u c o g a s t e r 1
A m b lyg lyp h id o d o n  Sp. 2 2 2 5
Chromis  c a e ru le a SO 200 25
Chromis d i m i d i a t a 12 4 26 6 26 21 27 22 14 8 2
D a s c y l lu s  m a r g in a tu s 1
D a s c y l lu s  t r i m a c u l a t u s 6 1 4
Pom acen trus  a q u i l u s 2
P om acentrus  s u l f u r e u s 4 14 6 21 1 2 11 6 8 9
P om acentrus  t r i c h o u r u s 2 2 8 2 4 1 1 4 1 6 2

Labri dae
Anampases m e le a g r id e s 1
C h e i l i o  i n e r m i s 4 2 2 1
C o r is  a y g u la 4 1 5 2 6 4 4 4 4
C o r is  sp. 1 1
(.'onip h o su s  c a e r u l e u s 1 2 4 1 2 4 1 1 2 1 1 9 1
H a l i c h o e r e s  h o r t u l a n u s 1 6
L a b r o id e s  d im id ia tu s 3 1 3 3 1 2 5 6 1 3 1
Hal i c h o e r e s  s c a p u l a r i s 15 2
P s e u d o c h e i l i n u s  h e x a ta e n ia 2 1
S t e t h o j u l i s  a l b o v i t t a t u s 1
Thalassoma l u n a r e 6 4 15 1 9 1 2
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TABLE 1, Continued. (Key: K * k n o l l,  G = seagrass-sand bed, F = fo re re e f)

August 12, 77 A p r il 20, 78 October 9, 78 March 17, 79 'tovember 14,81
Family and Species K G R K G R K G R K G R K G R
Labridae

Thalassoma  purpureum 2
Thalassoma k l u n z i n g e r i 6 1 13 6 10 45 16 3 37 28 3 31 5 10 21

Scaridae
(5 species) 10 2 3 5 2 3

Blennidae
A s p i d o n tu s  t a e n i a t u s 3 2
E c s e n i u s  f r o n t a l i s 2 12 4
E c s e n iu s  sp. 1 11 5 4 2 9 2 4 2 3
E x a l l i a s  b r e v i s 2 3 1
I s t i b l e n n i u s  Sp. 2
P la g i o t r e m u s  r h i n o r h y n c h u s 1
P la g io t r e m u s  tapeinosom a 1

Acanthuridae
A can th u ru s  n i g r o f u s c u s 2 6 14 3 8 38 41 8 38 15 3
Zebrasoma  xanthurum 5 4

Siganidae
S ig a n u s  l u r i d u s 4 4 10 2 5
S ig an u s  r iv u la t u s 2 14 6

B a lis tid a e
P s e u d o b a lis te s  fu s c u s 1

Monacanthidae
Oxymonocanthus h a l l i 2

Tetraodontidae
A r o th r o n  d ia d e m a tu s 1
C a n t h i g a s t e r  m a r g a r i ta t a 1

-
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25 BEN-TUVIA ET AL. RED SEA ENVIRONMENT-B IOLOGY

schoo l s  of  up t o  50 i n d i v i d u a l s  in a l l  h a b i t a t s  of  t h e  i n v e s t i g a t e d  s i t e .
We observed  schoo l s  of  j u v e n i l e s  of  s eve ra l  s p ec i e s  dur ing  summer months,  

cons i de r e d  t o  be t h e  peak of  t h e  b reed i ng  season of  many cora l  r e e f  f i s h ;  
A p o g o n  c y a n o s o m a  (20-30 mm), S t e t h o j u l i s  a l b a v i t t a t u s  (30r65 mm), C h a e t o d o n  
a u s t r i a c u s  ( 3 0 - 70  mm), C. a u r i g a  ( 2 0 - 70  mm), C. p a u c i f a s c i a t u s  ( 10 - 60  mm), 
E p i n e p h e l u s  f a s c i a t u s  (30-80 mm), S i g a n u s  l u r i d u s ,  S .  r i v u l a t u s »  and S.  a r g e n ­
t e u s  (25-60 mm),and A c a n t h u r u s  n i g r o f u s c u s  (35-65 mm). Many of  t h e  Pomacen­
t r i d a e  were j u v e n i l e s ,  and t h i s  was ev i de n t  p a r t i c u l a r l y  wi t h  c h r o m i s  d i m i d i a t a  
(25-30 mm), C. c a e r u l e a  (25-35 mm), and A m b l y g l y p h i d o d o n  l e u c o g a s t e r  (30- 
40 nun).

