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PREFACE 

The Un i t ed  N a t i o n s  Confe rence  on t h e  Human Environment (Stockholm,  5-16 J u n e  
1972)  adop ted  t h e  Ac t ion  P l a n  f o r  t h e  Human Environment ,  i n c l u d i n g  t h e  G e n e r a l  
P r i n c i p l e s  f o r  Assessment and C o n t r o l  o f  Marine P o l l u t i o n .  I n  t h e  l i g h t  o f  t h e  
r e s u l t s  o f  t h e  Stockholm Confe rence ,  t h e  Un i t ed  N a t i o n s  G e n e r a l  Assembly d e c i d e d  t o  
e s t a b l i s h  t h e  Un i t ed  N a t i o n s  Environment Programme (UNEP) t o  " s e r v e  a s  a  f o c a l  p o i n t  
f o r  e n v i r o n m e n t a l  a c t i o n  and c o - o r d i n a t i o n  w i t h i n  t h e  Un i t ed  N a t i o n s  sys tem" 

0 

hi ( G e n e r a l  Assembly r e s o l u t i o n  (XXVII) of  1 5  December 1 9 7 2 ) .  The o r g a n i z a t i o n s  o f  t h e  
Un i t ed  N a t i o n s  sys t em were i n v i t e d  " t o  a d o p t  t h e  measu res  t h a t  may b e  r e q u i r e d  t o  
u n d e r t a k e  c o n c e r t e d  and c o - o r d i n a t e d  programmes w i t h  r e g a r d  t o  i n t e r n a t i o n a l  

Ã 

e n v i r o n m e n t a l  p rob lems" ,  and t h e  " i n t e r g o v e r n m e n t a l  and non-governmental  
o r g a n i z a t i o n s  t h a t  have  an  i n t e r e s t  i n  t h e  f i e l d  o f  t h e  envi ronment"  were a l s o  
i n v i t e d  " t o  l e n d  t h e i r  f u l l  s u p p o r t  and c o l l a b o r a t i o n  t o  t h e  Un i t ed  N a t i o n s  w i t h  a  
view t o  a c h i e v i n g  t h e  l a r g e s t  p o s s i b l e  d e g r e e  o f  c o - o p e r a t i o n  and c o - o r d i n a t i o n " .  
S u b s e q u e n t l y ,  t h e  Governing C o u n c i l  o f  UNEP c h o s e  "Oceans" a s  one  o f  t h e  p r i o r i t y  
a r e a s  i n  which i t  would f o c u s  e f f o r t s  t o  f u l f i l  i ts c a t a l y t i c  and c o - o r d i n a t i n g  
r o l e .  

The Req iona l  S e a s  Programme was i n i t i a t e d  by UNEP i n  1974.  S i n c e  t h e n  t h e  
Governing C o u n c i l  o f  UNEP h a s  r e p e a t e d l y  endor sed  a  r e g i o n a l  approach  t o  t h e  c o n t r o l  
o f  mar ine  p o l l u t i o n  and t h e  management o f  mar ine  and c o a s t a l  r e s o u r c e s  and h a s  
r e q u e s t e d  t h e  development o f  r e g i o n a l  a c t i o n  p l a n s .  

The Reg iona l  S e a s  Programme a t  p r e s e n t  i n c l u d e s  e l e v e n  regions and h a s  o v e r  
120  c o a s t a l  S t a t e s  p a r t i c i p a t i n g  i n  i t .  I t  is c o n c e i v e d  a s  an  a c t i o n - o r i e n t e d  
programme hav ing  conce rn  n o t  o n l y  f o r  t h e  consequences  b u t  a l s o  f o r  t h e  c a u s e s  o f  
e n v i r o n m e n t a l  p rob lems  t h r o u g h  t h e  management o f  mar ine  and c o a s t a l  a r e a s .  Each 
r e g i o n a l  a c t i o n  p l a n  is  f o r m u l a t e d  a c c o r d i n g  t o  t h e  n e e d s  o f  t h e  r e g i o n  a s  p e r c e i v e d  
by t h e  Governments conce rned .  I t  is d e s i g n e d  t o  l i n k  a s s e s s m e n t  o f  t h e  q u a l i t y  o f  
t h e  mar ine  env i ronmen t  and t h e  c a u s e s  o f  i ts  d e t e r i o r a t i o n  w i t h  a c t i v i t i e s  f o r  t h e  
management and d e v e l o  e n t  o f  r e g i o n a l  l e g a l  ag reemen t s  and o f  a c t i o n - o r i e n t e d  2T programme a c t i v i t i e s ~  . 

During its f o u r t h  s e s s i o n  i n  1976 t h e  Governing C p u n c i l  o f  UNEP approved t h e  
p r e p a r a t o r y  work f o r  conven ing  a  Req iona l  Confe rence  on t h e  P r o t e c t i o n  o f  t h e  Mar ine  
and C o a s t a l  Environment o f  B a h r a i n ,  I r a n ,  I r a q ,  Kuwai t ,  Oman, Q a t a r ,  Saud i  Arab ia  
and t h e  Un i t ed  Arab E m i r a t e s .  S u b s e q u e n t l y ,  on t h e  b a s i s  o f  a  f a c t - f i n d i n g  m i s s i o n  
s p o n s o r e d  by UNEP and s u p p o r t e d  by s e v e r a l  Un i t ed  N a t i o n s  a g e n c i e s ,  a  d r a f t  a c t i o n  
p l a n  d e a l i n g  w i t h  t h e  s c i e n t i f i c  and socio-economic  a s p e c t s  f o r  t h e  p r o t e c t i o n  and 
development  o f  t h e  mar ine  env i ronmen t  o f  t h e  r e g i o n  was p r e p a r e d  and r ev iewed  by a  

I /  Med i t e r r anean  Region,  Kuwait A c t i o n  P l a n  Region,  West and C e n t r a l  A f r i c a n  - 
Region,  Wider Car ibbean  Region,  E a s t  Asian  S e a s  Region,  South-Eas t  P a c i f i c  
Region,  Sou th  P a c i f i c  Region,  Red Sea and Gulf  o f  Aden Region,  E a s t e r n  A f r i c a n  
Region,  South-West A t l a n t i c  Region and Sou th  Asian  Region.  

2 /  UNEP: Achievements and p l anned  development  o f  UNEP's Reg iona l  S e a s  Programme - 
and comparab le  programmes s p o n s e r e d  by o t h e r  b o d i e s .  UNEP R e g i o n a l  S e a s  
R e p o r t s  and S t u d i e s  No. 1. UNEP, 1982.  



s e r i e s  o f  t e c h n i c a l  m e e t i n g s  o f  Government-nominated e x p e r t s .  I n  A p r i l  1978 a  
Reg iona l  Confe rence  o f  P l e n i p o t e n t i a r i e s  was convened i n  Kuwait f o r  t h e  p u r p o s e  o f  
r e v i e w i n g ,  r e v i s i n g  and a d o p t i n g  t h e  a c t i o n  p l a n  and r e l a t e d  l e g a l  i n s t r u m e n t s .  The 
Confe rence ,  a d o p t e d  on 23 A p r i l  1978 ,  

a )  t h e  Ac t ion  P l a n  f o r  t h e  P r o t e c t i o n  and Development o f  t h e  Mar ine  
Environment and t h e  C o a s t a l  Areas  o f  B a h r a ' n ,  I r a n ,  I r a q ,  Kuwai t ,  Oman, 

3 j  Q a t a r ,  Saud i  Arab ia  and Un i t ed  Arab Emi ra t e s , -  

( b )  t h e  Kuwait Reg iona l  Convent ion  f o r  o - o p e r a t i o n  on t h e  P r o t e c t i o n  o f  t h e  
4 5 Marine  Environment from P o l l u t i o n , -  

( c )  t h e  P r o t o c o l  Concerning Reg iona l  Co-opera t ion  i n  Corn a t i n g  P o l l u t i o n  by O i l  
49 and o t h e r  Harmful S u b s t a n c e s  i n  Cases  o f  Emergency,- 

( d )  r e s o l u t i o n s  on ( i )  i n t e r i m  s e c r e t a r i a t ,  ( i i )  f i n a n c i a l  a r r a n g e m e n t s ,  ( i i i )  
s t e p s  t o  be  t a k e n  f o r  t h e  e s t a b l i s h m e n t  o f  t h e  Mar ine  Emergency Mutual  Aid 
C e n t r e ,  and ( i v )  c o - o r d i n a t i o n  between t h e  r e g i o n a l  m a r i n e  m e t e o r o l o g i c a l  

3 / and e n v i r o n m e n t a l  programmes.- 

The A c t i o n  P l a n  h a s  s u b s e q u e n t l y  become known a s  t h e  Kuwait Ac t ion  P l a n .  

