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C h a p t e r  1 3  

ALGAL FOULING I N  THE NORTH SEA 

L.A. TERRY a n d  G.B.  P I C K E N  

A b e r d e e n  U n i v e r s i t y  M a r i n e  S t u d i e s  L t d . ,  D e p a r t m e n t  o f  
Z o o l o g y ,  U n i v e r s i t y  o f  A b e r d e e n ,  A b e r d e e n ,  AB9 2TN, U . K .  

1 3 . 1  INTRODUCTION 
O f f s h o r e  g a s  e x t r a c t i o n  i n  t h e  U.K.  s t a r t e d  i n  t h e  mid 

1 9 6 0 ' s  i n  t h e  s o u t h e r n  N o r t h  S e a  a n d  t h e  f i r s t  o i l  was 
p r o d u c e d  f r o m  t h e  c e n t r a l  N o r t h  S e a  i n  1 9 7 5 .  T h e r e  a r e  now 
o v e r  1 0 0  i n s t a l l a t i o n s  i n  t h e  t h r e e  a r eas  o f  t h e  N o r t h  S e a  - 
n o r t h e r n ,  c e n t r a l  a n d  s o u t h e r n  - i n d i c a t e d  i n  F i g u r e  1. The 
i n s t a l l a t i o n s  i n  t h e  s o u t h e r n  N o r t h  Sea  e x t e n d  t o  a maximum 
d e p t h  o f  30m, t h o s e  i n  t h e  c e n t r a l  N o r t h  S e a  f r o m  45m t o  142m 
and t h e  d e e p e s t  p l a t f o r m s ,  f r o m  117m t o  187m, are found i n  t h e  
n o r t h e r n  N o r t h  S e a .  T h r o u g h o u t  t h i s  p a p e r ,  d e p t h s  are g i v e n  
r e l a t i v e  t o  L o w e s t  A s t r o n o m i c a l  T i d e ,  (L.A.T.) 

A l l  i n s t a l l a t i o n s  a r e  r a p i d l y  c o l o n i s e d  b y  f o u l i n g  
o r g a n i s m s  w i t h  f o u l i n g  c o m m u n i t i e s  e x t e n d i n g  f r o m  t h e  s p l a s h  
z o n e  t o  t h e  s e a b e d .  The c o m p o s i t i o n ,  e x t e n t  and t h i c k n e s s  o f  
f o u l i n g  i n  a l l  t h r e e  a r eas  o f  t h e  N o r t h  S e a  i s  b r o a d l y  s i m i l a r  
b u t  t h e r e  are  d i f f e r e n c e s  i n  d e t a i l  b e t w e e n  t h e  r e g i o n s  and  
a l s o  s o m e t i m e s  q u i t e  s t r i k i n g  d i f f e r e n c e s  i n  s p e c i e s  
c o m p o s i t i o n  b e t w e e n  a d j a c e n t  p l a t f o r m s .  F o u l i n g  c o m m u n i t i e s  
h a v e  b e e n  d e s c r i b e d  f o r  s e v e r a l  s t r u c t u r e s  i n  t h e  N o r t h  S e a  
( e . g .  G o l d i e ,  1 9 8 1 ;  Goodman a n d  R a l p h ,  1 9 8 1 ;  H a r d y ,  1 9 8 1 ;  
F o r t e a t h  e t  a l . ,  1 9 8 2 ;  1 9 8 3 ;  1 9 8 4 ;  P i c k e n  e t  a l . ,  1 9 8 3 ;  
P i c k e n ,  i n  p r e s s ) .  

L i c e n s i n g  r e g u l a t i o n s  f o r  t h e  U . K .  sector  (HMSO, 1 9 7 7 )  
r e q u i r e  t h a t  a n n u a l  s u r v e y s  o f  f i x e d  i n s t a l l a t i o n s  are made 
a n d  t h a t  s u c h  s u r v e y s  s h o u l d  make  a n  a s s e s s m e n t  o f  t h e  
t h i c k n e s s  o f  m a r i n e  g r o w t h  o n  t y p i c a l  members  or  a reas  o f  t h e  
s t r u c t u r e .  T h e r e  a r e  n o  d e t a i l e d  g u i d e l i n e s ,  h o w e v e r ,  a s  t o  
how o p e r a t o r s  s h o u l d  make t h i s  a s s e s s m e n t .  S i n c e  1 9 8 1 ,  AUMS 
( A b e r d e e n  U n i v e r s i t y  M a r i n e  S t u d i e s  L t d . )  h a s  p r o v i d e d  a n  
a n a l y s i s  s e r v i c e  t o  h e l p  e n g i n e e r s  t o  assess t h e  c u r r e n t  s t a t e  
o f  m a r i n e  g r o w t h  a n d  t o  p r e d i c t  i t s  f u t u r e  c o m p o s i t i o n  and  
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Fig. 13.1.Map of North Sea showing location of (a) offshore 
structures from which data on algal fouling has been 
o b t a i n e d  and ( b )  the buoys in the approach 
channel to the Cromarty Firth . 
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t h i c k n e s s  on e x i s t i n g  s t r u c t u r e s  and on f u t u r e  i n s t a l l a t i o n s .  
The t i m e  a l l o c a t e d  t o  mar ine  g rowth  a s s e s s m e n t  d u r i n g  
i n s p e c t i o n  is  s h o r t  and  i t  i s  i m p o r t a n t  t o  m a x i m i s e  t h e  
c o l l e c t i o n  o f  r e l e v a n t  d a t a  ( s p e c i e s  c o m p o s i t i o n ,  p e r c e n t a g e  
c o v e r  and  t h i c k n e s s )  w h i c h  w i l l  b e  o f  i m p o r t a n c e  t o  t h e  
e n g i n e e r s  who have  t o  make d e c i s i o n s  on c l e a n i n g  programmes t o  
r e l i e v e  s t r u c t u r a l  l o a d i n g .  

T h i s  p a p e r  o u t l i n e s  t h e  methods  o f  d a t a  a n a l y s i s  adop ted  
t o  p r o v i d e  s u c h  i n f o r m a t i o n  t o  meet e n g i n e e r i n g  r e q u i r e m e n t s  
and d e s c r i b e s  t h e  d i s t r i b u t i o n  o f  a l g a e  on o f f s h o r e  s t r u c t u r e s  
i n  t h e  Nor th  Sea .  The o f f s h o r e  a l g a l  communi t ies  are  compared 
w i t h  t h e  a l g a l  f o u l i n g  on n a v i g a t i o n  buoys f rom i n s h o r e  waters 
i n  t h e  I n n e r  Moray F i r t h  i n  n o r t h - e a s t  S c o t l a n d .  