In t he  s p r in g  s eve r a l  o t h e r  j u v e n i l e s  were c o l l e c t e d :  G r a m m i s t e s  s e x ­
l i n e a t u s  (30-60 mm), E p i n e p h e l u s  f a s c i a t u s  (35-55 mm), S y n o d u s  v a r i e g a t u s  (43- 
58 mm), a b r o t u l i d  B i d e n i c h t h y s  c a p e n s i s  (32-47 mm), A n t e n n a r iu s  sp.  (43-60 mni, 
and S c o r p a e n o p s i s  d i a b o l u s  (21-70 mm). J u v e n i l e  c h a e t o d on t i d s  were p r es e n t  
a l s o  dur ing  March— c h a e t o d o n  a u s t r i a c u s  (35-60 mm) and c.  p a u c i f a s c i a t u s  (47 
m m ) - - b u t  i n  t h i s  s e a s o n  t h e r e  we r e  r e l a t i v e l y  more a d u l t s  (110 mm). Two 
j u v e n i l e  specimens  of  a pomacant id  c e n t r o p y g e  m u l t i s p i n u s  (32, 34 mm) were a l s o  
p r e s e n t .

In November,  j u v e n i l e s  of  d i f f e r e n t  s p ec i e s  were found.  A c a n t h u r u s  n i g r o ­
f u s c u s  (20-100 mm), T h a l a s s o m a  k l u n z i n g e r i  (10-45 mm), C o r i s  a y g u l a  (30-32 mm), 
L a b r o i d e s  d i m i d i a t a  ( 3 0 - 35  mm), P o m a c e n t r u s  s u l f u r e u s  ( 10 - 45  mm), C h r o m i s  
d i m i d i a t a  (30-35 mm), P t e r o i s  v o l i t a n s  (30 mm), s ca r id s  (60-70 mm), P a r u p e n e u s  
f o r s s k a l i  (50-55 mm), A p o g o n  a n g u s t a t u s  (15-20 mm), muraenids  (80-130 mm), and 
P a r a c i r r h i t e s  f o r s t e r i  (45 mm). Some found in t he  s p r i n g  and summer months 
r eappeared  — B i d e n i c h t h y s  c a p e n s i s  (27-42 mm) and s i g a n i d s  (15-80 mm) —y e t  
o t h e r s ,  such as E p i n e p h e l u s  f a s c i a t u s  (90-400 mm), were r e p r e s e n t e d  by l a r g e  
i n d i v i d u a l s  only.

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 e q u i t a b i l i t y  o f  t h e  i n i t i a l  
f o r e r e e f  community (August 12, 1977,  day 1) were t h e  h i g h e s t  va l ues  encount e red  
f o r  any o f  t h e  i n d i v i d u a l  a s s e m b l a g e s  d u r i n g  t h e  e n t i r e  s t u d y .  S i n c e  a l l  
c a l c u l a t i o n s  were based on n o nc r y p t i c ,  d iu r na l  s p e c i e s ,  and s i n c e  cens uses  were 
c a r r i e d  out  in d i f f e r e n t  months of  t he  y e a r ,  i t  i s  d i f f i c u l t  t o  a t t e m p t  t o  draw 
any d e f i n i t e  c onc l us i ons  r e ga r d i ng  t he  d e t e r mi n a n t s  of  t h e  o v e r a l l  s p e c i e s  
c ompos i t i on .  Sale  (1980) e x p e r i m e n t a l l y  denuded pa t ch r e e f s  and demons t r a t ed  
t h a t  both de f auna t ed  and c on t ro l  r e e f s  e x h i b i t e d  s i g n i f i c a n t  commu n i t y - s t ru c -  
t u r e  c h a n g e s  t h r o u g h o u t  a 28 - mo n t h  p e r i o d .  He c o n c l u d e d  t h a t  t h e  s p e c i e s  
compos i t i on  of  f i s h  a ssembl ages  around smal l  cora l  pa t ch  r e e f s  i s  be s t  unde r ­
s tood in t e rms  of  chance c o l o n i z a t i o n  and m o r t a l i t y .