Wi th in  t h i s  Ac t ion  P l a n ,  t h e  Governments have  approved a  number of p r o j e c t s  and 
a s s i g n e d  p r i o r i t y  t o  some o f  them. The e c o l o g i c a l  s t u d y  o f  t h e  rocky  s h o r e s  on t h e  
s o u t h e r n  c o a s t  o f  Oman was one  o f  t h e s e  p r i o r i t y  p r o j e c t s .  

The s t u d y  was e n t r u s t e d  t o  t h e  I n t e r n a t i o n a l  Union f o r  t h e  C o n s e r v a t i o n  o f  
Na tu re  and N a t u r a l  Resources  (IUCN) under  t h e  g e n e r a l  s u p e r v i s i o n  o f  t h e  Reg iona l  
O r g a n i z a t i o n  f o r  t h e  P r o t e c t i o n  o f  t h e  Mar ine  Environment (ROPME) and t h e  Un i t ed  
N a t i o n s  Environment Programme (UNEP). IUCN h a s  u n d e r t a k e n  t h e  s t u d y  i n  c o - o p e r a t i o n  
w i t h  t h e  Oman a u t h o r i t i e s  ( t h e  N a t i o n a l  F o c a l  P o i n t ,  t h e  D i r e c t o r a t e  o f  F i s h e r i e s ,  
t h e  D i r e c t o r a t e  o f  Env i ronmen ta l  P r o t e c t i o n ,  and o t h e r s ) .  

The p r imary  o b j e c t i v e s  o f  t h e  s t u d y  were t o  c h a r a c t e r i z e  t h e  p l a n t  and an ima l  
communi t ies  found a t  s e l e c t e d  sites and t o  e s t i m a t e  t h e  abundance  o f  t h e  most  common 
s p e c i e s .  

T h i s  p u b l i c a t i o n  is an Abridged Repor t  on t h e  s t u d y .  The d e t a i l e d  r e p o r t  o f  
t h e  s t u d y  is c o n t a i n e d  i n  a  volume o f  which o n l y  few c o p i e s  have  been produced and 
which  a r e  a v a i l a b l e  a t  t h e  S e c r e t a r i a t  o f  ROPME, UNEP and IUCN. 

3 /  UNEP: Ac t ion  P l a n  f o r  t h e  p r o t e c t i o n  o f  t h e  m a r i n e  env i ronmen t  and t h e  c o a s t a l  - 
a r e a s  o f  B a h r a i n ,  I r a n ,  I r a q ,  Kuwait ,  Oman, Q a t a r ,  S a u d i  Arab ia  and Un i t ed  Arab 
E m i r a t e s .  UNEP Reg iona l  S e a s  R e p o r t s  and S t u d i e s  No. 35. UNEP 1983.  

4/ Kuwait  Reg iona l  Convent ion  f o r  Co-opera t ion  on t h e  P r o t e c t i o n  o f  t h e  Mar ine  - 
Environment from P o l l u t i o n  and P r o t o c o l  Concerning Co-opera t ion  i n  Combating 
P o l l u t i o n  by O i l  and O t h e r  Harmful S u b s t a n c e s  i n  Cases  o f  Emergency. UNEP 1983.  



ABRIDGED REPORT: 
A N  ECOLOGICAL STUDY OF THE R O C K Y  SHORES ON 

THE SOUTHERN COAST OF OMAN 

This  r e p o r t  d e s c r i b e s  work c a r r i e d  o u t  d u r i n g  1983 a s  p a r t  of  t h e  Regional  
O r g a n i s a t i o n  f o r  t h e  P r o t e c t i o n  of t h e  Marine Environment (ROPME) E c o l o g i c a l  
Programme o u t l i n e d  by t h e  Kuwait Act ion P lan .  The s t u d i e s  have been conducted by 
t h e  I n t e r n a t i o n a l  Union f o r  t h e  Conserva t ion  of  Nature and N a t u r a l  Resources  (IUCN) 
based i n  Gland, S w i t z e r l a n d ,  i n  c o o p e r a t i o n  w i t h  t h e  Uni ted Na t ions  Environment 
Programme (UNEP), and t h e  Counci l  f o r  t h e  Conserva t ion  of  t h e  Environment and 
P r e v e n t i o n  of P o l l u t i o n  (CCEPP) based i n  Muscat, Oman. 

The r e p o r t  d e s c r i b e s  a  s t u d y  of  t h e  l i t t o r a l  and immediate s u b l i t t o r a l  ecology 
of  Oman, wi th  s p e c i a l  a t t e n t i o n  be ing  d i r e c t e d  t o  t h e  unusua l  rocky s h o r e  
communities o c c u r r i n g  i n  t h e  S a l a l a h  r e g i o n  of  Dhofar.  Funding was a v a i l a b l e  f o r  
seven and a  h a l f  man months. The p r o j e c t  b i o l o g i s t  (Dr .  L .  B a r a t t )  s p e n t  two 
p e r i o d s  i n  Oman (February-June and September-October 1983)  and was a s s i s t e d  a t  
d i f f e r e n t  s t a g e s  by s e v e r a l  taxonomic s p e c i a l i s t s  and c o n s u l t a n t s .  

The fo l lowing  work was under taken:-  

i )  a  p r e l i m i n a r y  l i t t o r a l  zone h a b i t a t  su rvey  between Rakhyut ( 8 0  km west, 
a long t h e  c o a s t  from S a l a l a h )  and S h a r b i t h a t  ( approx imate ly  260 km e a s t ,  
a long  t h e  c o a s t  from S a l a l a h ) ;  

i i )  d e t a i l e d  q u a n t i t a t i v e  o b s e r v a t i o n s  of  t h e  i n t e r t i d a l  s u b l i t t o r a l  fauna and 
f l o r a  a t  s i x  D e t a i l e d  Study S i t e s ,  two t o  t h e  e a s t  and two t o  t h e  west o f  
S a l a l a h ,  and one each a t  Masirah I s l a n d  and Ras A 1  Hadd; 

i i i )  taxonomic s t u d i e s  and i d e n t i f i c a t i o n  of t h e  a l g a e ,  p o l y c h a e t e s ,  m o l l u s c s ,  
c r u s t a c e a  and echinoderms c o l l e c t e d  a t  t h e  d e t a i l e d  s t u d i e s  and e lsewhere .  
This  s e c t i o n  became t h e  major e lement  of  t h i s  s t u d y  because of t h e  s p e c i e s  
were p r e v i o u s l y  unknown from t h e  r e g i o n  and some a r e  new t o  s c i e n c e ;  

i v )  i n c i d e n t a l  o b s e r v a t i o n s  on o t h e r  mar ine  and c o a s t a l  f l o r a  and fauna  (e .g .  
t u r t l e s ,  marine  mammals) ; 

v)  g e n e r a l  o b s e r v a t i o n s  on any env i ronmenta l  impac t s  a p p a r e n t l y  a f f e c t i n g  t h e  
marine  and l i t t o r a l  environment .  

I n  o r d e r  t o  e x p l a i n  some of  t h e  most impor tan t  f a c t o r s  which may i n f l u e n c e  t h e  
s e a s o n s a l  d i s t r i b u t i o n  of  p l a n t s  and an imals  i n  bo th  t h e  l i t t o r a l  and s u b l i t t o r a l  
zones ,  a  b r i e f  o u t l i n e  of t h e  known p h y s i c a l  and env i ronmenta l  f a c t o r s  h a s  been 
inc luded  i n  t h e  r e p o r t .  I t  must be s t r e s s e d  t h a t  t h e r e  is no ev idence  a t  t h e  
p r e s e n t  t ime  t o  a s s o c i a t e  any of  t h e s e  f a c t o r s  wi th  s e a s o n a l  changes  o f  t h e  f l o r a  
and fauna.  

The rocky c o a s t l i n e  o f  Dhofar is p r i m a r i l y  composed o f  sed imenta ry  l i m e s t o n e s .  
These r o c k s ,  by t h e i r  ve ry  n a t u r e ,  a r e  s o f t  and e a s i l y  eroded by bo th  wave and wind 
a c t i o n ,  which t e n d s  t o  l e a d  towards  a n i m a l s  t h a t  p r e f e r  a  burrowing '  e x i s t e n c e .  A 
s m a l l  a r e a  of  c o n t r a s t i n g  rock s t r u c t u r e  h a s  been i d e n t i f i e d  around t h e  Mirbat  
p e n i n s u l a ,  where t h e  sed imenta ry  rocks  a r e  r e p l a c e d  by much h a r d e r  r o c k s ,  
metamorphic i n  c h a r a c t e r .  These ha rd  rock f o r m a t i o n s  produce many c r a c k s  and 
c r e v i c e s  i n  t h e  rock s t u c t u r e ,  g i v i n g  r i s e  t o  f l o r a  and fauna more r e a d i l y  adap ted  
t o  t h i s  k ind of  h a b i t a t .  



