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PREFACE 

The Un i ted  Nat ions Conference. on the  Human Environment (Stockholm, 5-16 June 
1972) adopted the  Act ion  Plan f o r  t he  Human Environment, i n c l u d i n g  t h e  General 
P r i n c i p l e s  f o r  Assessment and Con t ro l  o f  Marine P o l l u t i o n .  I n  t he  l i g h t  o f  t h e  
r e s u l t s  o f  the  Stockholm Conference, t he  Un i ted  Nat ions General Assembly decided t o  
e s t a b l i s h  the  Un i ted  Nat ions Environment Programme (UNEP) t o  "serve as a f o c a l  p o i n t  
f o r  environmental a c t i o n  and co-ord ina t ion  w i t h i n  t h e  Un i ted  Nat ions system" 
(General Assembly r e s o l u t i o n  ( X X V I I )  of 15 December 1972). The o rgan iza t i ons  o f  t he  
Un i ted  Nat ions system were i n v i t e d  " t o  adopt the  measures t h a t  may be requ i red  t o  
undertake concerted and co-ordinated programmes w i t h  regard  t o  i n t e r n a t i o n a l  
environmental problems", and - t he  " intergovernmental  and non-governmental 
o rgan iza t i ons  t h a t  have an i n t e r e s t  i n  t he  f i e l d  o f  the environment" were a l so  
i n v i t e d  " t o  lend t h e i r  f u l l  support  and c o l l a b o r a t i o n  t o  t h e  Un i ted  Nat ions w i t h  a  
view t o  ach iev ing  the  l a r g e s t  p o s s i b l e  degree o f  co-operat ion and co-ord ina t ion" .  
Subsequently, t h e  Governing Counc i l  o f  UNEP chose "Oceans" as one o f  the  p r i o r i t y  
areas i n  which i t  would focus e f f o r t s  t o  f u l f i l  i t s  c a t a l y t i c  and co-ord ina t ing  
r o l e .  - 

The Regional Seas Programme was i n i t i a t e d  by UNEP i n  1974. Since then t h e  
Governing Counc i l  o f  UNEP has repeated ly  endorsed a r e g i o n a l  approach t o  the  c o n t r o l  
of marine p o l l u t i o n  and the  management o f  marine and c o a s t a l  resources and has 
requested the  development o f  r e g i o n a l  a c t i o n  p lans.  

The Regional Seas Programme a t  p resent  i nc ludes  e leven reg ions  and. has over 
120 coas ta l  S ta tes  p a r t i c i p a t i n g  i n  i t .  I t  i s  conceived as an ac t ion-or ien ted 
programme having concern n o t  o n l y  f o r  t h e  consequences b u t  a l so  f o r  t he  causes o f  
envi ronmental  problems through the  management o f  marine and c o a s t a l  areas. Each 
r e g i o n a l  a c t i o n  p lan  i s  formulated according t o  t he  needs o f  t he  r e g i o n  as perce ived 
by t h e  Governments concerned. I t  i s  designed t o  l i n k  assessment o f  t he  q u a l i t y  o f  
t h e  marine environment and the  causes o f  i t s  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 e n t  o f  r e g i o n a l  l e g a l  agreements and o f  ac t ion-or ien ted 
programme a c t i v i t i e  

Dur ing  i t s  f o u r t h  session i n  1976 the  Governing Counc i l  of UNEP approved the  
prepara tory  work f o r  convening a Regional Conference on the  P r o t e c t i o n  o f  t he  Marine 
and Coasta l  Environment o f  Bahrain, I r a n ,  I raq ,  Kuwait, Oman, Qatar, Saudi Arab ia  
and the  Un i ted  Arab Emirates. Subsequently, on t h e  b a s i s  o f  a f a c t - f i n d i n g  miss ion  
sponsered by UNEP and supported by seve ra l  Un i ted  Nat ions agencies, a d r a f t  a c t i o n  
p l a n  dea l i ng  w i t h  t he  s c e i n t i f i c  and socio-economic aspects f o r  t h e  p r o t e c t i o n  and 
development o f  t he  marine environment o f  t he  r e g i o n  was prepared and reviewed by a 
s e r i e s  of t e c h n i c a l  meetings o f  Government-nominated experts.  I n  A p r i l  1978 a 
Regional  Conference 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  the  purpose 

I/ Mediterranean Region, Kuwait Ac t i on  Plan Region, West and Cen t ra l  A f r i c a n  - 
Region, Wider Caribbean Region, East  Asian Seas Region, South-East P a c i f i c  ' 

Region, South P a c i f i c  Region, Red Sea and G u l f  of Aden Region, Eastern Af r ican 
Region, South-West A t l a n t i c  Region and South Asian Region. 

2/  UNEP: Achievements and planned development o f  UNEP's Regional Seas Programme - 
and comparable programmes sponsered by o the r  bodies. UNEP Regional  Seas Reports 
and Studies No. 1. UNEP, 1982. 



of 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 ,  adop ted  on 23 A p r i l  1978,  

a )  t h e  Act ion P lan  f u r  t h e  P r o t e c t i o n  and Development o f  t h e  Marine 
Environment and t h e  C o a s t a l  Areas  o f  B a h r a i n ,  Jean ,  I r a q ,  Kuwait ,  Oman, 
Q a t a r ,  Saudi  Arab ia  and Uni ted Arab E m i r a t e s ,  - 

( b )  t h e  Kuwait Req iona l  Convent ion f o r  - o p e r a t i o n  on t h e  P r o t e c t i o n  of  t h e  Â£ 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-operat 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, - 
( d l  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  Marine 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  mar ine  m e t e o r o l o g i c a l  
and e n v i r o n m e n t a l  programmes ?'. 

The Act ion  P lan  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 lan .  

Wi th in  t h i s  Ac t ion  P l a n ,  t h e  Governments have approved a number o f  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 of  them. The e c o l o g i c a l  s t u d y  o f  s i t e s  on t h e  c o a s t  o f  
B a h r a i n  was one of 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  C o n s e r v a t i o n  o f  Na ture  
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 i n z a t i o n  f o r  t e  P r o t e c t i o n  of  t h e  Marine Environment programme (ROPME) and t h e  
Uni ted  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  
co-opera t ion  w i t h  t h e  Bahra in  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  of  Environmental  P r o t e c t i o n ,  and o t h e r s )  . 

The main o b j e c t i v e  of  t h e  p r o j e c t  was t o  i n i t i a t e  an e c o l o g i c a l  s t u d y  o f  t h e  
i n t e r t i d a l  and s u b t i d a l  b i o t a  a t  s e l e c t e d  s i t e s  around B a h r a i n ,  w i t h  s p e c i a l  
r e f e r e n c e  t o  t h e  sh r imp f i s h e r y  and t h e  Saudi-Bahrain  causeway under  c o n s t r u c t i o n .  
The s t u d y  h a s  i n v o l v e d  q u a n t i t a t i v e  sampl ing  of t h e  f a u n a  and f l o r a ,  and of  s e l e c t e d  
oceanograph ic  f a c t o r s  a t  12  s t a t i o n s  c o v e r i n g  t h r e e  s i tes  around t h e  n o r t h e r n  h a l f  
o f  Bahra in .  