13.2 METHODS 
13.2.1.  Data c o l l e c t i o n  from o f f s h o r e  s t r u c t u r e s  

The l o c a t i o n s  o f  i n s t a l l a t i o n s  from which d a t a  on a l g a l  
f o u l i n g  h a v e  b e e n  o b t a i n e d  a r e  shown i n  F i g u r e  1. M a r i n e  
g r o w t h  s a m p l e s  were c o l l e c t e d  by commercial d i v e r s  who 
f o l l o w e d  a sampl ing  programme d e s i g n e d  i n  c o n s u l t a t i o n  w i t h  
t h e  o p e r a t o r .  The d i v e r s  l o c a t e d  a number o f  p r e - s e l e c t e d  
sampl ing  p o i n t s  on t h e  s t r u c t u r e  and pe r fo rmed  t h e  f o l l o w i n g  
sequence  o f  t a s k s : -  (1)  t h e  a t t a c h m e n t  o f  a s i t e  
i d e n t i f i c a t i o n  l a b e l ;  ( 2 )  t h e  a t t a c h m e n t  o f  a q u a d r a t  or  scale 
m a r k e r  a t  e a c h  l o c a t i o n ;  ( 3 )  t h e  t a k i n g  o f  s t a n d - o f f  and  
c l o s e - u p  c o l o u r  pho tographs  o f  t h e  sites; ( 4 )  t h e  measurement 
o f  t h e  c i r c u m f e r e n c e  o f  s p e c i f i e d  members u s i n g  a s p e c i a l l y  
d e s i g n e d  t a p e  measu re ;  ( 5 )  t h e  c o l l e c t i o n  o f  t h e  mar ine  g rowth  
w i t h i n  t h e  q u a d r a t  by  s c r a p i n g  i t  i n t o  a l a b e l l e d  p l a s t i c  
s ampl ing  j a r .  I n d u s t r i a l  m e t h y l a t e d  s p i r i t  (IMS) was added as 
a p r e s e r v a t i v e  t o  t h e  samples  on r e t u r n  t o  t h e  s u r f a c e .  

13.2.2. Data a n a l y s i s  
The r a t i o n a l e  g o v e r n i n g  t h e  m e t h o d s  u s e d  by  AUMS t o  

a n a l y s e  m a r i n e  g rowth  d a t a  f rom o f f s h o r e  s t r u c t u r e s  h a s  been  
d e s c r i b e d  and d i s c u s s e d  by P i c k e n  ( 1 9 8 4 ) .  The i n f o r m a t i o n  
r e q u i r e d  by e n g i n e e r s  and t h e  s o u r c e  o f  t h i s  i n f o r m a t i o n  from 
t h e  mar ine  g rowth  i n s p e c t i o n  d a t a  a r e  summarised i n  T a b l e  1. 
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TABLE 13.1. 
Sources o f  d a t a  f o r  mar ine  g r o w t h  a n a l y s i s  

I n f o r m a t i o n  r e q u i r e d  Scource  o f  d a t a  

1. I d e n t i t y  o f  s p e c i e s  Samples c o l l e c t e d  by d i v e r s  
p r e s e n t  A n a l y s i s  of t h e  c l o s e - u p  

2 .  % c o v e r  o f  t h e  major E s t i m a t i o n  f rom p h o t o g r a p h s  

photog  r a p  h s  

f o u l i n g  t y p e s  which  i n c l u d e  a q u a d r a t  or 
scale  

3 .  Average s i z e  ( l e n g t h  or  E s t i m a t i o n  from p h o t o g r a p h s  
h e i g h t )  o f  e a c h  s p e c i e s  which i n c l u d e  a s c a l e  
o r  f o u l i n g  t y p e  Range o f  s i z e  p o s s i b l e  o b t a i n e d  

f rom t h e  l i t e r a t u r e  

Upper part of buoy 

Lower part of buoy 

Anchor chain 

Fig .  13.2. The s t r u c t u r e  of an  i n s h o r e  buoy. 
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13.2.3. F o u l i n g  communi t i e s  on  i n s h o r e  buoys  
D u r i n g  May 1984  AUMS was a b l e  t o  examine  t h e  f o u l i n g  on 

s i x  n a v i g a t i o n  b u o y s ,  s i t u a t e d  i n  t h e  I n n e r  Moray F i r t h  i n  t h e  
a p p r o a c h  c h a n n e l  t o  t h e  Cromar ty  F i r t h  (see F i g u r e  l . ) ,  when 
t h e y  were t a k e n  aboa rd  a l i g h t h o u s e  s h i p  f o r  a n n u a l  
ma in tenance  w o r k .  The s t r u c t u r e  and d i m e n s i o n s  o f  t h e s e  buoys  
a r e  shown i n  F i g u r e  2.  When e a c h  buoy was l i f t e d  c lear  of t h e  
water o n t o  t h e  v e s s e l  p h o t o g r a p h s  were t a k e n  o f  t h e  f o u l i n g  
and  samples  of t h e  f i l a m e n t o u s  and m i c r o - a l g a e  were t a k e n  f o r  
l a b o r a t o r y  i d e n t i f i c a t i o n .  Dur ing  t h i s  a n n u a l  m a i n t e n a n c e  t h e  
f o u l i n g  on t h e  u p p e r  and lower p a r t s  o f  t h e  buoys  w a s  removed 
u s i n g  s c r a p e r s ,  t h e  u p p e r  p a r t s  c l e a n e d  w i t h  c l o t h s  and c o a t e d  
w i t h  a n  a n t i f o u l i n g  p a i n t .  The lower p a r t  was n o t  a n t i f o u l e d  
and t h e  f o u l i n g  on t h e  c h a i n  was n o t  removed. 