Of t h e  o t h e r  e n v i r o n m e n t a l  f a c t o r s  which a f f e c t  t h e  Dhofa r  c o a s t l i n e ,  t h e  most  
s i g n i f i c a n t  e f f e c t  is produced by t h e  p r e v a i l i n g  monsoon g y r e .  The summer months  
a r e  a f f e c t e d  by t h e  s o u t h - w e s t e r l y  monsoon winds  whose n e t  e f f e c t  is t o  p roduce  t h e  
c o a s t a l  u p w e l l i n g  o f f  S o u t h e r n  Oman. T h i s  u p w e l l i n g  b r i n g s  c o l d ,  n u t r i e n t  r i c h  
w a t e r  from t h e  deep  ocean  and p roduces  a  number o f  f l o r a l  and f a u n a l  communi t ies  
which  a r e  n o t  t y p i c a l  o f  t h e  Indo-West P a c i f i c  r e g i o n ,  and i n d e e d  a t  l e a s t  
one  o f  t h e s e  communi t ies  is u n i q u e  i n  i n t e r n a t i o n a l  terms. P o c k e t s  o f  maximum 
u p w e l l i n g  have  been i d e n t i f i e d  on a  p r e l i m i n a r y  b a s i s ,  and t h e s e  o c c u r  around t h e  
Sudh a r e a  and t h e  Kur i a  Muria I s l a n d s .  Tempera tu re  r e c o r d i n g s  made from t h e s e  
a r e a s  show t h a t  w a t e r  t e m p e r a t u r e s  a r e  some 5 O C  lower  t h a n  t h e  rest o f  t h e  s t u d y  
a r e a ;  t h e  r e a s o n s  f o r  t h i s  a r e  s t i l l  u n c l e a r ,  b u t  i t  is t h o u g h t  t h a t  t h e  
s u b l i t t o r a l  t opography  o f  t h e  a r e a  may b e  r e p o n s i b l e  f o r  maximis ing  t h e  u p w e l l i n g  i n  
t h e s e  v e r y  l o c a l i s e d  a r e a s .  

The low w a t e r  t e m p e r a t u r e s ,  c o u p l e d  w i t h  t h e  i n p u t  o f  n u t r i e n t s  i n t o  t h e  
sys t em,  a r e  t h o u g h t  t o  be  t h e  p r imary  f a c t o r  a f f e c t i n g  t h e  a l g a l  d i s t r i b u t i o n s  i n  
t h e  r e g i o n .  The f l u c t u a t i o n s  o f  t h e s e  p o p u l a t i o n s  on a  s e a s o n a l  b a s i s  is  one  of t h e  
most i m p o r t a n t  f a c t o r s  a f f e c t i n g  t h e  s u b s t a n t i a l  f i s h e r i e s  o f  t h e  r e g i o n .  

The h a b i t a t s  o f  t h e  r e g i o n  have  been d e s c r i b e d  on a  g r o s s  b a s i s ,  i n  o r d e r  t o  
e s t a b l i s h  t h a t  t h e  chosen  s t u d y  s i t e s  were r e p r e s e n t a t i v e  o f  t h e  g e n e r a l  a r e a .  The 
c l a s s i f i c a t i o n  o f  t h e  mar ine  h a b i t a t s  were d e s c r i b e d  u s i n g  one  o f  two p o s s i b l e  
c r i t e r i a :  

The c l a s s i f i c a t i o n  of c r i t i c a l  mar ine  h a b i t a t s  c a n  be  d e f i n e d  i n  t h e  f o l l o w i n g  
manner: c r i t i c a l  h a b i t a t s  a r e  i d e n t i f i a b l e  a r e a s  which a r e  v i t a l  t o  t h e  
s u r v i v a l  o f  a  s p e c i e s  a t  some phase  o f  i ts  l i f e  c y c l e ,  o r  t o  t h e  s u r v i v a l  o f  a  
community, b e c a u s e  o f  t h e  e c o l o g i c a l  p r o c e s s e s  which o c c u r  w i t h i n  i t  (IUCN, 
1 9 7 6 ) .  C r i t i c a l  mar ine  h a b i t a t s  i n c l u d e  f e e d i n g ,  n e s t i n g ,  b r e e d i n g  o r  n u r s e r y  
a r e a s  o f  m a r i n e  a n i m a l s ;  o r  major  s o u r c e s  o f  food o r  n u t r i e n t s  f o r  f e e d i n g  
a r e a s  e l s e w h e r e  ( e . g .  mangroves ) ;  o r  a r e a s  t h a t  a r e  p a r t i c u l a r l y  r i c h  i n  
s p e c i e s  ( e - g .  c o r a l  r e e f s ) ;  o r  h i g h l y  p r o d u c t i v e  a r e a s  ( e . g .  s e a g r a s s  b e d s ) ;  o r  
a r e a s  o f  s p e c i a l  s c i e n t i f i c  i n t e r e s t .  

2 )  The c o a s t a l  sys t em can  b e  f u r t h e r  c l a s s i f i e d  a c c o r d i n g  t o  h a b i t a t ,  and t h i s  
scheme c a n  b e  used t o  d e s i g n a t e  s p e c i f i c  c h a r a c t e r i s t i c s  o f  r e s e r v e s  (Ray,  
1 9 7 5 ) .  The s o u t h e r n  c o a s t  o f  Oman undoub ted ly  f a l l s  i n t o  t h e  c o a s t a l  
envi ronment  c l a s s i f i e d  a s  "exposed" ,  w i t h  b o t h  c a l c a r e o u s  and non-ca lca reous  
rocky s u b s t r a t e s ,  and u n c o n s o l i d a t e d  s u b s t r a t e s  o f  low o r g a n i c  c o n t e n t .  

I n  many o t h e r  a r e a s  o f  t h e  wor ld  t h e  c o a s t a l  a s s o c i a t e d  and o f f s h o r e  
env i ronmen t s  a r e  h i g h l y  p r o d u c t i v e .  Oman is no e x c e p t i o n ,  b u t  is p r o d u c t i v e  i n  a 
markedly  d i f f e r e n t  way from t h e  rest o f  t h e  Indo-West p a c i f i c  p r o v i n c e ,  w i t h  t h e  
p o s s i b l e  e x c e p t i o n  o f  t h e  Somal i  c o a s t .  I n  most  t r o p i c a l  e n v i r o n m e n t s ,  s e a g r a s s  
b e d s ,  mangroves and c o r a l  r e e f s  form t h e  b a s i s  o f  e n e r g y  p r o d u c t i o n ,  and a r e  o f  h i g h  
economic and s o c i a l  v a l u e ,  and c r e a t e  a  f o c a l  p o i n t  f o r  t h e  w i l d l i f e  o f  t h e  r e g i o n .  
I n  Sou the rn  Oman t h i s  r o l e  is performed by p l a n k t o n i c  and b e n t h i c  a l g a l  r e s o u r c e s  
which a r e  a  consequence  o f  t h e  a n n u a l  u p w e l l i n g .  

The l i t t o r a l  zone  h a b i t a t s  p r e s e n t  i n  t h e  S a l a l a h  a r e a  i n c l u d e  rocky s h o r e ,  
l o n g  wide sandy b e a c h e s ,  c o a s t a l  c l i f f s ,  some o f  which a r e  v i s u a l l y  i m p r e s s i v e  and 
o f  c o n s i d e r a b l e  l a n d s c a p e  v a l u e .  The most  d i v e r s e  f a u n a  were found on t h e  b o u l d e r  
and c o b b l e  b e a c h e s ,  and were seeming ly  u n a f f e c t e d  by s e a s o n a l  changes .  D i v e r s i t y ,  
t h e n ,  g e n e r a l l y  d e c r e a s e d  from t h e  rocky s h o r e s  t o  t h e  sandy b e a c h e s  t o  t h e  khawrs 
and mangroves w i t h  t h e  l e a s t  d i v e r s e  communi t ies  b e i n g  found on t h e  rocky s h o r e s ,  
b u t  t h e s e  were undoub ted ly  o f  a  s e a s o n a l  n a t u r e .  