The r e s u l t s  of  our  s tudy agree  wi th  t h i s  t h e o r y ,  s ugg e s t i n g  t h a t  s m a l l -  
s c a l e  r e e f - f i s h  communi t i es  t end  t o  d i s p l a y  low s t a b i l i t y  but  high r e s i l i e n c e .  
The sp e c i e s  compos i t i on  of  t h e  Nuweiba” f o r e r e e f  and knol l  should r e f l e c t  t he  
r e l a t i v e  a b u n d an c e  o f  t h e  l o c a l  f i s h  i n v e n t o r y ,  w h i l e  p h y s i c a l  and b i o t i c  
f l u c t u a t i o n s  of  t he  envi ronment  de t e rmined  t he  v a r i a t i o n s  of  a given assemblage 
wi t h  t i me .  Such v a r i a t i o n s  (up t o  3 . 5 - f o l d )  were observed in t he  f i s h  number 
in  b o t h  f o r e r e e f  and k n o l l  d u r i n g  o u r  c e n s u s e s ,  w h i l e  t h e  number  o f  f i s h  
s p ec i e s  was more c o n s i s t e n t  (Table 2).

The s p e c i e s  compos i t i on  of  t h e se  h a b i t a t s ,  as r e f l e c t e d  by t h e  degree  of  
s i m i l a r i t y  (Table 3), demons t r a t ed  low cons tancy.  Any given assemblage of 
t h e s e  two h a b i t a t s  had changed s i g n i f i c a n t l y  by the  t i me  of  t he  next  s u r v e i l ­
l ance .  The c o e f f i c i e n t  of  community (Table 3), which measures  t he  amount of
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TABLE 2. Speci es  d i v e r s i t y  (H1), e q u i t a b i l i t y  ( J ‘), number of f a m i l i e s ,  number
of  s p e c i e s ,  and number of  i n d i v i d u a l s  by h a b i t a t and d a t e  of  census .

Hab i t a t  and L No. of No. of No. of
Date H' a J ' b Fami l i e s  Spec i es I n d i v i d u a l s

Fo r e r ee f
Aug. 12, 1977 3.2617 0.9328 13 33 267
Apr.  20,  1978 2.2683 0.6736 12 29 334
Oct .  9,  1978 2.4966 0.8077 10 19 251
March 17,  1979 2.5465 0.8364 8 21 137
Nov. 14,  1981 2.7988 0.8695 11 25 108

Knoll
Aug. 12, 1977 1.7448 0.6158 9 17 92
Apr.  20,  1978 2.3038 0.7690 10 20 114
Oct .  9,  1978 2.1502 0.7589 11 17 106
March 17,  1979 1.4718 0.5092 8 18 324
Nov. 14, 1981 2.1719 0.6590 13 27 277

Seagrass
Aug. 12,  1977 2.3672 0.8538 10 16 119
Apr.  20,  1978 2.5685 0.9066 7 17 70
Oct .  9,  1978 2.1654 0.8714 7 12 30
March 17,  1979 2.3854 0.8253 8 18 97
Nov. 14, 1981 1.4878 0.1428 7 7 37

s
a H' = E Pi ln 

i = 1
Pi ( s pe c i e s  d i v e r s i t y ,  given in na t s  ) .