13.3.  RESULTS 
An e x a m p l e  of t y p i c a l  r e s u l t s  f r o m  t h e  a n a l y s i s  o f  

m a r i n e  g r o w t h  on  a s t r u c t u r e  i n  t h e  c e n t r a l  Nor th  Sea s t a n d i n g  
i n  130m o f  water  is  shown i n  F i g u r e  3 .  T h i s  t y p e  o f  
p r e s e n t a t i o n  h a s  b e e n  a d o p t e d  t o  s u m m a r i s e  i n f o r m a t i o n  on  
m a r i n e  g rowth  c o m p o s i t i o n  and t h i c k n e s s  f o r  e n g i n e e r i n g  
p u r p o s e s .  The i d e n t i t y  of i n d i v i d u a l  s p e c i e s  i s  n o t  
p a r t i c u l a r l y  i m p o r t a n t  i n  t h i s  c o n t e x t  b u t  d i v i s i o n  i n t o  t h e  
m a j o r  f o u l i n g  g r o u p s  is u s e f u l .  I n  t h e  example  i l l u s t r a t e d ,  
a l g a e  were found  i n  t h e  d e p t h  r a n g e  L.A.T. t o  -15m where t h e  
c o m p e t i t o r s  f o r  s p a c e  were m u s s e l s  and h y d r o i d s .  Both a l g a e  
and  h y d r o i d s  were f r e q u e n t l y  found ove rg rowing  t h e  m u s s e l s .  
Musse l  b e d s  formed t h e  dominan t  h a r d  g r o w t h s  from L.A.T. t o  
-45m b u t  a t  g r e a t e r  d e p t h s  t h e  dominan t  h a r d  f o u l i n g  c o n s i s t e d  
of s o l i t a r y  tubeworms. Hydro ids  were p r e s e n t  t h r o u g h o u t  t h e  
d e p t h  r a n g e  w i t h  o t h e r  s o f t  g r o w t h s ,  i n c l u d i n g  s o f t  co ra l s  and 
anemones,  p r e s e n t  f rom -15m t o  a d e p t h  o f  a p p r o x i m a t e l y  100m. 

The  d e p t h  r a n g e  o f  a l g a e  on o f f s h o r e  s t r u c t u r e s  i n  t h e  
N o r t h  Sea  is d e t e r m i n e d  by t h e  c l a r i t y  o f  t h e  water and t h e  
g e o m e t r y  o f  t h e  s t r u c t u r e .  T h e r e  a r e  many r e g i o n s  i n  t h e  
p h o t i c  zone  on  s t ee l  p l a t f o r m s  which are so  shaded  t h a t  a l g a e  
a r e  a b s e n t ;  on s t e e l  s t r u c t u r e s  a l g a e  are p r e d o m i n a n t l y  found 
o n  t h e  o u t e r  f a c e s  o f  l e g s  a n d  on t h e  u p p e r  s u r f a c e s  o f  
h o r i z o n t a l  a n d  v e r t i c a l  d i a g o n a l  members. I n  t h e  s h a l l o w  
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t u r b i d  waters of t h e  s o u t h e r n  Nor th  Sea a l g a e  a r e  t h e r e f o r e  
c o n f i n e d  t o  a r e a s  s h a l l o w e r  t h a n  -5m whereas  i n  t h e  c e n t r a l  
and n o r t h e r n  sectors p l a n t s  have  been  found as  d e e p  a s  -40m. 
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Fig .  1 3 . 3 .  Depth z o n a t i o n  and a v e r a g e  t h i c k n e s s  of t h e  major 
components  of t h e  f o u l i n g  community on a s tee l  
s t r u c t u r e  5 y e a r s  a f t e r  p l acemen t  i n  t h e  c e n t r a l  
Nor th  Sea.  
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TABLE 13.2.  

S p e c i e s  l i s t  o f  a l g a e  r e c o r d e d  on o f f s h o r e  i n s t a l l a t i o n s  i n  
t h e  N o r t h  Sea .  Taxonomic nomenc la tu re  f o l l o w s  t h a t  of Parke  
and Dixon ( 1 9 7 6 ) .  

Ch lo rophyceae  

_- 

I 
Znteromorpha s p p  

E. i n t e s t  
E. l i n z a ,  E. t o r t a  
Enteromorpha s p .  

l a c t u c a  
and s p .  

'haetomorpha s p .  
' l adophora  s p .  
Spongomorpha s p .  

. ( i n c  
i n a l i s  

1 
and 

Xanthophyceae 

i laucher ia  s p .  

Phaeophyceae 

& l a r i a  e s c u l e n t a  ~ 

Laminar ia  d i g  i t a  t a  
Laminar i a  hype r b o r e a  

S = S o u t h e r n  Nor th  Sea  
: = C e n t r a l  Nor th  Sea  
N = Nor the rn  North Sea  

l u d e s  
i (SrCrN)  

Rhodophyceae 

E r y t h r o t r i c h i a  c a r n e a  ( C  

Po rphyra  sp .  ( C , N  
Bangia  a t r o p u p u r e a  ( S  

Audou i n e  l l a  
conc  r e s c e n s  (S 

A u d o u i n e l l a  s p .  (SICIN 

and Ge l id ium SD. ( N  
Ge l id ium l a t i f o l i u m  

.~ - L  

Bonnemaisonia h a m i f e r a  
" T r a i l l i e l l a "  p h a s e  ( N  
Pa lmar i a  a l m a t a  ( C , N  
Lome n t a r  i b 1 l o s  a ( c , N 
Lomentar ia  o r c a d e n s i s  ( C , N  
An t i thamnion  

f loccosum ( C . N  
Ccramium rubrum ( C ; N  

Delessaria s a n g u i n e a  ( N  
Hypoglossum woodwardi i ( N  
P o l y s i p h o n i a  b r o d i a e i  ( C , N  
Polv  s iDhon i a 

P l u m a r i a  e l e g a n s  ( N  

macrocarpa  ( C  

u r e o l a  t a  (SIC 

P o l y s i p h o n i a  n i g r e s c e n s  
Pol  y s i ph on i a 

Rhodomela c o n f e r v o i d e s  

Data f rom G o l d i e ,  1981;  Hardy, 1981, F o r t e a t h  e t  a l . ,  1982;  
1983; 1984;  and u n p u b l i s h e d  s o u r c e s .  



A s p e c i e s  l ist  o f  t h e  a l g a e  which have  been  i d e n t i f i e d  
from o f f s h o r e  s i t u a t i o n s  i n  t h e  Nor th  Sea  is g i v e n  i n  T a b l e  2 .  