I., 

The l i m i t e d  number of  khawrs, most of  which c o n t a i n  e c o l o g i c a l l y  v a l u a b l e  
mangrove o r  reed bed v e g e t a t i o n  were recorded  i n  a s s o c i a t i o n  with  t h e  sandy beaches .  
These a r e a s  r e p r e s e n t  an i m p o r t a n t ,  i f  l i m i t e d  c o a s t a l  we t land ,  and a l t h o u g h  they  
may no t  be s i g n i f i c a n t  i n  r e l a t i o n  t o  t h e  marine  environment ;  they  a r e ,  accord ing  t o  
Ga l lagher  and Woodcock (1980) ,  of  e x c e p t i o n a l  o r n i t h o l o g i c a l  i n t e r e s t .  In  view of 
t h e  c o n s i d e r a b l e  d e s t r u c t i o n  of mangroves i n  o t h e r  p a r t s  of t h e  r e g i o n  (Sheppard,  
1983) i t  was noted t h a t  t h e  mangroves of Southern Oman a r e  a t  p r e s e n t  under l i t t l e  
t h r e a t  from development.  Air borne p o l l u t a n t s  a r e  of minimal impact ,  and have only 
been d e t e c t e d  west of  S a l a l a h  a t  l o c a t i o n s  1 .3 .2  and 3 .  

The d e t a i l e d  s t u d y  s i t e s  were chosen by one of  two c r i t e r i a :  e i t h e r  because 
t h e y  c o i n c i d e d  with  t h e  proposed p o l l u t i o n  moni to r ing  s i t e s  t o  be e s t a b l i s h e d  by t h e  
CCEPP, o r  because they  were of  s p e c i a l  b i o l o g i c a l  importance.  S ix  s t u d y  a r e a s  were 
chosen i n  a l l ,  f o u r  i n  t h e  Dhofar a r e a ,  and one each a t  Masirah and Ras a 1  Hadd. 
These were: 

i )  

i i )  

i i i )  

i v )  

v  1 

v i )  

Muqhsavl. A sed imenta ry  rocky s h o r e  t o  t h e  west of  S a l a l a h  (16Â°52'201' 
53O46'15"E). T h i s  is probab ly  t h e  l e a s t  d i s t u r b e d  of  t h e  a c c e s s i b l e  rocky 
s h o r e s  i n  t h e  wes te rn  r e g i o n .  The i n t e r t i d a l  f l a t s  a r e  mainly c o l o n i s e d  by a  
t h i c k  a l g a l  t u r f  which s u p p o r t s  a  number of g r a z i n g  organisms such a s  g r a p s i d  
c r a b s ,  e c h i n o i d s  and gas t ropod  mol luscs .  

Raysut.  The s i t e  was chosen t o  cor respond  wi th  t h e  p o l l u t i o n  moni to r ing  
programme i n s t i t u t e d  by t h e  CCEPP. There were s e v e r a l  p o s s i b l e  s o u r c e s  o f  
environmental  impact  a l t h o u g h  few d e l e t e r i o u s  e f f e c t s  cou ld  be d e t e c t e d  on t h e  
s h o r e  i t s e l f  which l a y  t o  t h e  west of  t h e  p o r t  (16O55'40"E 53O46'15"E). 

Mirbat .  Of t h e  two s i t e s  t o  t h e  e a s t  of  S a l a l a h ,  Mirbat  had t h e  h i g h e r  
p o p u l a t i o n  d e n s i t y  and e x t e n s i v e  c o n s t r u c t i o n  work was be ing  c a r r i e d  o u t  i n  t h e  
v i c i n i t y  o f  t h e  town which l a y  some 2 km t o  t h e  n o r t h  of  t h e  s i t e  (16O58'20"N 
54041'40t1E).  The s u b s t r a t e  was composed o f  low l y i n g  metamorphic rock .  - 
9. The town of Sudh was a l s o  undergoing some f a i r l y  e x t e n s i v e  c o n s t r u c t i o n  
work, b u t  t h i s  was u n l i k e l y  t o  a f f e c t  t h e  s i t e  which was some 5  km t o  t h e  
nor th -eas t  (17Â°04'151' 55O06"E). Th i s  a r e a  r e p r e s e n t e d  t h e  e p i c e n t r e  o f  
d i s t r i b u t i o n s  of  bo th  t h e  k e l p  p l a n t  Ecklonia  r a d i a t a  and t h e  aba lone  H a l i o t i s  
mar iae  and a s  such  was t h e  most i n t e r e s t i n g  b i o l o g i c a l l y .  

9. On t h e  e a s t e r n  f a c i n g  s h o r e s  of  Masirah I s l a n d  and ex t remely  exposed a t  
t h e  headland (20Â°2 '201'N 58O47 '501'E). Topograph ica l ly ,  t h e  a r e a  is very  
s i m i l a r  t o  Mirba t ,  t h e  immediate f o r e s h o r e  b e i n g  composed of  low l y i n g  
metamorphic rocks .  

Ras a 1  Hadd. The a r e a  was chosen f o r  s t u d y  because  of  i t s  s u s c e p t a b i l i t y  t o  
i n t e r m i t t e n t  o i l  s p i l l s  due t o  i t s  l o c a t i o n  on t h e  n o r t h - e a s t e r n  t i p  o f  Oman 
(2Z031'30"N 5 9 0 4 5 ' 4 0 " ~ ) .  A d i f f e r e n t  t y p e  o f  rock  s t r u c t u r e  was found h e r e  - 
sed imenta ry  s a n d s t o n e s ;  d e s p i t e  t h i s  t h e  communities were r e m i n i s c e n t  o f  t h o s e  
found on t h e  sed imenta ry  s h o r e s  i n  t h e  S a l a l a h  r e g i o n .  Some ev idence  of  t h e  
e f f e c t s  of  p r e v i o u s  o i l  p o l l u t i o n  were noted bu t  i t  is n o t  p o s s i b l e  t o  q u a n t i f y  
t h e s e  r e s u l t s  s i n c e  t h e r e  is no e x i s t i n g  knowledge abou t  t h e  a r e a  f o r  
comparat ive  purposes .  

The work a t  t h e  D e t a i l e d  Study S i t e s  i n  t h e  S a l a l a h  r e g i o n  h a s  shown t h a t  t h e  
rocky s h o r e s  of  Dhofar s u p p o r t  a  unique assemblage of  f l o r a  and fauna .  The 
i n f l u e n c e  of t h e  south-west monsoon winds d u r i n g  t h e  summer months c r e a t e s  major 
changes  i n  environmental  c o n d i t i o n s  i n  both  t h e  i n t e r t i d a l  and s u b t i d a l  zones;  t h e s e  
occur  l a r g e l y  a s  a  r e s u l t  of t h e  upwel l ing of c o l d  n u t r i e n t - r i c h  wa te r .  The s t u d y  



h a s  a l s o  shown t h a t  t h e  an ima l  p o p u l a t i o n s  o f  b o t h  t h e  i n t e r t i d a l  and s u b t i d a l  
r e g i o n s  a r e  e q u a l l y  d i v e r s e ,  and i t  is a p p a r e n t  t h a t  s e v e r a l  v e r y  complex ecosys t ems  
a r e  i n  o p e r a t i o n .  Some s e a s o n a l  d i f f e r e n c e s  i n  d i s t r i b u t i o n ,  and s p e c i e s  
c o m p o s i t i o n ,  have been o b s e r v e d ,  b u t  a s  y e t  t h e  i n t e r r e l a t i o n s h i p s  be tween t h e  
community members must  r ema in  a  t o p i c  f o r  f u r t h e r  r e s e a r c h .  

S e v e r a l  g r o s s  changes  i n  t h e  c o m p o s i t i o n  o f  f l o r a l  and f a u n a l  p o p u l a t i o n s  c o u l d  
b e  obse rved  d u r i n g  t h e  y e a r .  One ma jo r  t r e n d  was t h e  a p p e a r a n c e  o f  a  l u x u r i a n t  
a l g a l  t u r f .  The c o m p o s i t i o n  o f  t h e  t u r f  was f a i r l y  un i fo rm a t  a l l  t h e  s i t e s  ( w i t h  
t h e  e x c e p t i o n  o f  M i r b a t ) ,  and t h e  common s h o r e  s p e c i e s  o f  u, Endarachne,  
P t e r o s i p h o n i a ,  S u h r i a  and one  u n i d e n t i f i e d  s p e c i e s  were u n i v e r s a l l y  e n c o u n t e r e d .  I t  
is n o t  p o s s i b l e  t o  comment on  whe the r  t h e s e  s p e c i e s  a r e  p r e s e n t  t h r o u g h o u t  t h e  y e a r ,  
e x i s t i n g  i n  t h e  t u r f  i n  a  h e a v i l y  g r a z e d  form,  o r  whe the r  t h e y  a r e  o p p o r t u n i s t i c  
s p e c i e s  p r e s e n t  o n l y  d u r i n g  t h e  post-monsoon p e r i o d .  