This p u b l i c a t i o n  is an Abridged Report  on t h e  s t u d y .  The d e t a i l e d  r e p o r t  is 
c o n t a i n e d  i n  a volume of  which o n l y  a few c o p i e s  have  been p roduce  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, I U C N  and UNEP. 

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  mar ine  environment  and t h e  c o a s t a l  - 
a r e a s  of B a h r a i n ,  I r a n ,  I r a q ,  Kuwait ,  Oman, Q a t a r ,  Saud i  Arab ia  and Uni ted Arab 
E m i r a t e s .  UNEP Regiona l  S e a s  Repor t s  and S t u d i e s  No. 35. UNEP 1983.  

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



ABRIDGED REPORT: 
A N  E C O L O G I C A L  STUDY OF SITES O N  

THE COAST OF B A H R A I N  

The p r e s e n t  p r o j e c t  h a s  been c a r r i e d  o u t  a s  p a r t  of  t h e  1982/83 programme o f  
i n v e s t i g a t i o n  of  t h e  Regional  O r g a n i z a t i o n  f o r  P r o t e c t i o n  of  t h e  Marine Environment 
(ROPME) i n t o  t h e  mar ine  environment  o f  t h e  Kuwait Act ion P lan  (KAP) Region.  The 
s t u d y  h a s  been under taken  w i t h i n  t h e  framework o f  t h e  Uni ted Na t ions  Envi ronmenta l  
Programme (UNEP) by two c o n s u l t a n t s  (Dr .  A . R . G .  P r i c e  and Mr. D.H.P. Vousden) of  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) from 
t h e  T r o p i c a l  Marine Research Uni t  (TMRU) a t  t h e  U n i v e r s i t y  of  York, Uni ted  Kingdom. 
The work was c a r r i e d  o u t  i n  c l o s e  co-opera t ion  w i t h ,  and w i t h  a s s i s t a n c e  f rom,  t h e  
D i r e c t o r a t e  of  Environmental  P r o t e c t i o n . o f  t h e  M i n i s t r y  o f  H e a l t h ,  B a h r a i n .  

The main o b j e c t i v e  was t o  i n i t i a t e  an e c o l o g i c a l  s t u d y  o f  t h e  i n t e r t i d a l  and 
s u b t i d a l  b i o t a  a t  s e l e c t e d  s i t e s  around B a h r a i n ,  w i t h  s p e c i a l  r e f e r e n c e  t o  t h e  
sh r imp f i s h e r y  and t h e  Saudi-Bahrain Causeway c u r r e n t l y  under  c o n s t r u c t i o n .  R e s u l t s  
from oceanoqraph ic  and b i o l o g i c a l  sampl ing  a t  s i x  c o a s t a l  and s i x  o f f s h o r e  s i tes  
around Bahra in  form t h e  b a s i s  o f  t h i s  s t u d y .  The sites s e l e c t e d  on t h e  e a s t  c o a s t  
a r e  l o c a t e d  a t  Askar (N and 5 )  and on t h e  west c o a s t  a t  t h e  Causeway (N and 5) 
( i . e . ,  on t h e  n o r t h  and s o u t h  s i d e s  o f  t h e  causeway r e s p e c t i v e l y )  and a t  Z a l l a q  (N 
and S ) .  A d d i t i o n a l  s c i e n t i f i c  o b s e r v a t i o n s  and c o l l e c t i o n s  ( e . g . ,  o f  c r i t i c a l  
m a r i n e  h a b i t a t s ,  an imal  c o u n t s ,  p o l l u t i o n ,  e t c . )  were made a t  a  number of o t h e r  
l o c a l i t i e s ,  i n c l u d i n g  t h e  Hawar I s l a n d s  and t h e  c o r a l  r e e f s  on t h e  e a s t  s i d e  o f  
Bahra in .  

The d e t a i l e d  r e s u l t s  o b t a i n e d  from t h e  oceanoqraph ic  and b i o l o g i c a l  su rvey  a r e  
summarised below, f o l l o w i n g  a  rev iew o f  a v a i l a b l e  i n f o r m a t i o n  on c r i t i c a l  mar ine  
h a b i t a t s  and s p e c i e s  o f  economic, s c i e n t i f i c  and c u l t u r a l  impor tance .  

In  t h e  c o a s t a l  p r o v i n c e  of  Bahra in ,  and i n  t h e  Gulf a s  a  whole ,  t h r e e  major  
c r i t i c a l  mar ine  h a b i t a t s  a r e  r e c o g n i s e d  - mangroves,  s e a g r a s s  b e d s  and c o r a l  r e e f s .  
Mangroves i n  t h e  ROPME s e a  a r e a  a r e  r e p r e s e n t e d  by a  s i n g l e  s p e c i e s ,  Avicenn ia  
mar ina ,  though i n  Bahra in  t h e r e  a r e  now few mangroves l e f t .  The l a s t  known s t a n d  o f  
mangrove of any s i g n i f i c a n c e  can be found n e a r  Sanad. T h i s  a r e a  d i s p l a y s  t h e  
t y p i c a l  h i g h  p r o d u c t i v i t y  a s s o c i a t e d  w i t h  m ngrove  communit ies  w i t h ,  f o r  example,  -$ c o n c e n t r a t i o n s  o f  m o l l u s c s  g r e a t e r  t h a n  500 m . 

Because o f  t h e  p h y s i c a l  c o n d i t i o n s  p r e v a i l i n g  i n  t h e  G u l f ,  c o r a l  r e e f s  a r e  n o t  
a s  wide ly  d i s t r i b u t e d  a s  i n  many t r o p i c a l  s e a s ,  and t h e  growth and d i v e r s i t y  o f  
c o r a l s  is n o t  a s  g r e a t  ( s e e  Basson e t  a l .  1 9 7 7 ) .  Although t h e  v a r i e t y  o f  c o r a l s  is 
h i g h e r  than  p r e v i o u s l y  supposed,  o n l y  24 g e n e r a - o f  he rmatyp ic  s c l e r a c t i n i a n s  have 
been recorded  from t h e  ROPME s e a  a r e d  (Burchard ,  1 9 7 9 ) ,  compared w i t h  36 and 55 i n  
s o u t h - e a s t  Arab ia  and t h e  Red Sea r e s p e c t i v e l y  (Rosen,  1 9 7 1 ) .  However, I n n e r  Gulf 
c o r a l  r e e f s  a r e  o f  p a r t i c u l a r  i n t e r e s t  t o  s c i e n t i s t s  b e c a u s e  t h e y  manage t o  e x i s t  i n  
an environment  o f  h i g h  s a l i n i t i e s  and wide t e m p e r a t u r e  v a r i a t i o n  n e a r  t h e  l i m i t  o f  
t h e i r  t o l e r a n c e .  They a l s o  p r o v i d e  r e e f  e c o l o g i s t s  w i t h  an o p p o r t u n i t y  t o  s t u d y  an 
o t h e r w i s e  h i g h l y  complex community i n  a  r e l a t i v e l y  s i m p l e  form. I n  a d d i t i o n ,  t h e  
reefs i n  t h e  Gulf a r e  of c o n s i d e r a b l e  economic and s o c i a l  s i g n i f i c a n c e .  