Few r e c o g n i s a b l e  t r e n d s  i n  a l g a l  d i s t r i b u t i o n  have  been  
o b s e r v e d  be tween d i f f e r e n t  s t r u c t u r e s  'or r e g i o n s  of t h e  Nor th  
Sea .  Ke lps ,  however ,  are n o t  w idesp read  i n  t h e  s o u t h e r n  Nor th  
Sea and a l t h o u g h  t h e y  o c c u r  on many p l a t f o r m s  i n  t h e  o t h e r  t w o  
s e c t o r s  t h e y  a r e  a s e r i o u s  p r o b l e m  o n  o n l y  t w o  o f  t h e  
i n s  t a l l a t  i o n s .  The uppe r  r e g i o n s  o f  some s t r u c t u r e s ,  
p a r t i c u l a r l y  t h o s e  i n  t h e  s o u t h e r n  s e c t o r ,  c a n  b e  t o t a l l y  
dominated  by t h e  musse l  M y t i l u s  e d u l i s ,  b u t  a l g a e  may overgrow 
s u c h  a c o v e r  i f  l i g h t  l e v e l s  are s u f f i c i e n t .  

A common f o u l i n g  p a t t e r n  was found on a l l  s i x  n a v i g a t i o n  
buoys  i n  t h e  Moray F i r t h .  The u p p e r  p a r t  was f o u l e d  from t h e  
w a t e r l i n e  r e g i o n  t o  i ts  j u n c t i o n  w i t h  t h e  lower p a r t  - a d e p t h  
o f  0.8m. Three  z o n e s  were d i s t i n g u i s h e d  on t h i s  uppe r  p a r t :  a 
s p l a s h  zone  a p p r o x i m a t e l y  15cm d e e p  above  t h e  w a t e r l i n e ,  a 
l a r g e  mid zone  and a l o w  zone  c o v e r i n g  t h e  b a s a l  10  t o  15cm o f  
t h e  upper  p a r t  of t h e  buoy. The a l g a e  i n  t h e  s p l a s h  zone  were 
U l o t h r i x  s p .  , Enteromorpha s p .  , Chaetomorpha l i num,  
u n i d e n t i f i e d  s m a l l  s t a g e s  of g r e e n  a l g a e ,  a n d  b l u e - g r e e n  
a l g a e .  The mid zone was domina ted  by E c t o c a r p u s  s p . ,  w i t h  
S c y t o s i p h o n  l o m e n t a r i a ,  P o l y s i p h o n i a  f i b r a t a  and s p .  a l s o  
p r e s e n t .  On some o f  t h e  b u o y s  t h e  c o v e r  of E c t o c a r p u s  
ex tended  above  t h e  w a t e r l i n e .  Lamina r i ans ,  p r i n c i p a l l y  
L a m i n a r i a  s a c c h a r i n a ,  were p r e s e n t  i n  t h e  low zone ,  w i t h  some 
E c t o c a r p u s  s p .  The  m u s s e l ,  M y t i l u s  e d u l i s ,  d o m i n a t e d  t h e  
lower p a r t  of  t h e  buoy w i t h  some Lamina r i a  d i g i t a t a  and ,  t o  a 
lesser e x t e n t ,  L . s a c c h a r i n a  a l s o  p r e s e n t .  

13.4 DISCUSSION 
The f o u l i n g  on o f f s h o r e  i n s t a l l a t i o n s  i n  t h e  Nor th  Sea  

h a s  n e c e s s i t a t e d  a r e g u l a r  m o n i t o r i n g  o f  t h e  s p e c i e s  
c o m p o s i t i o n ,  e x t e n t  o f  c o v e r  and mar ine  g rowth  t h i c k n e s s .  The 
t h i c k n e s s  measurements  are  p a r t i c u l a r l y  i m p o r t a n t  f o r  
e s t i m a t i n g  t h e  e f f e c t s  o f  mar ine  growth  on hydrodynamic 
l o a d i n g .  Al though t h e  sampl ing  methods c a r r i e d  o u t  o f f s h o r e  
f a l l  s h o r t  o f  a n  i d e a l  b i o l o g i c a l  programme, t h e y  have e n a b l e d  
d a t a  o n  t h e s e  o f f s h o r e  c o m m u n i t i e s  t o  b e  o b t a i n e d  w h i l e  
p r o v i d i n g  o p e r a t o r s  w i t h  i n f o r m a t i o n  t o  answer  e n g i n e e r i n g  
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problems.  
A l g a l  f o u l i n g  can  a f f e c t  o f f s h o r e  i n s t a l l a t i o n s  i n  a 

number o f  ways:- (1) it o b s c u r e s  t h e  u n d e r l y i n g  s u b s t r a t u m  
a n d  i m p a i r s  t h e  i n s p e c t i o n  o f  a s t r u c t u r e .  Some non- 
d e s t r u c t i v e  t e s t i n g  r e q u i r e s  t h e  pre- removal  o f  f o u l i n g ;  ( 2 )  

i t  i n c r e a s e s  d y n a m i c  a n d  h y d r o d y n a m i c  l o a d i n g ;  ( 3 )  i t  c a n  
p r o v i d e  e n v i r o n m e n t s  f o r  b a c t e r i a l  a c t i v i t y  ( s ee ,  f o r  example ,  
T e r r y  and Edyvean, 1 9 8 6 ) .  S u l p h a t e  r e d u c i n g  b a c t e r i a  (SRB) 

a r e  a c t i v e  i n  a n a e r o b i c  p o c k e t s  unde r  m a c r o f o u l i n g  and t h e y  
can  enhance  c o r r o s i o n  o f  s t r u c t u r a l  s tee l s .  S u l p h u r  o x i d i s i n g  
b a c t e r i a ,  which can  promote d i s s o l u t i o n  and s p a l l i n g  o f  
c o n c r e t e ,  c a n  b e  a c t i v e  i n  a e r o b i c  p o c k e t s  unde r  m a c r o f o u l i n g ;  
( 4 )  i t  c a n  a f f e c t  c o r r o s i o n  and c o r r o s i o n  p r o t e c t i o n  o f f s h o r e  
( see ,  f o r  example , T e r r y  and Edyvean , 1986 ) . 