Some l o c a l  v a r i a t i o n  i n  p e r c e n t a g e  c o v e r  o f  c e r t a i n  s p e c i e s  was a l s o  o b s e r v e d .  
I n  many p l a c e s  a l g a l  c o v e r  was loo%,  and e x t e n d e d  well i n t o  t h e  s p l a s h  zone ,  e n a b l e d  
t o  grow i n  t h i s  p o s i t i o n  p u r e l y  a s  a  consequence  o f  t h e  ex t r eme  wave a c t i o n  d u r i n g  
t h e  monsoon. The dominance o f  t h e  e x t r e m e  upper  s h o r e  a l g a e  was s h o r t  l i v e d ,  t h r e e  
weeks a f t e r  t h e  monsoon e f f e c t  had a b a i t e d  much o f  t h e  s h o r e  a l g a e  had become s u n  
b l e a c h e d  and was c o n t r i b u t i n g  s i g n i f i c a n t l y  t o  t h e  d e t r i t a l  m a t e r i a l  p r e s e n t  i n  t h e  
immedia te  o f f s h o r e  w a t e r s .  C e r t a i n  changes  i n  s p e c i e s  c o m p o s i t i o n  c o u l d  b e  o b s e r v e d  
where e x p o s u r e  f a c t o r s  c o u l d  be  p a r t i a l l y  a s s e s s e d .  T h i s  e x c e p t i o n a l  growth 
r e p r e s e n t s  a  r emarkab le  amount o f  p r o d u c t i o n  i n  a  v e r y  l i m i t e d  amount o f  time, and 
is o b v i o u s l y  i n f l u e n c e d  by a  r a n g e  o f  e n v i r o n m e n t a l  f a c t o r s .  

Some s i g n i f i c a n t  d i f f e r e n c e s  i n  f a u n a l  d i s t r i b u t i o n s  c o u l d  a l s o  b e  obse rved  on 
a  g r o s s  b a s i s .  Two ma jo r  changes  o c c u r r e d  on t h e  s e d i m e n t a r y  rocky  p l a t f o r m s .  
Dur ing  t h e  pre-monsoon p e r i o d ,  f a i r l y  h i g h  d e n s i t i e s  o f  t h e  s e a  u r c h i n s ,  Echinometra  
m a t h a e i  and Stomopneustes  v a r i o l a r i s  had been r e c o r d e d .  These  were ma in ly  found i n  
deep  r o c k  p o o l s  o r  c r e v i c e  unde rhangs  on t h e  s e d i m e n t a r y  p l a t f o r m s .  On e x a m i n a t i o n  
o f  t h e s e  same s h o r e s  i n  t h e  post-monsoon p e r i o d ,  t h e  e c h i n o i d  p o p u l a t i o n s  had 
l a r g e l y  d i s a p p e a r e d ,  and o n l y  t h e  burrowing u r c h i n  E c h i n o s t r e p h u s  m o l a r i s  remained.  

On t h e  s e d i m e n t a r y  p l a t e a u  a t  Raysu t ,  e x t e n s i v e  a r e a s  o f  musse l  b e d s  had 
deve loped  i n  a s s o c i a t i o n  w i t h  t h e  a l g a e .  These  m u s s e l s ,  Pe rna  p i c t u s ,  had 
p r e v i o u s l y  been r e c o r d e d  a t  t h i s  s i t e  i n  t h e  mid and lower  s h o r e  z o n e s ,  b u t  o n l y  i n  
v e r y  s m a l l  numbers w i t h  a t  mos t ,  s i x  o r  s e v e n  i n d i v i d u a l s  i n  any one  g r o u p .  In  
Phase  11, t h e y  a p p e a r e d  t o  be  l o c a l l y  a b u n d a n t ,  r e a c h i n g  100% c o v e r  i n  some p l a c e s .  
I t  is assumed t h a t  t h e  m u s s e l s  s e t t l e  on t h e  s h o r e  d u r i n g  t h e  e x t r e m e  c o n d i t i o n s  
imposed by t h e  monsoon, b e c a u s e  a t  t h i s  time t h e y  would b e  f r e e  from p r e d a t i o n  by 
f i s h  and ech inode rms .  However, it would b e  i n t e r e s t i n g  t o  see i f  t h i s  is y e t  
a n o t h e r  annua l  c y c l e ,  o r  mere ly  an o p p o r t u n i s t i c  e v e n t .  

S i m i l a r  s e a s o n a l c h a n g e s  c o u l d  b e  obse rved  i n  t h e  f l o r a l  and f a u n a l  c o m p o s i t i o n  
o f  t h e  s u b l i t t o r a l  zone .  I n  g e n e r a l ,  t h e  s e d i m e n t a r y  s i t e s  o f  Raysut  and Mughsay 
showed l i t t l e  change i n  community s t r u c t u r e  on a  g r o s s  b a s i s .  The a l g a l  t u r f  was 
l a r g e l y  dominated  by f i n e  f i l a m e n t o u s  a l g a e ,  bound by s a n d  p a r t i c l e s ,  and o c c a s i o n a l  
f o l i a c e o u s  r e d s  e . g . ,  Hypoqlossum s p . ,  down t o  a  maximum s u r v e y  d e p t h  o f  1 6  m .  

The s u b l i t t o r a l  f l o r a  o f  t h e  Sudh r e g i o n  is u n i q u e  i n  a  number o f  ways. The 
major  components o f  t h i s  zone  a r e  l a r g e  brown ( F u c a l e a n )  a l g a e ,  which a r e  
p redominan te ly  r e p r e s e n t e d  by two s p e c i e s  w i t h  d i s t i n c t l y  d i f f e r e n t  d i s t r i b u t i o n  
p a t t e r n s .  One s p e c i e s ,  common i n  t h e  s h a l l o w  s u b l i t t o r a l  zone ,  fo rms  d e n s e  b e d s  i n  
a s s o c i a t i o n  wi th  s e v e r a l  Sarqassum s p p . ;  its i d e n t i f i c a t i o n  is  s t i l l  unknown and may 



r e p r e s e n t  n o t  on ly  a  new s p e c i e s  b u t  a  new genus  o f  a l g a e .  The s e c o n d  s p e c i e s ,  which 
domina te s  t h e  deepe r  s u b l i t t o r a l ,  is a  t r u e  "ke lp"  s p e c i e s ,  E c k l o n i a  r a d i a t a ,  and 
h a s  h i t h e r t o  been r e p o r t e d  o n l y  from New Zea land ,  A u s t r a l i a  and s o u t h e r n  A f r i c a ,  
t h i s  be ing  t h e  f i r s t  r e c o r d  from t h e  n o r t h e r n  hemisphe re .  The a s s o c i a t e d  u n d e r f l o r a  
is d e n s e  and d i v e r s e ,  compr i s ing  a  r e m a r k a b l e  90+ s p e c i e s  t o  d a t e ,  t h e  v i s u a l l y  
dominant s p e c i e s  b e i n g  t h e  erect c o r a l l i n e  a l g a e ,  Amphiroa a n c e p s .  I t  must  b e  
remembered t h a t  t h e  p r e s e n t  s t u d y  was l i m i t e d  i n  b o t h  time and l o c a l i t y  and i n  a l l  
p r o b a b i l i t y  a  much h i g h e r  d i v e r s i t y  e x i s t s  i n  r e a l i t y .  However, p e r h a p s  t h e  most  

1 i n t e r e s t i n g  f e a t u r e  o f  t h e  Sudh k e l p  f o r e s t  is its s e a s o n a l i t y .  In  a l l  upwe l l ing -  
i nduced  k e l p  e c o s y s t e m s  known from o t h e r  p a r t s  o f  t h e  w o r l d ,  t h e  p l a n t s  c a n  be  found 
t h r o u g h o u t  t h e  y e a r .  The u n i q u e n e s s  o f  t h e  Dhofar  sys t em l i e s  i n  i ts  t o t a l  a n n u a l  

L d e c l i n e  and r e c o v e r y  w i t h  t h e  l i f e  c y c l e s  o f  t h e  r e l e v a n t  s p e c i e s  b e i n g  comple t ed  i n  
a  time span  o f  o n l y  s i x  months .  

The changes  i n  t h e  f a u n a l  p o p u l a t i o n s  were much more d i f f i c u l t  t o  a s s e s s  due  t o  
t h e  a l g a l  dominance;  however ,  an  a s s o c i a t e d  p o p u l a t i o n  o f  f i l t e r  f e e d i n g  o r g a n i s m s ,  
s u c h  a s  sponges  and t u n i c a t e s  were p r e s e n t  and had n o t  p r e v i o u s l y  been r e c o r d e d .  
The a b a l o n e  p o p u l a t i o n s  showed a  marked i n c r e a s e  i n  t h e  s h a l l o w  s u b l i t t o r a l  zone  a t  
most o f  t h e  s i t e s  v i s i t e d .  T h i s  t e n d s  t o  s u p p o r t  t h e  t h e o r y  o f  m i g r a t i o n  i n t o  t h e  
a r e a  p o s s i b l y  from d e e p e r  w a t e r ,  o r  a  growth r a t e  t h a t  is e q u a l l y  a s  s p e c t a c u l a r  a s  
t h a t  of  t h e  a l g a e .  S e v e r a l  changes  were n o t e d  i n  t h e  c o m p o s i t i o n  o f  t h e  f i s h  
p o p u l a t i o n s  a l t h o u g h  t h e s e  were n o t  r e c o r d e d  q u a n t i t a t i v e l y .  