A l l  t h r e e  s p e c i e s  o f  s e a g r a s s  known f o r  t h e  Gulf o c c u r  around Bahra in :  
Ha lodu le  u n i n e r v i s ,  H a l o p h i l a  o v a l i s ,  and H a l o p h i l a  s t i ~ u l a c e a .  These s e a g r a s s e s  
a r e  well-known f o r  t h e i r  e u r y t h e r m a l  and e u r y h a l i n e  n a t u r e ,  b u t  H .  u n i n e r v i s  is 
probab ly  t h e  commonest l o c a l l y .  S e a g r a s s e s  p r o v i d e  a  food s o u r c e  f o r  many m a r i n e  
a n i m a l s .  T u r t l e s  and duqonq f e e d  d i r e c t l y  on t h e  growing p l a n t ,  a s  do some f i s h ,  
n o t a b l y  r a b b i t f i s h  ( S i q a n u s  s p p . ) .  Also a s s o c i a t e d  w i t h  s e a g r a s s  a r e  many a n i m a l s  



b e s i d e  t h o s e  t h a t  f e e d  on i t ,  i n c l u d i n g  s p e c i e s  of  economic and c u l t u r a l  impor tance  
such  a s  t h e  commerical sh r imp (Penaeus  s e m i s u l c a t u s ) ,  and p e a r l  o y s t e r s  ( P i n c t a d a  
s p p . )  which r e l y  on s e a g r a s s  f o r  l a r v a l  s e t t l e m e n t  and growth.  Around Bahra in  
s e a g r a s s e s  p l a y  a  key r o l e  i n  m a i n t a i n i n g  t h e  p r o d u c t i v i t y  o f  l o c a l  f i s h e r i e s ,  and 
t h e  mapping and c o n s e r v a t i o n  of  t h e  s e a g r a s s  b e d s  must be c o n s i d e r e d  of  paramount 
impor tance  . 

A t  t h e  p r e s e n t  t i m e ,  c r i t i c a l  mar ine  h a b i t a t s ,  e s p e c i a l l y  mangroves and t h e  
i n t e r t i d a l  f l a t s  w i t h  which t h e y  a r e  a s s o c i a t e d ,  a r e  b e i n g  degraded  o r  a r e  a c t u a l l y  
d i s a p p e a r i n g  a s  a  r e s u l t  o f  c o a s t a l  i n - f i l l i n g  and o t h e r  a c t i v i t i e s  a s s o c i a t e d  w i t h  
B a h r a i n ' s  i n d u s t r i a l  development programme. The s t a t u s  o f  c o r a l  r e e f s  and s e a g r a s s  
b e d s  is a l s o  p r e c a r i o u s  i n  c e r t a i n  a r e a s .  Other  renewable  n a t u r a l  r e s o u r c e s  of  
s p e c i a l  v a l u e  around Bahra in  i n c l u d e  c e r t a i n  a d d i t i o n a l  c r i t i c a l  m a r i n e  h a b i t a t s  
e . g .  i n t e r t i d a l  and s h a l l o w  s u b t i d a l  sand-mud f l a t s ) p .  a s  well a s  o rgan i sms  such  a s  
p e a r l  o y s t e r s ,  t u r t l e s ,  b i r d s ,  wha les  and d o l p h i n s ,  p r o b a b l y  dugong and a l s o  v a r i o u s  
endemic s p e c i e s .  The f i s h e r i e s  a r e  c o n s i d e r e d  s e p a r a t e l y  below. 

The oceanograph ic  s u r v e y  i n c l u d e d  measurements  of  w a t e r  t e m p e r a t u r e ,  s a l i n i t y ,  
t u r b i d i t y  ( suspended  p a r t i c u l a t e  m a t t e r ,  s e d i m e n t a t i o n  and s e c c i  d i s c  r e a d i n g s ) ,  
c h l o r o p h y l l  and zoop lank ton  abundance. Large s e a s o n a l  v a r i a t i o n  i n  w a t e r  
t e m p e r a t u r e  was r e c o r d e d  a t  b o t h  t h e  c o a s t a l  (14-35OC) and o f f s h o r e  s i t e s  (13-31Â°C) 
t h e  r a n g e  b e i n g  g r e a t e r  t h a n  i n  comparable  l a t i t u d e s  e l s e w h e r e  because  t h e  Gulf is 
s h a l l o w  and a lmos t  l a n d l o c k e d .  I n  p a r t i c u l a r ,  t h e  l i m i t e d  d e p t h  o f  t h e  Gulf r e s u l t s  
i n  a  r e l a t i v e l y  s m a l l  t h e r m a l  c a p a c i t y ,  a l l o w i n g  w a t e r  t e m p e r a t u r e  t o  t r a c k  a i r  
t e m p e r a t u r e  much more c l o s e l y  t h a n  o c c u r s  i n  open ocean a r e a s .  Extremes i n  
t e m p e r a t u r e  ( h i g h  and low) have a l s o  been r e p o r t e d  i n  o t h e r  p a r t s  o f  t h e  Gulf 
(Enomoto, 1971;  Basson e t  a l . ,  1977; P r i c e ,  l 9 7 9 ) ,  and t h i s  undoubted ly  limits t h e  
number of  s p e c i e s  t h a t  c a n  s u r v i v e  i n  t h e  a r e a .  