The most  s i g n i f i c a n t  e f f e c t  o f  a l g a l  f o u l i n g  is  i t s  
c o n t r i b u t i o n  t o  hydrodynamic l o a d i n g ,  and i t  now a p p e a r s  t h a t  
t h e  c o n t r i b u t i o n  of s o f t  g rowth  t o  hydrodynamic l o a d i n g  h a s  
been  u n d e r e s t i m a t e d .  Recen t  l a b o r a t o r y  i n v e s t i g a t i o n s  have  
shown t h a t  t h e  e f f e c t  o f  k e l p s  on d r a g  and i n e r t i a  
c o e f f i c i e n t s  may be  n e a r l y  twice t h e  g e n e r a l l y  assumed v a l u e  
and t h e r e f o r e  g r e a t e r  t h a n  t h o s e  f o r  h a r d  g r o w t h s  (Wolfram and 
Theophana tos ,  1 9 8 5 ) .  

T h e r e  h a s  been  much d e b a t e  a b o u t  which measure  o f  s i z e ,  
p a r t i c u l a r l y  f o r  s o f t  f r o n d  g r o w t h s ,  i s  a p p r o p r i a t e  f o r  u s e  i n  
hydrodynamic l o a d i n g  c a l c u l a t i o n s .  Al though t h e  ave rage  
t h i c k n e s s  of h a r d  g rowths  c a n  be  r e a s o n a b l y  a c c u r a t e l y  
d e t e r m i n e d  from p h o t o g r a p h i c  a n a l y s i s  , c i r c u m f e r e n t i a l  t a p e  
m e a s u r e m e n t s  o r  p r o b e  r e a d i n g s ,  s u c h  m e a s u r e m e n t s  may n o t  
a c c u r a t e l y  r e f l e c t  t h e  roughness  f a c t o r  (Wolfram and 
T h e o p h a n a t o s ,  1 9 8 5 )  and measurement p r o c e d u r e s  may have t o  be  
m o d i f i e d  i n  t h e  f u t u r e .  I t  i s  e v e n  more d i f f i c u l t  t o  
d e t e r m i n e  what  i s  a n  a p p r o p r i a t e  t h i c k n e s s  measurement f o r  
s o f t  c o m p r e s s i b l e  g r o w t h s  s u c h  a s  a l g a e .  To d a t e ,  t h e  maximum 
l e n g t h  o f  t h e  a l g a l  f r o n d s  a s  d e t e r m i n e d  by  p h o t o g r a p h i c  
a n a l y s i s  h a s  been  used .  T h i s  g i v e s  t h e  " w o r s t  p o s s i b l e  c a s e "  
f o r  e n g i n e e r s  t o  c o n s i d e r  i n  t h e i r  c a l c u l a t i o n s  b u t  t h e  u s e  of 
t h i s  measurement may a l s o  have  t o  be  rev iewed i n  t h e  l i g h t  of 
any f u r t h e r  e x p e r i m e n t a l  d a t a  on t h e  e f f e c t s  of s o f t  g rowth  on 
l o a d i n g .  

, 

C o l l a t i n g  d a t a  f r o m  a number o f  s o u r c e s ,  w e  h a v e  
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r e c o r d e d  a t o t a l  o f  3 5  s p e c i e s  a n d / o r  g e n e r a  o f  a l g a e  o n  
o f f s h o r e  s t r u c t u r e s  o v e r  t h e  p e r i o d  1977 t o  1 9 8 4  ( T a b l e  2). 

T h i s  a p p e a r s  a p p e a r s  l o w  w h e n  c o m p a r e d  w i t h  v a l u e s  o f  1 2 0  
a l g a l  s p e c i e s  a n d / o r  major  g r o u p s  i n  p e r m a n e n t  i n t e r t i d a l  
m o n i t o r i n g  q u a d r a t s  o n  r o c k y  s h o r e s  i n  t h e  n o r t h - e a s t  o f  
S c o t l a n d  ( T e r r y  a n d  S e l l ,  i n  p r e s s )  a n d  55 a l g a l  f o u l i n g  
s p e c i e s  o n  f l o a t i n g  s t r u c t u r e s  i n  S u l l o m  V o e  ( T i t t l e y  a n d  
F l e t c h e r ,  1 9 8 4 ) .  

A l t h o u g h  t h i s  l i s t  is p r o b a b l y  a n  u n d e r e s t i m a t e  o f  t h e  
t o t a l  s p e c i e s  p r e s e n t ,  i t  i s  p o s s i b l e  t h a t  o f f s h o r e  a l g a l  
c o m m u n i t i e s  are  i n  f a c t  less d i v e r s e  t h a n  t h o s e  n e a r s h o r e .  
T h e  r e l a t i v e  p a u c i t y  o f  t h e  o f f s h o r e  f l o r a  may b e  d u e  t o  a 
c o m b i n a t i o n  o f  f a c t o r s : -  (1) t h e  d i f f i c u l t i e s  e n c o u n t e r e d  i n  
o b t a i n i n g  s a m p l e s  f r o m  o f f s h o r e  and  i n  p a r t i c u l a r  f r o m  t h e  
d e p t h  r a n g e  L.A.T. t o  - 1 5 m .  Wave a c t i o n  i s  most p r o n o u n c e d  
h e r e  and w o r k i n g  c o n d i t i o n s  a r e  d i f f i c u l t ;  d i v e r s  may loose o r  
o v e r l o o k  s m a l l  s p e c i e s ;  e v e n  when d i v e r s  c a n  w o r k  i n  t h i s  
r e g i o n  most i n t e r t i d a l  a n d  s p l a s h  z o n e  s p e c i e s  w i l l  b e  
e x c l u d e d  a s  s u r v e y s  c o n c e n t r a t e  o n  s u b l i t t o r a l  r e g i o n s  b e l o w  
L.A.T.; ( 2 )  t h e  p o o r  q u a l i t y  o f  many a lgae  w h i c h  are  r e t u r n e d  
f r o m  o f f s h o r e .  I t  i s  r a re  t o  o b t a i n  a n  e n t i r e  p l a n t  i n  a 
r e a s o n a b l e  c o n d i t i o n  a n d  t h e  u s e  o f  IMS a s  a p r e s e r v a t i v e  
f u r t h e r  h i n d e r s  i d e n t i f i c a t i o n  t o  s p e c i e s .  I n  t h e  a b s e n c e  o f  
s p e c i m e n s ,  i d e n t i f i c a t i o n  f r o m  p h o t o g r a p h s  is u s u a l l y  o n l y  t o  
g r o u p  o r  g e n u s  l e v e l ;  ( 3 )  t h e  d i f f i c u l t i e s  w h i c h  a l g a e  h a v e  i n  
r e a c h i n g  o f f s h o r e  s i tes .  I t  i s  n o t  c lear  by  w h i c h  method or  
m e t h o d s  a l g a e  are  a b l e  t o  s e e d  p a r t i c u l a r  p l a t f o r m s .  S p o r e s  
may a r r i v e  a t  a s i t e  t h r o u g h  n a t u r a l  d i s p e r d a l  i n  c u r r e n t s ,  
t h e y  may a t t a c h  t o  t h e  i n s t a l l a t i o n  i f  it h a s  b e e n  p a r t i a l l y  
submerged  i n s h o r e  d u r i n g  c o n s t r u c t i o n ,  t h e y  may c o l o n i s e  
d u r i n g  t o w - o u t  o r  t h e y  may e v e n  r e a c h  t h e  o f f s h o r e  s i t e  o n  
s h i p s '  h u l l s .  