The main r e p o r t  c o n t a i n s  d e t a i l e d  q u a l i t a t i v e  a s s e s s m e n t s  o f  t h e  ma jo r  
taxonomic  g r o u p i n g s  found i n  Dhofa r ,  some o f  t h e  f i n d i n g s  a r e  summarised b r i e f l y  
below: 

i )  A L G A E . .  . . 
The p r e s e n c e  o f  a  number o f  warm t e m p e r a t e  e l e m e n t s  w i t h i n  t h e  n o r t h e r n  I n d i a n  
Ocean, an  a r e a  which is n o r m a l l y  c h a r a c t e r i s e d  by t r o p i c a l  and s u b - t r o p i c a l  
s p e c i e s .  a 

The p r e s e n c e  o f  t h e  k e l p  E c k l o n i a  r a d i a t a  i n  t h e  s u b l i t t o r a l  o f f  t h e  Mi rba t  
p l a n  is  o f  s i g n i f i c a n c e  i n  wor ld  terms, b e i n g  t h e  o n l y  r e c o r d e d  l o c a t i o n  
o u t s i d e  A u s t r a l i a ,  N e w  Zea land  and South  A f r i c a  f o r  t h i s  s p e c i e s .  The 
u n d e r f  l o r a  a s s o c i a t e d  w i t h  E c k l o n i a  is a l s o  o f  g r e a t  i n t e r e s t .  

A l g a l  d i v e r s i t y  i n  some h a b i t a t s  ( r o c k  p l a t f o r m s ,  E c k l o n i a  community) is 
p a r t i c u l a r l y  h i g h .  The E c k l o n i a  community is o u t s t a n d i n g  f o r  d i v e r s i t y  o f  
Rhodophyta,  and o b v i o u s l y  many more s p e c i e s  r ema in  u n r e c o r d e d .  Over 200 
s p e c i e s  were r e c o r d e d  f o r  t h e  s u r v e y  a r e a .  

The Dhofar  a r e a  c o n t a i n s  b i o g e o g r a p h i c a l  b o u n d a r i e s  s e p a r a t i n g  d i s t i n c t  f l o r a s .  

The g r o s s  changes  i n  m a c r o a l g a l  b iomass ,  pre-  and post-monsoon, c o n t r i b u t e  
s i g n i f i c a n t l y  t o  t h e  t o t a l  e n e r g y  budge t  o f  t h e  a r e a .  

I t  must b e  emphasized  t h a t  t h e  c o n s e r v a t i o n  v a l u e  o f  t h e  a r e a  is h i g h ,  w i t h  ( o n  
t h e  b a s i s  of p r e l i m i n a r y  r e s u l t s )  a  un ique  and p o s s i b l y  v e r y  l o c a l i s e d  
community d e v e l o p i n g  a s  t h e  r e s u l t  o f  c o l d  w a t e r  u p w e l l i n g s  a f t e r  t h e  monsoons. 
Of i n t r i n s i c  i n t e r e s t  on p u r e l y  s c i e n t i f i c  g r o u n d s  is t h e  E c k l o n i a  community, 
a p p a r e n t l y  un ique  i n  t h e  n o r t h e r n  hemisphe re .  



i i )  CORALS. ... 
These a r e  a  d e p a u p e r a t e  non r e e f  fo rming  a s semblage  of common widesp read  
I n d o - P a c i f i c  s p e c i e s .  

The c o r a l s  a r e  l i m i t e d  by t h e  c o l d  w a t e r s  o f  t h e  s e a s o n a l  u p w e l l i n g ,  and 
l u x u r i a n t  a l g a l  growth p r e v e n t s  s e t t l e m e n t  o f  t h e  l a r v a e .  

They a p p e a r  l a r g e l y  a s  e n c r u s t i n g  f o r m a t i o n s  - an o b v i o u s  a d a p t a t i o n  t o  
e n v i r o n m e n t a l  stress. Branch ing  fo rms  a r e  p o o r l y  r e p r e s e n t e d .  

A compar ison o f  t h e  c o r a l s  o f  t h e  I n n e r  Gulf  o f  t h e  Kuwait A c t i o n  P l a n  Region,  
Hong Kong and S o u t h e r n  Oman, r e v e a l s  r emarkab ly  s i m i l a r  g e n e r a .  

i i i )  MOLLUSCA.. . . 
The l i t t o r a l  f r i n g e  c o n t a i n s  t h r e e  commonly r e p r e s e n t e d  s p e c i e s ,  M o d i l i t t o r i n a  
p y r a m i d a l i s ,  N o d i l i t t o r i n a  n a t a l e n s i s  and L i t t o r i n a  k r a u s s i .  

The most dominant m o l l u s c  o f  t h e  e u l i t t o r a l  zone  was t h e  g r e g a r i o u s  o y s t e r  
S a c c o s t r e a  c u c u l l a t a  which ,  t o g e t h e r  w i t h  T e t r a c l i t a  and o t h e r  b a r n a c l e s ,  fo rms  
a  c o n s p i c u o u s  b e l t .  

Herb ivo rous  g r a z i n g  g a s t r o p o d s  a r e  t h e  most dominant t r o p h i c  c a t e g o r y  o f  t h e  
e u l i t t o r a l  m o l l u s c s  and ,  o f  t h e s e ,  l i m p e t s  a r e  by f a r  t h e  most  abundan t .  

The s e v e r a l  s p e c i e s  o f  N e r i t i d a e  a r e  t h e  most  common o f  t h e  o t h e r  g r a z i n g  
g a s t r o p o d  m o l l u s c s .  

P r e d a t o r y  g a s t r o p o d s  a r e  r e p r e s e n t e d  by t h r e e  s p e c i e s  from t h e  Mur ic idae .  

I n  t h e  lower  i n t e r t i d a l  the mol luscan  f a u n a s  a r e  more d i v e r s e  b u t  i n d i v i d u a l  
s p e c i e s  a r e  less abundan t .  

A number o f  s h a l l o w  s u b l i t t o r a l  s p e c i e s  H a l i o t i s  m a r i a e ,  T r o c h i t a ,  new s p e c i e s ,  
Turbo,  new s p e c i e s  and E r q a l a t a x  c o n t r a c t a ,  a p p e a r  t o  b e  r e s t r i c t e d  i n  
d i s t r i b u t i o n  t o  t h e  Mirbat-Sudh a r e a .  

i v )  CRUSTACEA.. .. 
The commonest c r u s t a c e a n s  on t h e  b o u l d e r  b e a c h e s  w i t h  l i t t l e  m a c r o a l g a l  c o v e r  
t e n d  t o  be  s m a l l  x a n t h i d s .  

Bedrock s h o r e s  w i t h  a  more e x t e n s i v e  a l g a l  c o v e r  t e n d  t o  f a v o u r  t h e  l a r g e  
q r a p s i d  c r a b s  Grapsus  a l b o l i n e a t u s ,  and t h e  c r e v i c e  d w e l l i n g  E r i p h i a  s e b a n a  - 
s m i t h i i ,  may b e  common l o c a l l y .  

S p e c i e s  a s s o c i a t e d  w i t h  t h e  a l g a l  p o p u l a t i o n s  have  been found o n l y  i n  t h e  
post-monsoon phase  e . g . ,  Dehaan ius  s c u t e l l a t u s .  

A 

The number o f  s p e c i e s  h a s  i n c r e a s e d  from 70 t o  110 between t h e  p re -  and 
post-monsoon p e r i o d s  r e s p e c t i v e l y .  

The s p e c i e s  found conform t o  t h e  e x p e c t e d  s i t u a t i o n  o f  h igh  d i v e r s i t y  and low 
endemism. 



v)  ECHINODERMS.... 

The abundance and d i s t r i b u t i o n  of e c h i n o i d s  is d r a m a t i c a l l y  a l t e r e d  between t h e  
pre- and post-monsoon phases .  

Three s p e c i e s  of  u r c h i n  appear  t o  be f a i r l y  u b i q u i t o u s  th roughout  t h e  reg ion  i n  
t h e  pre-monsoon phase;  a l l  o f  t h e s e  a r e  common Indo-West P a c i f i c  s p e c i e s .  

The echinoderm l ist  f o r  Southern Oman i n d i c a t e s  t h a t  i t  is f a i r l y  t y p i c a l  f o r  
t h e  f a u n a l  p rov ince  a s  a  whole. 