S a l i n i t i e s  a t  t h e  s t u d y  s i tes  were a lways  h i g h ,  b u t  were a p p r o x i m a t e l y  1 0 Â ° / o  
g r e a t e r  a t  t h e  west c o a s t  s i t e s  (means 50-57Â°/00 t h a n  a t  t h e  e a s t  c o a s t  s i tes  means 
43-45Â°/00)  T h i s  is p a r t l y  a  r e s u l t  of  t h e  g e o g r a p h i c  p o s i t i o n  o f  Bahra in  w i t h  o n l y  
a  s h a l l o w ,  r e l a t i v e l y  narrow s t r e t c h  o f  w a t e r  s e p a r a t i n g  t h e  west c o a s t  from t h e  
Arabian main land .  Also o f  s i g n i f i c a n c e  is t h e  complex p a t t e r n  of  wa te r  c i r c u l a t i o n  
i n  t h e  r e g i o n  of  t h e  G u l f ,  and t h e  e f f e c t s  o f  a l a r g e ,  a l m o s t  s t a t i o n a r y  and h i g h l y  
s a l i n e  body of  w a t e r  known a s  Dawhat Salwah l y i n g  t o  t h e  south-west  o f  t h e  Bahra in  
A r c h i p e l a g o .  Spot  s a l i n i t y  measurements  ( c o a s t a l  and o f f h o r e )  were a l s o  t a k e n  
around much of Bahra in ,  and showed t h a t  s a l i n i t y  g e n e r a l l y  i n c r e a s e s  from n o r t h  t o  
s o u t h  on bo th  t h e  e a s t  and west c o a s t s  and t h a t  s a l i n i t y  i s  h i g h e r  on t h e  west t h a n  
on t h e  e a s t  c o a s t .  I n  t h e  immediate  v i c i n i t y  o f  t h e  causeway between Umm Na 'san and 
B a h r a i n ,  s a l i n i t i e s  were g r e a t e r  on t h e  s o u t h  s i d e  o f  t h e  causeway (57-59Â°/00 
t h a n  on t h e  n o r t h  s i d e  (48-50Â°/00)  T h i s  a p p e a r s  t o  have had some impac t  on t h e  
fauna  and f l o r a ,  bu t  o n l y  i n  t h e  immediate  a r e a .  

S e c c i  d i s c  r e a d i n g s  and measurements o f  suspended p a r t i c u l a t e  m a t t e r  (spm) made 
a t  t h e  o f f s h o r e  s i t e s  s u g g e s t  t h a t  t h e  w a t e r  is more t u r b i d  a t  t h e  Causeway ( N )  s i t e  
t h a n  a t  t h e  o t h e r  sites on t h e  west c o a s t ,  a c c o r d i n g  well w i t h  v i s u a l  o b s e r v a t i o n s .  
S e c c i  d i s c  r e s u l t s  a l s o  i n d i c a t e  a  p r o g r e s s i v e  d e c r e a s e  i n  w a t e r  t u r b i d i t y  (3.0-7.4 
m)  from Causeway ( N )  down t h e  c o a s t  t o  Z a l l a q  ( 5 ) .  The p a t t e r n  is b e l i e v e d  t o  be a  
r e f l e c t i o n  o f  t h e  e x t e n s i v e  d r e d g i n g  o p e r a t i o n s  t h a t  have t a k e n  p l a c e  around t h e  
n o r t h  o f  t h e  causeway. On t h e  e a s t  c o a s t ,  b o t h  secci d i s c  r e a d i n g s  and measurements 
o f  spm show t h a t ,  f o r  example,  a t  Askar ( N )  t u r b i d i t y  is v a r i a b l e ,  b u t  o f t e n  v e r y  
h i g h .  Again,  f r e q u e n t  l a r g e - s c a l e  d r e d g i n g  t o  t h e  n o r t h  o f  Askar i s  t h e  p r o b a b l e  
c a u s e .  Data  from s e d i m e n t a t i o n  t r a p s  a r e  d i f f i c u l t  t o  i n t e r p r e t  (Mann, 19821,  
p a r t i c u l a r l y  s i n c e ,  d u r i n g  t h e  p r e s e n t  s t u d y ,  t h e  t r a p s  c o u l d  n o t  be l e f t  down f o r  
t h e  same p e r i o d  of  t i m e  f o r  l o g i s t i c a l  r e a s o n s .  N e v e r t h e l e s s ,  v e r y  h i g h  
s e d i m e n t a t i o n  ( 5 . 9  m l  m^hr -') was r e c o r d e d  a t  b o t h  Askar s i t e s ,  though l i t t l e  was 
r e c o r d e d  on t h e  west c o a s t  (0.13-0.52 m l  m -  h r  ) . 



The o v e r a l l  p i c t u r e  obta ined i s  t h a t  t u r b i d i t y  i s  r e l a t i v e l y  h i g h  a t  t h e  
Causeway (N) and Askar (N) areas, p r i n c i p a l l y  as a  r e s u l t  of dredging. The adverse 
e f f e c t s  o f  dredging and h i g h  t u r b i d i t y  on b i o l o g i c a l  communities are  w e l l  documented 
and are f u r t h e r  discussed below. 

Measurements o f  c h l o r o p h y l l  i n  seawater samples c o l l e c t e d  around Bahrain 
suggest t h a t  p lank ton i c  pr imary p r o d u c t i v i t y  i s  low, agreeing w i t h  r e s u l t s  obta ined 
around Bahrain p r i o r  t o  c o n s t r u c t i o n  o f  t he  causeway (unpubl 'shed data) .  Values -3 
obta ined du r ing  t h i s  s tudy ranged from 0.49-1.28 mg m and i t  appears t h a t  
phytoplankton l e v e l s  may be h igher  on t h e  eas t  coast  than on t h e  west coast ,  an 
e f f e c t  which might  be expected i n  view o f  t he  s a l i n i t y  d i f f e r e n c e  between t h e  two 
s ides  o f  the i s l and .  Dur ing the present  i n v e s t i g a t i o n  c h l o r o p h y l l  concent ra t ions  
were a lso  measured f o r  ben th i c  microalgae on i n t e r t i d a l  sediments. The r e s u l t s  
suggest t h a t  ben th i c  pr imary p r o d u c t i v i t y  i s  o f  much g rea te r  importance than 
p r o d u c t i v i t y  i n ' t h e  water column by phytoplankton i n  shal low c o a s t a l  areas. Th is  i s  
discussed i n  more d e t a i l  below. 

Zooplankton abundance (secondary p r o d u c t i v i t y )  was low d u r i n g  the i n v e s t i g a t i o n  
(0.0056-0.1819 m l  m e ) ,  r e f l e c t i n g  the  low c h l o r o p h y l l  l e v e l s  recorded i n  t h e  water 
column (pr imary  p r o d u c t i v i t y ) .  These va lues  a re  lower than those recorded nearby i n  
Saudi Arabia (P r i ce ,  1979; 1982b1, l a r g e l y  as a  r e s u l t  o f  the  h igher  s a l i n i t i e s  
p r e v a i l i n g  around Bahrain. Equa l ly ,  around Bahrain, h ighes t  values were recorded on 
t h e  east  coast  (Askar s i t e s ) ,  and on the  west coast  t he  mean zooplankton abundance 
was h igher  a t  Causeway (N) than a t  Causeway ( 5 ) ;  these r e s u l t s  con f i rm  an i nve rse  
r e l a t i o n s h i p  between p lank ton i c  p r o d u c t i v i t y  and s a l i n i t y .  