C o m p e t i t i o n  f o r  s p a c e  o n  o f f s h o r e  f i x e d  s t r u c t u r e s  
w h i c h  are  n o t  c l e a n e d  r e g u l a r l y  o f t e n  r e s u l t s  i n  t h e  a l g a e  
o v e r g r o w i n g  h a r d  o r g a n i s m s ,  u s u a l l y  m u s s e l s ,  a s  t h e  r e s u l t s  i n  
F i g u r e  3 f r o m  t h e  c e n t r a l  N o r t h  S e a  i n s t a l l a t i o n  show. Such  
a l g a l  c o m m u n i t i e s  are o f t e n  d o m i n a t e d  by  r e d  a l g a e ,  
p a r t i c u l a r l y  s p e c i e s  o f  P o l y s i p h o n i a .  A l t h o u g h  E n t e r o m o r p h a  
s p .  a n d  s p .  h a v e  b e e n  r e c o r d e d  f r e q u e n t l y  on o f f s h o r e  
s t r u c t u r e s  i n  t h e  N o r t h  S e a ,  r e c o r d s  f o r  o t h e r  g r e e n  a l g a e  
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h a v e  b e e n  l ess  common. T h i s  i s  p r o b a b l y  b e c a u s e  t h e  upper  
s p l a s h  zone  is r a r e l y  sampled on  o f f s h o r e  s t r u c t u r e s ;  t h e  
h i g h e s t  s a m p l e s  are o b t a i n e d  f rom L.A.T. a n d ,  b e c a u s e  o f  t h e  
d i f f i c u l t i e s  o f  working  a t  O m ,  s amples  from even  t h i s  d e p t h  
may be  l a c k i n g .  A s p l a s h  zone community dominated  by 
f i l a m e n t o u s  g r e e n  a l g a e  p r o b a b l y  e x i s t s  o f f s h o r e  b u t ,  u n l i k e  
t h e  n a v i g a t i o n  buoys ,  i t  is n e v e r  a d e q u a t e l y  sampled .  

G i v e n  t h e  d i f f i c u l t i e s  i n  sampl ing  t h e  a l g a l  dominated  
r e g i o n s  o f  o f f s h o r e  s t r u c t u r e s  i t  is p e r h a p s  n o t  s u r p r i s i n g  
t h a t  few g e n e r a l i s a t i o n s  c a n  be  made a b o u t  a l g a l  d i s t r i b u t i o n ,  
b o t h  v e r t i c a l y  on  i n d i v i d u a l  p l a t f o r m s  o r  be tween d i f f e r e n t  
s t r u c t u r e s  i n  t h e  Nor th  Sea .  D i f f e r e n t  f a c e s  o f  a s t r u c t u r e  
may be  sampled  i n  s u c c e s s i v e  y e a r s  and t h e s e  f a c e s  may r e c e i v e  
d i f f e r e n t  p a t t e r n s  o f  wave a c t i o n ;  s amples  may a l s o  b e  
o b t a i n e d  f rom d i f f e r e n t  d e p t h s  on d i f f e r e n t  o c c a s i o n s .  I t  is 
rare to  a d e q u a t e l y  sample  t h e  e n t i r e  a l g a l - c o v e r e d  r e g i o n  on 
a n y  o n e  v i s i t .  I t  i s  s t i l l  n o t  c l e a r ,  f o r  e x a m p l e ,  how 
p r e c i s e  a l g a l  z o n a t i o n  is o f f s h o r e .  Al though pho tographs  o f  
e n t i r e  s t r u c t u r e s  f r e q u e n t l y  show an  Enteromorpha-dominated 
s p l a s h  zone ,  t h i s  g e n u s  h a s  a l s o  been found w e l l  below t h e  
L.A.T. m a r k .  U s u a l l y  samples  are  t a k e n  f rom l e v e l s  a t  which 
t h e r e  i s  a h o r i z o n t a l  member r a t h e r  t h a n  be tween e l e v a t i o n s .  
Consequen t ly ,  a d i s j o i n t e d  sampl ing  p r o c e d u r e  h a s  t o  be  
adop ted  which r e s u l t s  i n  d i f f e r e n t  d e p t h s  b e i n g  sampled on 
d i f f e r e n t  s t r u c t u r e s  and no  comple t e  p i c t u r e  a v a i l a b l e  f o r  any 
o n e .  Most of t h e  a l g a e  r e c o r d e d  i n  T a b l e  2 ,  t h e r e f o r e ,  have  
b e e n  found a t  a v a r i e t y  o f  d e p t h s  s i n c e  t h e r e  is  c o n s i d e r a b l e  
v a r i a t i o n  i n  t h e  d e p t h  o f  t h e  p h o t i c  zone  between t h e  
d i f f e r e n t  r e g i o n s  o f  t h e  Nor th  Sea .  