bJ '  = H' ( e q u i t a b i l i t y ) .
max (H1)

s p e c i e s  shared by two as sembl ages  ( P i e l ou,  1974),  averaged 0.307 ± 0.06 f o r  t he  
knol l  and 0.255 ± 0 . 0 4  f o r  t h e  f o r e r e e f  when each census  was compared t o  i t s  
p r edec es s o r .  A compar i son of  t he  i n i t i a l  census  t o  each of  t h e  ensuing  ones 
showed even l e s s  s i m i l a r i t y .  Pe r cen t  s i m i l a r i t y  was used here t o  measure t he  
s i m i l a r i t y  between s p e c i e s  q u a n t i t i e s  (Mol les ,  1978).  There i s  an obvious 
dec rease  in p e r ce n t  s i m i l a r i t y  (Table 3) i n  t h e  k n o l l ,  whereas  in  t he  f o r e r e e f  
t h i s  measure f l u c t u a t e d  around a mean of 0.5322 ± 0.1.

Our f i n d i n g s  agree  w i t h  t hos e  of  Sale  and Dybdahl (1978),  Sa le  (1980),  and 
Talbot  e t  a l .  (1978).  The c o l o n i z a t i o n  would be de t e rmi ne d  by such f a c t o r s  as 
t h e  t i me  of  denuda t ion ,  p o t e n t i a l  c o l o n i z e r s  l o c a l l y  a v a i l a b l e ,  o rde r  of  r e ­
c r u i t m e n t ,  and t h e  s i z e  of  t he  c o l o n i z e r s .  The l onge r  t h e  d u r a t i o n  between 
censuses ,  t he  g r e a t e r  t h e  p r o b a b i l i t y  of a sp e c i e s  abs e n t  from t he  o r i g i n a l  
assemblage t o  appear  and e s t a b l i s h  i t s e l f  on t h e  s i t e .

The number of  s p e c i e s  and i n d i v i d u a l s  observed in  t he  s e a g r a s s - s a n d  bed 
was h i gh l y  v a r i a b l e  (Table 2). These as sembl ages  c o n s i s t e d  mainly  of  f eed i ng  
t r a n s i e n t  s p ec i e s  ( s i g a n i d s ,  a c a n t h u r i d s ,  m u l l i d s ) ,  t y p i c a l  g r as s  i n h a b i t a n t s
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TABLE 3. C o e f f i c i e n t  of  community and pe r c e n t  s i m i l a r i t y  f o r  census  2, 3, 4, 
and 5 and two d i f f e r e n t  h a b i t a t s :  knol l  and f o r e r e e f .

C o e f f i c i e n t of  Community3 Percent Simi l a r i t y b
Census Ac B A B

Knol 1
2 0.2600 0.2600 0.5825 0.5825
3 0.2444 0.2449 0.6307 0.5744
4 0.2222 0.4000 0.2968 0.3351
5 0.2414 0.3235 0.3125 0.1830

For e r ee f
2 0.2051 0.2051 0.4493 0.4493
3 0.2466 0.2154 0.5526 0.6163
4 0.1940 0.3030 0.4636 0.6375
5 0.2266 0.2777 0.3455 0.4257

Nc
C o e f f i c i e n t  of  community (CC) i s  c a l c u l a t e d  as CC = , where Nr

N, + Ns -  Nc
i s  s p e c i e s  in common; N-j i s  i n i t i a l  number of  s p e c i e s  ( f i r s t  census ) ;  and Ns i s  
subsequent  number of  s p e c i e s .

n
bPercen t  s i m i l a r i t y  (C-¡c) i s  c a l c u l a t e d  as Ci c  = 1 -  1/2 E JPik - Ps k , where

k = i
Pik and Psk a r e  p r o p o r t i o n s  of  s p e c i e s  k found in a given h a b i t a t  a t  census  i 
and s .