B i o l o g i c a l  s tud ies  revealed the  presence o f  a  r i c h  ep iben th i c  (sur face) fauna 
on the  i n t e r t i d a l  f l a t s  a t  Askar (N) and Causeway (N) i n  p a r t i c u l a r ,  and a l so  t o  a  
l e s s e r  ex ten t  on t h e  lower  i n t e r t i d a l  a t  Askar ( 5 ) .  Conspicuous elements o f  the  
sur face fauna inc luded bo th  a l g a l  feeders (e.g., c e r i t h i d  gastropods) and va r i ous  
scavengGrs or  p redators  such as crabs (Macrophthalmus de~ressus ,  P- 
and even octopus and sea snakes ( H y d r o ~ h i s  c y a n o c i n c t u s / ~ ) ,  as w e l l  as 
numerous b i r d s .  The r i c h  i n t e r t i d a l  fauna i s  a t t r i b u t e d  l a r g e l y  t o  t h e  h i g h  
p r o d u c t i v i t y  o f  ben th i c  a lgae - p r i n c i p a l l y  diatoms, blue-green and f i lamentous 
green spieces; however, p a r t i a l l y  submerged seagrass a l so  c o n t r i b u t e s  t o  t h i s  
p r o d u c t i v i t y  a t  Askar (N).  I n  many p a r t s  o f  Bahrain t h i s  ben th i c  p r o d u c t i v i t y  seems 
t o  be much more impor tan t  than p lank ton i c  p r o d u c t i v i t y .  

I n t e r t i d a l  in fauna cons is ted  l a r g e l y  o f  polychaetes (e.g., Ceratonereis 
e ry th raeens i s ) .  The v a r i e t y  o f  i n f a u n a l  polychaetes shows t h e  same d i s t r i b u t i o n a l  
p a t t e r n  observed f o r  the  sur face fauna, w i t h  a  g rea te r  number o f  species a t  t h e  
Askar (N) and ( 5 )  and Causeway (N) s i t e s  than a t  t h e  o the r  i n t e r t i d a l  s i t e s .  A t  t he  
Causeway ( 5 )  i n t e r t i d a l  s i t e  bo th  t h e  in fauna (polychaetes)  and sur face fauna may be 
r e l a t i v e l y  impoverished. However, t h e  polychaete in fauna was a l s o  l i m i t e d  a t  Z a l l a q  
(N i n  terms o f  species ( 2 ) ,  desp i te  t he  h i g h  dens i t y  of i n d i v i d u a l s  (>900 m-2) . 

V isua l  f i s h  counts over a  200 m l ong  5 m wide t ransac t  were made a t  each p a i r e d  
( N  and S) s i t e ,  and a t  a  spot  survey on Fasht Adham. Dominant f i s h  species were 
recorded and d i f f e r e n t  t r o p h i c  ca tego r ies  o f  f i s h  cou ld  be c l e a r l y  d i s t i ngu i shed .  
The common species i n  n e a r l y  a l l  ca tegor ies  are known t o  be commercial ly impor tan t  
and a re  supported by the  ben th i c  food chain; thus, they are  u l t i m a t e l y  dependent on 
t h e  p r o d u c t i v i t y  o f  t he  ben th i c  f l o r a .  

Beach seine s tud ies  were undertaken a t  f ou r  o f  t he  c o a s t a l  s i t e s  - Askar (N),  
Causeway (N) and ( 5 )  and Za l l aq  (N).  Large numbers of sma l l  f i s h  were c o l l e c t e d  a t  
Askar ( N )  and Causeway (N). These r e s u l t s ,  together  w i t h  t h e  v i s u a l  counts made 
underwater, have i n d i c a t e d  t h a t  a  major p o r t i o n  o f  t he  dominant species (e.g. 
Siqanus sp., Diplodus noc t ,  Gerres oyena, Uoeneus t raaula)  are e i t h e r  herb ivores ,  



f e e d i n g  d i r e c t l y  on t h e  a l g a l  growth,  o r  d e t r i t i v o r e s  f e e d i n g  on t h e  o r g a n i c  
m a t e r i a l  and meiofauna d e r i v e d  p r i n c i p a l l y  from t h e  decompos i t ion  of  t h e  p l a n t  
m a t e r i a l .  Many o t h e r  s p e c i e s  ( e . g .  S i l l a q o  s ihama,  L u t j a n u s  e h r e n b e r q i ,  L e t h r i n u s  
n e b u l o s u s ) ,  a r e  p r e d a t o r s  which f e e d  on bo t tom- l iv ing  worms and c r u s t a c e a n s ,  o r  on 
o t h e r  b e n t h i c  f i s h .  Only a  few s p e c i e s  obse rved  i n s h o r e  ( e . g .  A l l a n e t t a  f o r s k a l i ,  
S a r d i n e l l a  f i m b r i a t a )  a r e  p l a n t i v o r e s ,  o r  a r e  p r e d a t o r s  o f  s m a l l e r  p l a n k t i v o r o u s  
f i s h  ( e . 9 .  Caranx s p p . ) ,  and s o  r e l y  d i r e c t l y  o r  i n d i r e c t l y  on phy top lank ton  
p r o d u c t i v i t y  w i t h i n  t h e  w a t e r  column. These c o n d i t i o n s  c o r r e s p o n d  t o  t h e  much 
g r e a t e r  impor tance  o f  b e n t h i c  p r o d u c t i v i t y  i n  i n s h o r e  w a t e r s  d i s c u s s e d  above. 

C o l l e c t i o n s  made by beach s e i n e  have a l s o  r e v e a l e d  t h a t  t h e  Causeway (N) and 
Askar (N)  c o a s t a l  s i t e s  a r e  n u r s e r y  a r e a s  f o r  v a r i o u s  p e n a e i d  s h r i m p s ,  i n c l u d i n g  t h e  
commercia l ly  i m p o r t a n t  s p e c i e s ,  Penaeus  s e m i s u l c a t u s ,  which was p a r t i c u l a r l y  
abundant  a t  Askar ( N ) .  Another  l a r g e  s p e c i e s ,  Penaeus  l a t i s u l c a t u s ,  was a l s o  
r e c o r d e d  i n  bo th  a r e a s  b u t  i n  g r e a t e r  numbers a t  Causeway ( N ) .  The l a r g e  
p o p u l a t i o n s . o f  sh r imps  and f i s h  a t  t h e s e  s i t e s  a r e  undoubted ly  s u p p o r t e d  by t h e  r i c h  
s u r f a c e  fauna  and i n f a u n a  p r e s e n t .  I n  c o n t r a s t ,  t h e r e  were r e l a t i v e l y  low beach 
s e i n e  c a t c h e s  and an impover i shed  i n v e r t e b r a t e  f a u n a  a t  t h e  Causeway ( S )  c o a s t a l  
s i t e ,  which may well be  due  t o  t h e  i n c r e a s e d  s a l i n i t y  r e s u l t i n g  from t h e  causeway. 
The c a t c h e s  were s i m i l a r l y  impover i shed  a t  Z a l l a q  ( N ) ,  a g a i n  p robab ly  a  r e s u l t  o f  
t h e  ( h e r e  n a t u r a l l y  o c c u r r i n g )  h i g h  s a l i n i t y .  