Records  o b t a i n e d  from f l o a t i n g  s t r u c t u r e s  e l s e w h e r e  i n  
t h e  B r i t i s h  I s les ,  e . g .  t h e  F i r t h  o f  C l y d e  ( G r i e v e  and  
R o b e t s o n ,  1 8 6 4 ) ,  t h e  Isle o f  Man (Lodge ,  1 9 4 9 ) ,  t h e  S o l e n t  
r e g i o n  ( F l e t c h e r ,  1980)  and Sul lom Voe ( T i t t l e y  and F l e t c h e r ,  
1 9 8 4 ) ,  c o n t a i n e d  more a l g a l  s p e c i e s  t h a n  were found on t h e  s i x  
Moray F i r t h  n a v i g a t i o n  buoys .  The Moray F i r t h  communi t ies  
were, h o w e v e r ,  o n l y  o n e  y e a r  o l d  and  were g r o w i n g  o n  a n  
a n t i - f o u l e d  s u r f a c e  which would be  e x p e c t e d  t o  res t r ic t  t h e  
s p e c i e s  c o l o n i s i n g  t h e  buoys.  Al though t h e  a l g a l  f o u l i n g  on 
t h e  e i g h t  buoys  i n  t h e  Clyde  ( G r i e v e  and R o b e r t s o n ,  1864)  was 
a l s o  o n l y  one  y e a r  o l d ,  t h e  g r e a t e r  number of s p e c i e s  r e c o r d e d  
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i n  t h e  Clyde  compared w i t h  t h e  Moray F i r t h  buoys  is p r o b a b l y  
due  t o  t h e  a n t i - f o u l i n g  . I n  p a r t i c u l a r ,  more Rhodophyceae 
were o b s e r v e d  i n  t h e  C lyde ,  e s p e c i a l l y  some l u x u r i a n t  g r o w t h s  
o f  P o l y s i p h o n i a  b r o d i a e i .  T h i s  s p e c i e s  h a s  been  one  o f  t h e  
m o s t  w idesp read  a l g a l  f o u l e r s  o f  o f f s h o r e  s t r u c t u r e s  i n  t h e  
N o r t h  S e a .  L i k e  t h e  s t r u c t u r e s  i n  Sul lom Voe ( T i t t l e y  and 
F l e t c h e r ,  1 9 8 4 )  , t h e  a l g a l  f o u l i n g  communi t ies  on t h e  Moray 
F i r t h  Buoys were dominated  by Phaeophyceae.  I n  p a r t i c u l a r  , 
e x t e n s i v e  g r o w t h s  of t h e  e a r l y  k e l p  c o l o n i s e r  Lamina r i a  
s a c c h a r i n a  were found on t h e  buoys.  T h i s  s p e c i e s  o f  Lamina r i a  
i s  n o t  g e n e r a l l y  found on o f f s h o r e  i n s t a l l a t i o n s  where 
L . d i g i t a t a  and A l a r i a  e s c u l e n t a  a r e  t h e  most  f r e q u e n t l y  found 
l a m i n a r i a n s .  A l l  t h r e e  s p e c i e s  were found on  a t h r e e  y e a r  o l d  
j e t t y  i n  t h e  C r o m a r t y  F i r t h  ( P i c k e n ,  i n  p r e s s ) .  I t  i s  
p o s s i b l e  t h a t  t h e  g r e a t e r  e x p o s u r e  o f f s h o r e  may l i m i t  
L. s a c c h a r i n a  

H o r i z o n t a l  band ing  o f  a l g a e  on f l o a t i n g  s t r u c t u r e s  h a s  
been  r e p o r t e d  p r e v i o u s l y  ( e . g .  Mi lne ,  1940;  F l e t c h e r ,  1980 and 
T i t t l e y  a n d  F l e t c h e r ,  1 9 8 4 ) .  S i x  d i f f e r e n t  a l g a l  z o n e s  
e x t e n d i n g  upwards from t h e  w a t e r l i n e  were r e c o g n i s e d  on 
s t r u c t u r e s  i n  Langs tone  and Por t smou th  h a r b o u r s  ( F l e t c h e r ,  
1 9 8 0 ) .  Only t w o  s u c h  zones  c o u l d  b e  found ,  however ,  from t h e  
c o r r e s p o n d i n g  r e g i o n  on  t h e  Moray F i r t h  buoys .  The re  w a s  a 
n a r r o w  E c t o c a r p u s  dominated  band a t  t h e  w a t e r l i n e  and above 
t h i s  a f i l a m e n t o u s  g r e e n  a l g a l  band o f  maximum d e p t h  
a p p r o x i m a t e l y  15cm. B o t h  F l e t c h e r  ( 1 9 8 4 )  a n d  M i l n e  ( 1 9 4 0 )  
r e p o r t e d  t h e  p r e s e n c e  o f  r e d  a l g a e  i n  t h e  lowest zone  i . e .  a t  
t h e  w a t e r l i n e ,  and t h e  a b s e n c e  t h i s  zone on t h e  Moray F i r t h  
b u o y s  is  p r o b a b l y  a t t r i b u t a b l e  t o  a combina t ion  o f  t h e  s h o r t  
p e r i o d  o f  i m m e r s i o n  a n d  t h e  t o x i c i t y  o f  t h e  a n t i - f o u l i n g  
p a i n t .  

13.5. ACKNOWLEDGEMENTS 
One o f  u s  ( L . A . T e r r y )  wou ld  l i k e  t o  t h a n k  t h e  R o y a l  

S o c i e t y  f o r  a t r a v e l  g r a n t  t o  a t t e n d  t h e  3 6 t h  Annua l  AIBS 
m e e t i n g  i n  G a i n e s v i l l e .  Thanks are due  t o  t h e  C a p t a i n  and 
crew of  MV P h a r o s  f o r  t h e i r  h o s p i t a l i t y  d u r i n g  t h e  i n s p e c t i o n  
o f  t h e  n a v i g a t i o n  buoys  i n  t h e  Cromarty F i r t h  and t o  Nor the rn  
L i g h t  Vessels f o r  a r r a n g i n g  p a r t i c i p a t i o n  i n  t h e  c r u i s e .  The 
d a t a  f rom t h e  buoys  was c o l l e c t e d  by M r .  A.R. Milne.  