Of t h e  s p e c i e s  p r e s e n t ,  35% were new r e c o r d s  f o r  t h e  Arabian Sea. 

The Mirbat  p e n i n s u l a  c l e a r l y  h a s  a  more d i v e r s e  %echinoderm fauna than  t h e  
r e g i o n  t o  t h e  west of  S a l a l a h .  

I t  can be seen  from t h e  above i n f o r m a t i o n  t h a t  t h e  d i v e r s i t y  of  bo th  t h e  
l i t t o r a l  and s u b l i t t o r a l  zones is a n o t h e r  very i n t e r e s t i n g  f e a t u r e  of t h e  o v e r a l l  
eco logy  of t h e  a r e a .  Although o n l y  a  r e l a t i v e l y  s h o r t  t ime  h a s  been s p e n t  su rvey ing  
t h e  a r e a ,  and t h e  f l o r a l  and f a u n a l  lists must o f  n e c e s s i t y  remain incomple te  f o r  
t h e  moment, a  p r e l i m i n a r y  breakdown r e v e a l s  over  200 s p e c i e s  of  a l g a e ,  over  200 
s p e c i e s  of mol lusc  and over  120 s p e c i e s  o f  c r u s t a c e a n .  Th i s  magni tude of  d i v e r s i t y  
is l i k e l y  t o  be  f a r  g r e a t e r  than any t empera te  wa te r  k e l p  dominated system,  and 
a l t h o u g h  no f i g u r e s  a r e  a v a i l a b l e ,  i t  is l i k e l y  t o  be comparable w i t h ,  i f  n o t  
g r e a t e r  t h a n ,  o t h e r  upwel l ing  induced a l g a l  sys tems.  Some groups  a r e  obv ious ly  n o t  
s o  w e l l  r e p r e s e n t e d .  The c o r a l s  f o r  example, a r e  s u r v i v i n g  on t h e  v e r y  limits of  
t h e i r  environmental  t o l e r a n c e s ;  n e v e r t h e l e s s ,  t h e r e  a r e  17 genera  recorded  s o  f a r .  
I t  is d i f f i c u l t  t o  g i v e  r e a s o n s  f o r  t h e  r e l a t i v e  p a u c i t y  o f  t h e  echinoderm group 
(Ve l imi rov ,  e t  a l . ,  1977) .  I t  must a l s o  be remembered t h a t  t h e  m a j o r i t y  of 
c o l l e c t i o n s  have been made on ly  on rocky s h o r e s ,  and a s  y e t ,  o t h e r  s u b s t r a t e s  remain 
unsurveyed. 

The abundant a l g a l  r e s o u r c e s  i n  Southern Oman a r e  l a r g e l y  r e s p o n s i b l e ,  e i t h e r  
d i r e c t l y  o r  i n d i r e c t l y ,  f o r  t h e  e x t e n s i v e  f i s h e r i e s  i n  t h e  r e g i o n ,  i . e . ,  f i n ,  
a b a l o n e  and c r a y f i s h .  

There is l i t t l e  d e t a i l e d  i n f o r m a t i o n  on t h e  ecology o f  t h e  aba lone  i n  t h e  a r e a .  
I t s  l i m i t e d  d i s t r i b u t i o n  is c l o s e l y  l i n k e d  t o  t h e  s i m i l a r l y  l i m i t e d  d i s t r i b u t i o n  of  
t h e  k e l p ,  which may well c o n s t i t u t e  a  major food s o u r c e  of  t h e  aba lone .  However, i t  
is  known from o t h e r  aba lone  p o p u l a t i o n s  t h a t  a  f e e d i n g  p r e f e r e n c e  towards  c e r t a i n  
t y p e s  of a l g a e  is shown. In  g e n e r a l ,  g r e e n  a l g a e  a r e  p r e f e r r e d  t o  r e d s ,  and r e d s  
a r e  p r e f e r r e d  t o  browns. Th i s  be ing  t h e  c a s e ,  a s s o c i a t i o n  of  aba lone  beds  w i t h  k e l p  
f o r e s t s  may w e l l  be c o i n c i d e n t a l  s i n c e  t h e  u n d e r s t o r y  f l o r a  of c o r a l l i n e  r e d s  is  
a l s o  known t o  be n e c e s s a r y  f o r  t h e  s e t t l e m e n t  of  j u v e n i l e  aba lone .  The e x t e n s i v e  
c o r a l l i n e  u n d e r s t o r y  i n  t h e  Sudh r e g i o n  is i d e a l  f o r  such  s e t t l e m e n t  and may be  one 
of  t h e  most impor tan t  f a c t o r s  govern ing  r e c r u i t m e n t  t o  t h e  p o p u l a t i o n ,  and community 
d i s t i b u t i o n .  I n  a d d i t i o n  t h i s  s p e c i e s  a l s o  shows a  marked h a b i t a t  p r e f e r e n c e ,  
r e t r e a t i n g  i n t o  underhangs,  c r a c k s  and c r e v i c e s ,  s o  t h a t  t h e  s u b l i t t o r a l  topography 
of  t h e  metamorphic rocky a r e a  p r o v i d e s  a  more s u i t a b l e  h a b i t a t .  

A programme of r e s e a r c h  on H a l i o t i s  mar iae  would r e q u i r e  s e a s o n a l ,  q u a n t i t a t i v e  
sampling wi th  mark-recapture  t a g g i n g  exper iments  t o  de te rmine  growth r a t e s  and 
p o p u l a t i o n  d e n s i t i e s .  Seasona l  gonadal  samples would a l s o  be r e q u i r e d  t o  de te rmine  
r e p r o d u c t i v e  c y c l e s ,  and g u t  samples  t o  de te rmine  d i e t .  



Spiny l o b s t e r s  a r e  omnivorous f e e d e r s ,  e a t i n g  a lmost  any animal  m a t e r i a l  they  
can scavenge o r  c a p t u r e ,  and o c c a s i o n a l l y  i n g e s t i n g  seaweeds (Chace and Dumont, 
1949) .  I t  seems l i k e l y ,  t h e r e f o r e ,  t h a t  t h e  abundant a l g a l  r e s o u r c e s  o f  Dhofar 
c o n s t i t u t e  a  major food supp ly  f o r  t h e  s p i n y  l o b s t e r ,  and may p a r t i a l l y  e x p l a i n  t h e  
obvious  s u c c e s s  o f  t h i s  organism i n  t h e  r e g i o n .  I t  is  recommended t h a t  a  thorough 
s t u d y  of t h e  f e e d i n g  h a b i t s  of  t h i s  s p e c i e s  be under taken  t o  a s s e s s  t h e  r e l a t i v e  
importance o f  d i f f e r e n t  food organisms.  

Presumably where c o n d i t i o n s  a r e  f a v o r a b l e ,  age and s i z e  a t  m a t u r i t y  w i l l  be 
cor responding ly  a d j u s t e d .  George (1968) ,  i n  a  su rvey  of  P a n u r i l u s  s p e c i e s  of  Western 
A u s t r a l i a ,  i n f e r s  t h a t  j u v e n i l e s  r e q u i r e  t u r b i d  w a t e r s  f o r  op t imal  development and 
t h a t  t h e  a d u l t s  r e q u i r e  c o o l e r ,  c l e a r e r  wa te r s .  I t  would seem, t h e r e f o r e ,  t h a t  t h e  
upwel l ing r e g i o n  of  t h e  s o u t h - e a s t  c o a s t  of  Arabia has  op t imal  c o n d i t i o n s  f o r  s p i n y  
l o b s t e r  development and r e p r o d u c t i o n .  

L i t t l e  impact on t h e  marine  environment was no ted  d u r i n g  t h e  s t u d y .  However, 
t h e  p r i n c i p a l  c o n s t r u c t i o n  work t h a t  may have a f f e c t e d  t h e  marine  environment of  t h e  
a r e a  h a s  been t h e  b u i l d i n g  of t h e  p o r t  of Mina Raysut.  The s u b l i t t o r a l  a r e a  t o  t h e  
e a s t  of  t h e  p o r t  was used a s  a  dumping ground f o r  was te  m a t e r i a l s .  Although t h e  
i n c r e a s e d  s e d i m e n t a t i o n  r e s u l t i n g  from such dumping and i n f i l l i n g  is u s u a l l y  very 
damaging t o  marine l i f e ,  i n  t h i s  c a s e  t h e  a r t i f i c i a l  r e e f s  t h a t  have formed have 
a p p a r e n t l y  been c o l o n i s e d  by t h e  l a r g e  s c a l l o p  Chlamys townsendi .  These s c a l l o p s  
have a  r a p i d  r a t e  of growth and i t  is p o s s i b l e  t h a t  t h i s  s p e c i e s  might p rove  
s u i t a b l e  f o r  s c a l l o p  farming a t  t h i s  and o t h e r  s i t e s .  Also,  t h e r e  is no c l e a r  
ev idence  from our  d a t a  from t h e  D e t a i l e d  Study S i t e  a t  Raysut t h a t  t h i s  s h o r e ,  
l o c a t e d  on t h e  f a r  s i d e  of  t h e  headland t o  t h e  west of  t h e  p o r t ,  h a s  been a f f e c t e d  
by t h e  c o n s t r u c t i o n  of  t h e  p o r t .  However, t h e  p r e v a i l i n g  c u r r e n t s  a r e  from t h e  
south-west s o  t h a t  silt and was te  g e n e r a t e d  by t h e  c o n s t r u c t i o n  work would normal ly  
have been c a r r i e d  a long  t h e  s h o r e  t o  t h e  e a s t ,  bu t  no o p p o r t u n i t y  h a s  a r i s e n  t o  
examine t h e  s u b l i t t o r a l  zone i n  t h i s  a r e a .  