R e s u l t s  o f  b i o l o g i c a l  s t u d i e s  a t  t h e  o f f s h o r e  sites p r e s e n t  a  somewhat 
d i f f e r e n t  p i c t u r e .  S e a q r a s s  b e d s  were examined b o t h  a t  and around t h e  s t u d y  s i t e s ,  - 
and a t  a  number of  o t h e r  o f f s h o r e  l o c a t i o n s .  Wi th in  t h e  s t u d y  s i t e  a r e a s  s e a g r a s s  
was wide-spread a t  Askar ( N )  and ( 5 )  w i t h  a l l  t h r e e  g u l f  s p e c i e s  r e p r e s e n t e d .  
S e a q r a s s  was a l s o  obse rved  a t  t h e  Causeway ( N )  s i t e  b u t ,  s i g n i f i c a n t l y ,  most was 
dead o r  dy ing  and r e c e n t l y  h u r r i e d  under  25 cm o f  silt. H e l i c o p t e r  o v e r f l i g h t s  
fo l lowed  by s p o t - d i v i n g  conf i rmed  t h e  p r e s e n c e  o f  e x t e n s i v e  b e d s  o f  s e a g r a s s  on t h e  
e a s t e r n  c o a s t l i n e ,  and r e v e a l e d  a d d i t i o n a l  beds  a s  f a r  s o u t h  a s  t h e  Hawar 
A r c h i p e l a g o ,  b u t  o n l y  a  r e s t r i c t e d  d i s t r i b u t i o n  on t h e  w e s t e r n  c o a s t l i n e .  

The r e l a t i v e l y  h i g h  abundance of  s e a g r a s s  a t  Askar and o t h e r  a r e a s  on t h e  e a s t  
c o a s t  is undoubted ly  r e l a t e d  t o  t h e  l e s s  s t r e s s f u l  s a l i n i t y  c o n d i t i o n s  (42-46Â°/00  
t h e r e .  I n  c o n t r a s t ,  t h e  more l i m i t e d  o c c u r r e n c e  o f  s e a g r a s s  a t  t h e  west c o a s t  s i t e s  
is p a r t l y  due t o  t h e  h i g h e r  s a l i n i t y  (46-58Â°/0n p r e v a i l i n g  on t h e  west c o a s t .  
However, d i f f e r e n c e s  i n  t h e  n a t u r e  o f  t h e  seabed  a r e  a l s o  i n v o l v e d ,  t h e  t h i n  l a y e r  
o f  sed iment  over  f l a t  r o c k  found i n  some p a r t s  o f f  t h e  west c o a s t  b e i n g  much less 
s u i t a b l e  f o r  growth o f  s e a g r a s s e s .  

The g r e a t e s t  number o f  s p e c i e s  o f  s u r f a c e  fauna  a t  t h e  o f f s h o r e  s i t e s  was 
obse rved  a t  t h e  Askar ( 5 )  and Causeway ( 5 )  s i t e s .  A t  t h e  Causeway (N )  s i t e  t h e r e  
was a  comple te  absence  of s u r f a c e  f a u n a  d u r i n g  t h r e e  s u c c e s s i v e  sampl ing  p e r i o d s ,  
c l e a r l y  due t o  t h e  heavy s i l t a t i o n  ment ioned above. A r e l a t i v e l y  impover i shed  
s u r f a c e  f a u n a  was a l s o  a p p a r e n t  a t  ~ s k a r  ( N )  and a g a i n  t h i s  c o u l d  well be  a  
r e f l e c t i o n  o f  t h e  e f f e c t s  o f  d r e d g i n g  and i n c r e a s e d  t u r b i d i t y .  

Penae id  shr imp l a r v a e  were a l m o s t  e n t i r e l y  a b s e n t  i n  p l a n k t o n  samples  c o l l e c t e d  
from t h e  o f f s h o r e  s i t e s ,  i n d i c a t i n g  t h a t  t h e  s i t e s  themse lves  may n o t  be  s h r i m p  
spawning a r e a s .  However, b e c a u s e  o f  t h e  l o c a l i s e d  n a t u r e  of  sh r imp spawning i n  t h e  
Gulf (Basson e t  a l . ,  1977;  P r i c e ,  1979,  1982b1, t h e  p o s s i b i l i t y  o f  spawning o c c u r i n g  
i n  nearby  a r e a s  c a n n o t  be  p r e c l u d e d .  P l a n k t o n i c  and j u v e n i l e  sh r imps  a r e  t h e  most 
v u l n e r a b l e  s t a g e s  o f  t h e  sh r imp l i f e  c y c l e  and ,  f o r  t h i s  r e a s o n ,  c o n s e r v a t i o n  o f  
bo th  spawning g rounds  (when l o c a t e d )  and n u r s e r y  a r e a s  is o f  v i t a l  impor tance  t o  t h e  
c o n t i n u e d  w e l f a r e  of  t h e  f i s h e r y .  



Catch s t a t i s t i c s  and o t h e r  i n f o r m a t i o n ,  a s  d i s c u s s e d  i n  t h e  r e p o r t ,  i n d i c a t e  
t h a t  t h e  c a t c h  of  sh r imp d e c l i n e d  markedly o v e r  1977-1979, i n  a s s o c i a t i o n  w i t h  a  
r ise i n  t h e  numbers of  i n d u s t r i a l  t r a w l e r s ,  b u t  t h a t  f o l l o w i n g  t h e  i n t r o d u c t i o n  i n  
1980 of  a  c l o s e d  s e a s o n  from February  t o  dune, t h e  c a t c h e s  have r i s e n  a g a i n  e a c h  
y e a r  from 1979-1982. The d e c l i n e  up t o  1979 was assumed t o  be t h e  r e s u l t  o f  over-  
f i s h i n g ,  p a r t i c u l a r l y  d u r i n g  t h e  s p r i n g  spawning and r e c r u i t m e n t  p e r i o d .  However, i t  
is  i m p o r t a n t  t o  emphasize  t h e  r o l e  t h a t  damage t o  and l o s s  of  c r i t i c a l  h a b i t a t s  
c o u l d  have i n  r e d u c i n g  c a t c h e s .  Loss o f  i n t e r t i d a l  mud f l a t s  and mangroves by i n -  
f i l l i n g ,  and damage t o  s u b t i d a l  s e a g r a s s  b e d s  from d r e d g i n g  and s e d i m e n t a t i o n ,  w i l l  
g r e a t l y  reduce  t h e  food and s h e l t e r  a v a i l a b l e  t o  t h e  sh r imps .  Thus, t h i s  w i l l  r e s u l t  
i n  r e d u c i n g  t h e  s i z e  o f  t h e  s t o c k  and making o v e r - f i s h i n g  of  t h e  reduced s t o c k  a  
more p r o b a b l e  o c c u r r e n c e .  