CA = r e l a t i v e  t o  i n i t i a l  census  i = 1; B = r e l a t i v e  t o  p r ev i ous  census  i = 
s -  1.

such as c h e i l i o  i n e r m i s ,  or s t r a y  s p e c i e s  from t h e  a d j a c e n t  cora l  h a b i t a t s .  
The f i s h  h e r e  d i d  n o t  c o n s t i t u t e  a " communi t y"  i n  t h e  no rmal  s e n s e ,  b u t  
r a t h e r  an a r b i t r a r y  assemblage  de t e rmi ne d  by space and t i me  ( i . e . ,  a r ea  and 
d u r a t i o n  of  census) .  In fou r  out  of  f i v e  c a s es ,  t he  surveyed s e a g r a s s - s a n d  
assembl age  had high va l ues  of  s p e c i e s  d i v e r s i t y  and e q u i t a b i l i t y  (Table 2). 
The p r o n o x f i s h - c o l l e c t e d  f i s h  d e mo n s t r a t e  t h a t  j u v e n i l e s  of  many s p e c i e s  were 
p r e s e n t  in t h e  s tudy a rea  p r i m a r i l y  dur ing  s p r in g  and summer months and,  t o  a 
l e s s e r  e x t e n t ,  d u r i n g  e a r l y  w i n t e r .  U n f o r t u n a t e l y ,  j u v e n i l e s  a r e  l a r g e l y  
over looked dur ing  v i s ua l  censuses  due t o  t h e i r  c r y p t i c  behav i o r  and smal l  s i z e .  
A thorough i n v e s t i g a t i o n  of  t he  r e c r u i t m e n t  p a t t e r n s  of  such j u v e n i l e  cora l  
f i s h  would g r e a t l y  enhance our  unde r s t a nd i ng  of  t he  dynamics and s p e c i e s  com­
p o s i t i o n  of  f i s h  communi t i es  suppor t ed  by cora l  r ee f s .

Fish Biomass and S tanding Crop

We e s t i m a t e d  the  f i s h  biomass  from t h e  weight  of  f i s h  recorded  by the  
v i sua l  census  t aken on Ju ly  12, 1977 and November 14, 1981. Such an e s t i m a t i o n
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TABLE 4. 
habi t a t s .

Area ,  w e i g h t ,  and e s t i m a t e d s t a n d i n g  c r op  of f i sh in v a r i o u s

Habi t a t
Area
(m2 )

July 12, 1977 November 14, 1981 Average

Wei ght
(kg)

Standing
Crop

( k g / h a ' 1 )
Wei ght  

(kg)

Standing 
Crop , 

(kg/ha" )
Wei ght  

(kg)

Standi  ng 
Crop 

( k g / h a ' 1 )

Fore r ee f 25 3316 1330 2643 106U 2979 1192
Knol 1 25 1476 590 3890 1560 2683 1073
Seagras s - sand 24 1916 800 10U0 420 1458 607

Total  or
average 74 6708 910 7533 1020 7120 962

was made p o s s i b l e  by weighing and comparing m a t e r i a l  c o l l e c t e d  dur ing pronox­
f i s h  d e f a u n a t i o n  on t h e  same d a t e  i n  t h e  same a r e a .  The t o t a l  w e i g h t  ( t h e  
b i o m a s s )  o f  f i s h  c o u n t e d  i n  a l l  t h r e e  h a b i t a t s  amoun t ed  t o  6708 g i n  t h e  
f i r s t  census in 1977 and 7533 g in t h e  l a s t  one in 1981 (Table 4).