- Although l i t t l e  impact on t h e  marine  environment was r e c o r d e d ,  damage t o  t h e  
e q u a l l y  remarkab le  and u n u s u a l l y  p r o d u c t i v e  t e r r e s t r i a l  f l o r a  was more e v i d e n t ,  
emphasiz ing t h e  need t o  i n s t i t u t e  a  management p o l i c y  des igned  t o  p r o t e c t  t h e  
renewable  r e s o u r c e s  and l andscape  and r e c r e a t i o n a l  v a l u e  of  t h e  whole c o a s t a l  zone. 
I n  p a r t i c u l a r ,  i t  is recommended t h a t  a  c o a s t a l  zoning scheme shou ld  be e s t a b l i s h e d ,  
a s s i g n i n g  d i f f e r e n t  u s e s  t o  d i f f e r e n t  s e c t i o n s  of  t h e  c o a s t .  

A p r a c t i c a l  approach t o  t h i s  problem is t o  deve lop  a  s u i t a b l e  c o a s t a l  zoning 
scheme i n v o l v i n g  t h e  r e c o g n i t i o n  of  a t  l e a s t  f o u r  c l a s s e s  o f  zoning.  

( a )  S e c t i o n s  o f  t h e  c o a s t  o f  o u t s t a n d i n g  f i s h e r i e s ,  s c i e n t i f i c ,  s c e n i c  o r  
r e c r e a t i o n a l  v a l u e .  I t  is s u g g e s t e d  t h a t  t h e s e  shou ld  be e s t a b l i s h e d  a s  
n a t i o n a l  o r  marine  p a r k s  o r  r e s e r v e s ,  f o l l o w i n g  IUCN g u i d e l i n e s  and c r i t e r i a .  

(b )  S e c t i o n s  of  t h e  c o a s t  of  above average  v a l u e  from t h e  p o i n t  of  view o f  
renewable r e s o u r c e s ,  l andscape  and r e c r e a t i o n  where any r e s i d e n t i a l  o r  
commercial development s h o u l d  normal ly  be p r o h i b i t e d .  

( c )  S e c t i o n s  o f  t h e  c o a s t  of  moderate  v a l u e  from t h e  p o i n t  o f  view of  renewable  
r e s o u r c e s  e t c . ,  where mainly  r e s i d e n t i a l  developments may be p e r m i t t e d  b u t  on ly  
under s u i t a b l e  environmental  g u i d e l i n e s  f o l l o w i n g  c a r e f u l  s t u d i e s  of  p o t e n t i a l  
impacts  t o  t h e  environment .  



( d )  S e c t i o n s  o f  t h e  c o a s t  o f  l i m i t e d  v a l u e  from t h e  p o i n t  o f  view o f  r enewab le  
r e s o u r c e s  e tc . ,  w i t h i n  which i n d u s t r i a l  and commerica l  deve lopmen t s  t end  t o  b e  
c o n c e n t r a t e d  a l t h o u g h ,  even  h e r e ,  s u i t a b l e  e n v i r o n m e n t a l  p r o t e c t i o n  r e g u l a t i o n s  
s h o u l d  a p p l y  i n  o r d e r  t o  p r e v e n t  s u c h  i m p a c t s  from s p r e a d i n g  t o  o t h e r  zones .  

Areas  c o n t a i n i n g  r enewab le  r e s o u r c e s  o f  k e l p ,  f i s h ,  c r a y f i s h ,  v e g e t a t i o n  o r  
g r a z i n g  l a n d  s h o u l d  b e  p r o t e c t e d  from damage by development  o r  p o l l u t i o n ,  a s  s h o u l d  
s c e n i c  a r e a s  o f  r e c r e a t i o n a l  and s o c i a l  v a l u e .  

Because  t h e  c o a s t a l  zone o f  Dhofar  encompasses  a  v a r i e t y  o f  h a b i t a t s ,  and is 
s u b j e c t e d  t o  a  most  o f  u n u s u a l  set o f  e n v i r o n m e n t a l  c o n d i t o n s  which p roduce  a  un ique  
a s semblage  o f  p l a n t s  and a n i m a l s ,  i t  is an  a r e a  which is c o n s i d e r e d  t o  b e  wor thy o f  
~ r e a t e r  s c i e n t i f i c  a s  w e l l  a s  c o n s e r v a t i o n  e f f o r t s .  A p p r o p r i a t e  r e s e a r c h  may b e  
c o n s i d e r e d  under  t h r e e  h e a d i n g s :  

1. S p e c i e s  D i s t r i b u t i o n  ....... Much o f  t h e  p r e s e n t  work h a s  f a l l e n  i n t o  t h i s  
c a t e g o r y  and o b v i o u s  e x t e n s i o n s  t o  t h i s  a r e  i n  t h e  f u r t h e r  i d e n t i f i c a t i o n  o f  
s p e c i e s ,  t h e  i n v e s t i g a t i o n  o f  more s i t e s  e s p e c i a l l y  w i t h i n  t h e  Sudh a r e a ,  and 
t o  d i v e r s i f y i n g  t h e  s t u d y  i n t o  o t h e r  h a b i t a t s ,  i . e . ,  s a n d ,  b o u l d e r  and mud. 

2 .  Envi ronmen ta l  F a c t o r s .  .... F a c t o r s  such  a s  t e m p e r a t u r e ,  l i g h t ,  t u r b i d i t y ,  
n u t r i e n t s ,  s a l i n i t y ,  w a t e r  movements and e x p o s u r e  must be  m o n i t o r e d  i n  o r d e r  t o  
i d e n t i f y  t h e  t r i g g e r  mechanisms i n v o l v e d  i n  s w i t c h i n g  on s e a s o n a l  growth 
p a t t e r n s  and t h o s e  which gove rn  d i s t r i b u t i o n .  

3. E c o l o g i c a l  I n t e r a c t i o n s . . . . T h e  b iomass  and p r imary  p r o d u c t i o n  o f  b o t h  t h e  
b e n t h i c  and p l a n k t o n i c  components o f  t h e  a l g a l  s y s t e m s  shoul-d b e  s t u d i e d  
t o g e t h e r  w i t h  t h e  b iomass  o f  t h e  p r i m a r y ,  s e c o n d a r y ,  e t c .  consumers .  I n  t h i s  
way e n e r g y  t r a n s f e r  and key t r a n s f e r  r o u t e s  c a n  b e  a s s e s s e d  w i t h  a  v iew t o  
i s o l a t i n g  t h e  dominant components o f  t h e  sys t em.  Resource  p a r t i t i o n i n g  w i t h i n  
t h e s e  dominant  components may w e l l  p r o v i d e  v a l u a b l e  i n f o r m a t i o n  f o r  t h e  
management o f  p o t e n t i a l l y  economic r e s o u r c e s ,  e .g .  ' aba lone  v e r s u s  s e a  u r c h i n s .  

I n  c o n c l u s i o n ,  t h e  i n t e r t i d a l  and s u b l i t t o r a l  rocky  s h o r e  communi t ies  o f  t h e  
r e g i o n  a r e  o f  c o n s i d e r a b l e  s c i e n t i f i c  i n t e r e s t .  I n  a d d i t i o n  t o  t h i s ,  t h e  a l g a l  
communi t ies  a r e  known t o  b e  h i g h l y  p r o d u c t i v e ,  s u p p l y i n g  c o v e r  and food f o r  
commerc ia l ly  i m p o r t a n t  s p e c i e s  i n c l u d i n g  c r a y f i s h ,  a b a l o n e  and many d e m e r s a l  f i s h .  
Consequen t ly  i t  is c o n s i d e r e d  t h a t  t h e r e  is need t o  s t u d y  t h i s  h a b i t a t  f u r t h e r  and 
e s t a b l i s h  management g u i d e l i n e s  f o r  e n s u r i n g  its p r o t e c t i o n .  
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