Ca tches  o f  f i n  f i s h  appear  t o  have r i s e n  and t h e n  l e v e l l e d  o f f  over  t h e  l a s t  
few y e a r s .  The rise can l a r g e l y  be a t t r i b u t e d  t o  an i n c r e a s e d  e f f i c i e n c y  and e f f o r t  
o f  f i s h i n g .  An i n c r e a s i n g  number of  i n d u s t r i a l  t r a w l e r s  a l t e r n a t e  between c a t c h i n g  
s h r i m p  and f i n - f i s h ,  a c c o r d i n g  t o  s e a s o n ;  and much of  t h e  a r t i s a n a l  f i s h i n g  now 
a p p e a r s  t o  be  c a r r i e d  o u t  by a n  i n c r e a s i n g  number of  s m a l l ,  f a s t ,  open workboa t s  
w i t h  a  g r e a t e r  f i s h i n g  r a n g e  t h a n  t h e  o l d  s a i l b o a t s .  However, t h e  same p o i n t  t h a t  
h a s  been made c o n c e r n i n g  t h e  sh r imp f i s h e r i e s  may be  made w i t h  r e g a r d  t o  f i n  
f i s h e r i e s .  A l a r g e  p r o p o r t i o n  of  t h e  s p e c i e s  caugh t  depend 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 i r  food on t h e  h i g h  p r imary  p r o d u c t i v i t y  o f  s e a g r a s s  b e d s ,  c o r a l  r e e f s ,  and 
i n t e r t i d a l  and s h a l l o w  s u b t i d a l  sand-mud f l a t s .  

The e x t e n t  o f  s h a l l o w  w a t e r  i n - f i l l i n g  and sed iment  damage t o  r e e f s  and 
s e a g r a s s  beds  is s u c h  t h a t  t h i s  c a n n o t  b u t  have reduced  t h e  s i z e  of  t h e  f i s h  s t o c k  
a v a i l a b l e  i n  i n s h o r e  w a t e r s .  Much o f  t h e  i n t e r t i d a l  h a b i t a t  l o s s ,  and s e d i m e n t a t i o n  
o f  s e a q r a s s  b e d s  o b s e r v e d  a p p e a r s  t o  be  r e l a t i v e l y  r e c e n t  i n  o r i g i n  and h a s  p e r h a p s  
been o c c u r r i n g  a t  an i n c r e a s i n g  r a t e  o v e r  t h e  l a s t  5-10 y e a r s .  The e x t e n t  o f  l o s s  
of  i n t e r t i d a l  h a b i t a t  and damage t o  s u b t i d a l  h a b i t a t s  h a s  reached  t h e  l e v e l  where i t  
is  d i f f i c u l t  n o t  t o  b e l i e v e  t h a t  t h i s  h a s  had an impac t  on t h e  sh r imp and o t h e r  
f i s h e r i e s  i n  B a h r a i n i  w a t e r s .  I t  is p r e d i c t e d  t h a t  i f  t h e  l o s s  and damage c o n t i n u e s  
a t  t h e  same r a t e  f o r  any l e n g t h  o f  time, t h i s  w i l l  r e s u l t  i n  a  s e v e r e  d e c l i n e  i n  
l o c a l  shr imp and f i s h  c a t c h e s ,  p a r t i c u l a r l y  i n  t h e  a r t i s a n a l  s e c t i o n .  There  a r e  
a l r e a d y  r e p o r t s  t h a t  t h e  l a n d i n g s  a t  some f i s h i n g  v i l l a g e s  a r e  now d e c l i n i n g ,  and 
t h e  f i she rmen  a r e  compla in ing  t h a t  e x t e n s i v e  d r e d g i n g  is a f f e c t i n g  t h e i r  f i s h i n g  
grounds.  

By c o n t r a s t ,  t h e r e  is no c l e a r  e v i d e n c e  t h a t  c o n s t r u c t i o n  o f  t h e  causeway h a s  
s o  f a r  had any major  e f f e c t  on t h e  sh r imp o r  f i n  f i s h  i n  t h a t  r e g i o n .  There  h a s  
been some l o s s  o f  s e a q r a s s  b e d s  n e a r  and j u s t  t o  t h e  n o r t h  (Causeway ( N )  s i t e )  o f  
t h e  embankment, b u t  i n  p r o p o r t i o n  t o  t h e  e x t e n t  o f  t h e  s e a g r a s s  beds  a l o n g  t h e  west 
c o a s t ,  t h e  a r e a  concerned  is q u i t e  s m a l l .  As ment ioned p r e v i o u s l y ,  t h e r e  h a s  a l s o  
been a  c l e a r  i n c r e a s e  i n  s a l i n i t y  (up  t o  1Oo/,,o) i n  a  s m a l l  r e g i o n  immedia te ly  s o u t h  
of  t h e  embankment, and t h i s  h a s  p r o b a b l y  s l i g h t l y  reduced  p r o d u c t i v i t y  and s p e c i e s  
v a r i e t y  i n  t h a t  a r e a .  But t o  d a t e  s a l i n i t y  e l e v a t i o n  h a s  n o t  s p r e a d  more t h a n  0 .5  t o  
1 km down t h e  c o a s t ,  and t h e r e  is no i n d i c t i o n  t h a t  t h e  causeway h a s  y e t  impac ted  
t h e  mar ine  l i f e  i n  t h e  Z a l l a q  r e g i o n ,  e i t h e r  onshore  o r  o f f s h o r e *  However, b e c a u s e  
t h e  s a l i n i t y  a l o n g  t h e  west c o a s t  is a l r e a d y  h i g h ,  more t h a n  a  s m a l l  f u r t h e r  g e n e r a l  
i n c r e a s e  i n  s a l i n i t y  c o u l d  well e l i m i n a t e  b o t h  s e a q r a s s  b e d s  and shr imp from t h a t  
a r e a .  I t  is known t h a t  b o t h  P. l a t i s u l c a t u s  ( J o n e s  e t  a l . ,  1978)  and P. 
s e m i s u l c a t u s  (Buchard,  p e r s o n a l  communication) can t o l e r a t e  s a l i n i t i e s  o f  up t o  
60Â°/0  a t  l e a s t  a s  a d u l t s .  Also ,  s e a g r a s s e s ,  p a r t i c u l a r 1  y  Ha lodu le  u n i n e r v i s ,  have  
been found i n  s a l i n i t i e s  o f  up t o  6 0 Â ° / n 0  b u t  t h e y  a r e  p robab ly  n o t  a b l e  t o  t o l e r a t e  
much h i g h e r  s a l i n i t i e s .  Thus, f o r  p r o d u c t i v i t y  t o  be  m a i n t a i n e d ,  g e n e r a l  s a l i n i t y  
a l o n g  t h e  west c o a s t  s h o u l d  n o t  i n c r e a s e  beyond t h i s  l e v e l .  