The s u r f ac e  of  t he se  h a b i t a t s  was 74 m2. Thus t he  w e t - f i s h  s t and i ng  crop 
amounted in t he  same y ea r s  t o  910 kg ha-1 and 1020 kg ha"*,  wi th  an average of  
962 kg h a ' 1, a l mos t  t h r e e  t i me s  t he  value (350 kg h a " 1) ob t a i ned  in a census in 
t he  Dahlak Archipe l ago ,  sou thern  Red Sea (Clark e t  a l . ,  1968). However,  the  
s e l e c t e d  h a b i t a t s  in the  two regions  d i f f e r e d .  Our s tudy s i t e  in t he  Gulf  of  
Aqaba was composed most ly  of  l i v e  coral  w a l l s  r i c h  in organ ic  p r oduc t i on ;  t h a t  
in t he  southern  Red Sea was mos t ly  sha l l ow w a t e r ,  sandy beach , and  r ee f  f l a t  
wi t h  s c a t t e r e d  cora l  heads and smal l  rocks.  As s t r e s s e d  by severa l  au t hor s  
(e.g. ,  Odum and Odum, 1955; Randa l l ,  1963),  t he  phys i ca l  s t r u c t u r e  o f  t he  r e e f  
h a b i t a t  and i t s  p o s i t i o n  in r e l a t i o n  to  t he  open sea c u r r e n t s  a r e  impor t an t  
f a c t o r s  i n  t h e  d e v e l o p m e n t  o f  a f i s h  a s s e m b l a g e .  I m p o r t a n t  a l s o  a r e  t h e  
methods employed in  v i sua l  f i s h  censuses  and in c o l l e c t e d  f i s h  from t he  de f i ne d  
a r ea .  Compiled from var ious  source:», the  wet s t and i ng  crop can vary between
175 and 2000 kg h a ' 1 (Brock e t  a l . ,  1979).

The results  of  our study show t h a t  on average the f o r e r e e f  and the knoll 
yie lded  a much higher standing crop ( i o85  kg h a ' 1) than the  s e a g r a s s - s a nd  h a b i t a t  
(607 kg h a '1). The d i f f e r e n c e  in s t and i ng  crop of  t he  knol l  and t h e  a d j ac e n t  
g r as s - sa n d  in  1977 and 1981 (Table 4) i s  exp l a ined  by t he  occur rence  of  groups 
of mobi le f i s h ,  l i k e  mu l l i d s  and a c a n t h u r i d s ,  which on d i f f e r e n t  da t e s  were 
s p o t t e d  in  v a r y i n g  numbers  ( Ta b l e  1) on t h e  s e a g r a s s - s a n d  bed ,  and a l a r g e
P s e u d o b a l i s t e s  f u s c u s  observed on one occas ion f eeding  on the  kno l l .  F i she l son
(1977),  in h i s  obse r va t i ons  of  f eeding  behavior  of  coral  f i s h  near  E i l a t ,  
noted t h a t  t he  f o r e r e e f  wal l  was t he  r i c h e s t  in s pec i e s  and q u a n t i t i e s .  Fur ­
t h e r  s t u d i e s  a r e  needed  t o  compare  t h e  s t a n d i n g  c rop  of  t h e  p r e d o m i n a n t l y  
t e r r i t o r i a l  f i s h  assemblages  of  our s tudy wi th  the  s t and i ng  crop of  mobi le 
s pec i e s  f eed i ng  near  the  bot tom or in the  wate r  column (Davis and Birdsong,  
1973; Randal l ,  1963, 1967).
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Discussion

The m a j o r i t y  of  t he  censused s p ec i e s  were r e l a t i v e l y  s ed e n t a r y  f i s h ,  
l i v i n g  in a r e s t r i c t e d  t e r r i t o r y  of  a p a r t i c u l a r  h a b i t a t .  Mobi le s p e c i e s ,  l i k e  
a c a n t h u r i d s ,  s i g a n i d s ,  and m u l l i d s  we r e  m a i n l y  on t h e  s e a g r a s s  and sandy  
pa t ches  or  on t he  r e e f  f l a t ,  but  seldom on t h e  knol l  and t h e  f o r e r e e f .