Apart  from i n c r e a s e d  s a l i n i t y  and t u r b i d i t y  (ment ioned  a b o v e ) ,  t h e  causeway may 
have  o t h e r  env i ronmenta l  e f f e c t s .  For example ,  i t  may p o s s i b l y  c r e a t e  a  b a r r i e r  t o  
m i g r a t i n g  sh r imps  and f i s h .  Also,  s i n k i n g  o f  t h e  p i l e s  i n t o  t h e  s e a b e d  h a s  
n e c e s s a r i l y  caused  a  c e r t a i n  amount o f  h a b i t a t  d e s t r u c t i o n .  On t h e  o t h e r  hand, t h e  
causeway may be of  some e c o l o g i c a l  b e n e f i t  by a c t i n g  a s  an ' a r t i f i c i a l  r e e f ' ;  some 
o f  t h e  p i l i n g s  have a l r e a d y  become c o l o n i s e d  by v a r i o u s  sessile organ i sms  ( e  .g . , 
a l g a e  and b a r n a c l e s ) ,  which i n  t u r n  appear  t o  be p r o v i d i n g  food  o r  r e f u g e  f o r  l a r g e r  
a n i m a l s  such  a s  f i s h  ( e . g . ,  Ep inephe lus  t a u v i n a )  . Secondary e f f e c t s  r e s u l t i n g  from 
t h e  causeway a r e  l i k e l y  t o  i n c l u d e  a  g e n e r a l  i n c r e a s e  i n  i n d u s t r i a l  development ,  and 
a d d i t i o n a l  p r e s s u r e  on a l r e a d y  h e a v i l y  u t i l i s e d  c o a s t a l  n a t u r a l  r e s o u r c e s .  

I n  a d d i t i o n  t o  t h e  causeway, t h e r e  a r e  o t h e r  f a c t o r s  d e g r a d i n g  t h e  c o a s t a l  
environment  o f  B a h r a i n .  These i n c l u d e  d i s c h a r g e  of  sewage and i n d u s t r i a l  e f f l u e n t s ,  
a s  w e l l  a s  d r e d g i n g ,  b l a s t i n g  and c o a s t a l  i n - f i l l i n g  a s s o c i a t e d  w i t h  t h e  causeway; 
Direct d e s t r u c t i o n  by d r e d g i n g  comes from p h y s i c a l  damage t o  t h e  seabed  o r  r e e f s .  
I n  t h e  c a s e  of  s o f t  bottom communit ies ,  t h i s  c a n  r e n d e r  t h e  s c o u r e d  s e d i m e n t s  
u n s u i t a b l e  f o r  r e c o l o n i s a t i o n  by s e a q r a s s  and a s s o c i a t e d  f a u n a  f o r  many y e a r s .  On 
t h e  e a s t  c o a s t  o f  Bahra in  n e a r  S i t r a ,  c h a n n e l s  have a l r e a d y  been c u t  d i r e c t l y  
t h r o u g h  t h e  f r i n g i n g  r e e f ,  d e s t r o y i n g  l a r g e  t r a c t s  o f  o t h e r w i s e  h e a l t h y  c o r a l .  A s  
well a s  t h e  d i r e c t  p h y s i c a l  damage, s e c o n d a r y  e f f e c t s  from d r e d g i n g  c a n  be  
c o n s i d e r a b l e .  For  example ,  i n c r e a s e d  t u r b i d i t y  c a n  l i m i t  t h e  p r o d u c t i o n  of  
phy top lank ton  (McLusky, 1 9 8 1 ) ,  a s  well a s  b e n t h i c  communit ies ,  s u c h  a s  t h e  s e a g r a s s  
b e d s  ( Zieman, 1975)  and c o r a l  r e e f s  ( J o h a n n e s  , 1975 ; Schumacher , 1977 ) , by r e d u c i n g  
l i g h t  p e n e t r a t i o n  and p h o t o s y n t h e s i s .  

The e f f e c t s  o f  t h e  Nowruz ( I r a n i a n )  o i l  s p i l l  of  February  1983 on t h e  mar ine  
l i f e  of  Bahra in  a r e  n o t  c l e a r ,  b u t  t h e s e  seem l i k e l y  t o  be  l e s s  s i g n i f i c a n t  t h a n  t h e  
c o n s i d e r a b l e  e f f e c t s  o f  i n - f i l l i n g  and d r e d g i n g .  

A number of  recommendations a r i s e  from t h i s  s t u d y .  They aim, p r i n c i p a l l y ,  a t  
min imis ing  e n v i r o n m e n t a l  consequences  r e s u l t i n g  from t h e  c o n s t r u c t i o n  of  t h e  
causeway and a t  r e d u c i n g  i m p a c t s  c a u s e d  by o t h e r  f a c t o r s .  S p e c i f i c  recommendations 
i n c l u d e  : 

c o n t r o l  of  impac t s  on c r i t i c a l  m a r i n e  h a b i t a t s ,  p r i n c i p a l l y  by r e g u l a t i o n  o f  
d r e d g i n g  and c o a s t a l  i n - f i l l i n g ;  i n  t h i s  r e g a r d ,  s e v e r a l  s i tes  were c o n s i d e r e d  
t o  be i n  need o f  u r g e n t  p r o t e c t i o n ;  t h e y  i n c l u d e  mangroves a t  Sanad,  s e a q r a s s  
beds  s o u t h - e a s t  o f  Bahra in ,  and i n t e r t i d a l  mud f l a t s  on t h e  n o r t h  and e a s t  
c o a s t s ;  

c o n t i n u e d  m o n i t o r i n g  of  t h e  e f f e c t s  o f  t h e  causeway; a  l i m i t  s h o u l d  a l s o  be  set  
whereby t h e  s a l i n i t y  w i t h i n  1 km s o u t h  o f  t h e  causeway would n o t  rise t o  more 
t h a n  6 0 Â ° / 0 0  and t h e  s a l i n i t y  anywhere between 2 . 5  and 25 km s o u t h  o f  t h e  
causeway s h o u l d  n o t  r ise above 5 8 Â ° / 0 a  methods a r e  a l s o  g i v e n  f o r  r e d u c i n g  t h e  
s a l i n i t y  s h o u l d  t h e  proposed l i m i t  be  approached;  

management o f  t h e  sh r imp and f i n  f i s h e r i e s ,  i n c l u d i n g  a c c u r a t e  m o n i t o r i n g  o f  
l a n d i n g s ,  a s  well a s  c o n t i n u a t i o n  o f  beach s e i n e  s t u d i e s o n  a  r e g u l a r  b a s i s  t o  
moni to r  j u v e n i l e  p o p u l a t i o n s ;  

o t h e r  recommendations,  which i n c l u d e  c o n t i n u e d  m o n i t o r i n g  and combat ing of  o i l  
p o l l u t i o n ,  and o t h e r  c o a s t a l  i m p a c t s ;  such  work s h o u l d  complement s t u d i e s  and 
a c t i v i t i e s  c u r r e n t l y  b e i n g  u n d e r t a k e n  by t h e  D i r e c t o r a t e  o f  Environmental  
A f f a i r s ;  t h e  mapping of  c r i t i c a l  mar ine  h a b i t a t s  s h o u l d  a l s o  be c o n s i d e r e d  t o  
be  o f  h i g h  p r i o r i t y .  
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