Not a l l  o f  t h e  o b s e r v e d  s p e c i e s  we r e  c o l l e c t e d  w i t h  p r o n o x f i s h .  The 
e f f i c i e n c y  of  p r onox f i s h  c o l l e c t i o n  c o n s i s t s  of  t h r e e  main f a c t o r s :  f r e s h  and
p o t e n t  i c h t h y o c i d e ,  c u r r e n t l e s s  w a t e r ,  and c o r r e c t  a p p l i c a t i o n  of  t h e  chemica l .  
We c o l l e c t e d  some 7Ü pe r ce n t  of  t h e  s p e c i e s  p r e s e n t  on a cora l  r e e f  s e c t i o n .  
Repopula t ion in  t r o p i c a l  w a t e r s  i s  u s u a l l y  qu i ck ,  t a k i n g  much l e s s  than a y e a r  
(Brock e t  a l . ,  1979; Smith and T y l e r ,  1975). Our r e s u l t s  show t h a t ,  a l t hough  
we observed a combined t o t a l  of  73 s p e c i e s  in a l l  c ens us e s ,  we c o l l e c t e d  103 
s p ec i e s  wi t h  t h e  t h r e e  p ronox f i sh  t r e a t m e n t s  of  t h e  i n v e s t i g a t e d  a rea .  Obvi­
o u s l y ,  some of  t he  c o l l e c t e d  but  not  seen f i s h ,  by r eason of  t h e i r  h a b i t a t  or  
behav i o r  ( n o c t u rn a l ,  c r y p t i c ) , o r i g i n a t e d  from t he  t e r r i t o r y  of  t h e  s tudy s i t e .  
However,  t hey  cannot  be s ep a r a t e d  from o t h e r  f i s h  of  t he  ne i ghbor i ng  a r e a s ,  
and t h e r e f o r e  we r e  n o t  i n c l u d e d  i n  t h e  a n a l y s i s  o f  t h e  r e s u l t s .  Thus ,  t h e  
b iomass  c a l c u l a t e d  in  t h i s  paper  i s  u n d e r e s t i m a t e d .  The d i f f e r e n c e  i s  probably  
smal l  s i n c e  t he  c o l l e c t e d  f i s h ,  not  seen in t h e  s tudy s i t e ,  were smal l  and 
weighed l i t t l e ;  however ,  they  could add c o n s i d e r a b l y  t o  t h e  s p ec i e s  d i v e r s i t y  
r e s u l t s  ob t a i n e d  here.

The high number of  s p e c i e s  a n d , t h e  high s t a n d i ng  crop of  t he  s tudy  s i t e  i s  
e xp l a i ne d  by t h e  c h a r a c t e r  of  t he  s e l e c t e d  s e c t i o n  of  t he  r e e f .  Undoubtedly,  
t h e  f o r e r e e f  and t h e  a d j a c e n t  knol l  belong t o  one of  t h e  most  p r od u c t i ve  and 
r i c h  in  s p ec i e s .  They have t he  advantage of  t op o g r ap h i c  p o s i t i o n  in compara­
t i v e l y  s ha l l ow wa t e r s  and complex i t y  of  s t r u c t u r e ,  f u l l  o f  g u l l i e s  and c r e v ­
i c e s ,  p r ov i d i ng  s h e l t e r s  and t e r r i t o r i e s .  I t  i s  a s t a b l e  h a b i t a t ,  out  of  t he  
danger  of  occas i ona l  exposures  dur ing  ex c e p t i o n a l  low t i d e s  ( F i s he l s on ,  1973; 
Loya,  1972),  in c o n t r a s t  t o  t he  " d i s t u r b e d  s i t e "  c h a r a c t e r  of  t he  r ee f  f l a t .  
The high number of  f i s h  s p e c i e s - -  73 observed and 10 or  15 more c o i l e c t e d  — in 
an a r ea  of  74 m2 de mo n s t r a t e s  t he  complex i t y  and r i c h n e s s  of  t he  f i s h  com­
muni ty ,  c l o s e l y  a s s o c i a t e d  wi th  t he  cora l  r e e f s  in t h e  Gulf of  Aqaba.
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