191 

1 3 . 6  REFERENCES 

F l e t c h e r ,  R.L., 1 9 8 0 .  T h e  a l g a l  c o m m u n i t i e s  o n  f l o a t i n g  
s t r u c t u r e s  i n  P o r t s m o u t h  a n d  L a n g s t o n e  H a r b o u r s  ( S o u t h  
c o a s t  o f  E n g l a n d ) .  I n  J . H .  P r i c e ,  D.E.G. I r v i n e  a n d  W.F. 
Farnham ( E d i t o r s ) ,  The S h o r e  E n v i r o n m e n t  Volume 2:  
E c o s y s t e m s ,  Academic P r e s s ,  London a n d  N e w  York,  p p  

F o r t e a t h ,  G.N.R. ,  P i c k e n ,  G .B . ,  R a l p h ,  R. a n d  W i l l i a m s ,  J. 
1 9 8 2 .  M a r i n e  g r o w t h  s t u d i e s  o n  t h e  N o r t h  S e a  o i l  p l a t f o r m  
M o n t r o s e  A l p h a .  M a r i n e  E c o l o g y  P r o g r e s s  S e r i e s ,  8 :  61-68. 

F o r t e a t h ,  G .N.R . ,  P i c k e n ,  G.B.  a n d  R a l p h ,  R. 1 9 8 3 .  I n t e r a c t i o n  
a n d  c o m p e t i t i o n  f o r  s p a c e  b e t w e e n  f o u l i n g  o r g a n i s m s  on  t h e  
B e a t r i c e  o i l  p l a t f o r m  i n  t h e  M o r a y  F i r t h ,  N o r t h  S e a .  
I n t e r n a t i o n a l  B i o d e t e r i o r a t i o n  B u l l e t i n ,  1 9 :  45-52. 

F o r t e a t h ,  G . N . R . ,  P i c k e n ,  G.B. and  R a l p h ,  R. 1 9 8 4 .  P a t t e r n s  o f  
m a c r o f o u l i n g  o n  s t ee l  p l a t f o r m s  i n  t h e  c e n t r a l  a n d  n o r t h e r n  
N o r t h  S e a .  I n  J . R . L e w i s  and  A.D. Mercer ( E d i t o r s ) ,  
C o r r o s i o n  a n d  M a r i n e  Growth  o n  O f f s h o r e  S t r u c t u r e s .  E l l i s  
Horwood, C h i c h e s t e r ,  pp .  10-22.  

G o l d i e ,  B.P.F. 1 9 8 1 .  A s s e s s m e n t  o f  m a r i n e  f o u l i n g  o n  g a s  
p l a t f o r m  "WE". I n :  M a r i n e  F o u l i n g  o f  O f f s h o r e  P l a t f o r m s  V o l  
11, S o c i e t y  f o r  U n d e r w a t e r  T e c h n o l o g y ,  London,  19-20 May. 

G o o d m a n ,  K.S. a n d  R a l p h ,  R.  1 9 8 1 .  A n i m a l  f o u l i n g  o n  t h e  
F o r t i e s  p l a t f o r m s .  I n :  M a r i n e  F o u l i n g  on  O f f s h o r e  
S t r u c t u r e s ,  V o l  I .  S o c i e t y  f o r  U n d e r w a t e r  T e c h n o l o g y ,  
London. 

G r i e v e ,  J. a n d  R o b e r t s o n ,  D. 1 8 6 4 .  On t h e  d i s t r i b u t i o n  of 
m a r i n e  a l g a e  o n  t h e  C.L.T. Buoys i n  t he  C l y d e .  P r o c e e d i n g s  
o f  t h e  P h i l o s o p h i c a l  S o c i e t y  o f  Glasgow,  5: 121-126. 

H a r d y ,  F.G. 1 9 8 1 .  F o u l i n g  o n  N o r t h  S e a  p l a t f o r m s .  B o t a n i c a  
M a r i n a ,  24:  173-176.  

HMSO 1 9 7 7 .  O f f s h o r e  I n s t a l l a t i o n s :  G u i d a n c e  o n  D e s i g n  a n d  
C o n s t r u c t i o n .  D e p a r t m e n t  o f  Energy  Document ,  HMSO. 

L o d g e ,  S.M. 1 9 4 9 .  Notes on  t h e  f l o r a  o f  P o r t  E r i n  b u o y s .  
R e p o r t  o f  t h e  M a r i n e  B i o l o g i c a l  S t a t i o n  P o r t  E r i n ,  6 1 :  

M i l n e ,  A. 1 9 4 0 .  The E c o l o g y  o f  t h e  Tamar E s t u a r y  I V .  The 
d i s t r i b u t i o n  o f  t h e  f a u n a  a n d  f l o r a  o n  b u o y s .  J o u r n a l  o f  
t h e  M a r i n e  B i o l o g i c a l  A s s o c i a t i o n  U . K . ,  24:  69-87. 

P i c k e n ,  G.B. 1 9 8 4 .  The o p e r a t i o n a l  a s s e s s m e n t  o f  marine g r o w t h  
o n  o f f s h o r e  s t r u c t u r e s .  I n :  P r o c e e d i n g s  o f  t h e  5 t h  I R M  
C o n f e r e n c e ,  5 - 6 t h  November 1 9 8 4 ,  A b e r d e e n .  

P i c k e n ,  G.B. i n  press. Moray F i r t h  m a r i n e  f o u l i n g  c o m m u n i t i e s .  
P a p e r  p r e s e n t e d  a t  " T h e  M a r i n e  E n v i r o n m e n t  o f  t h e  Moray  
F i r t h " .  Symposium h e l d  i n  A b e r d e e n ,  2 6 - 2 7 t h  March,  1 9 8 4  and  
t o  b e  p u b l i s h e d  i n  t h e  P r o c e e d i n g s  o f  t h e  R o y a l  S o c i e t y  o f  
E d i n b u r g h .  

P i c k e n .  G.B. .  F o r t e a t h ,  G.N.R. ,  R a l p h ,  R. a n d  S w a i n ,  G. 1 9 8 3 .  
I n  : 
t h e  
f o r  

8 43-8 7 4. 

32-33. 

F o u i i n g  b e l o w  l O O m  o n  t h e  E u r o p e a n  C o n t i n e n t a l  S h e l f .  
P r o g r e s s  i n  U n d e r w a t e r  T e c h n o l o g y ,  P r o c e e d i n g s  o f  
S u b s e a  C h a l l e n g e  C o n f e r e n c e ,  Amsterdam. S o c i e t y  
U n d e r w a t e r  T e c h n o l o g y ,  London. P a p e r  C14. 

T e r r y ,  L.A. a n d  Edyvean ,  R . G . J .  ( 1 9 8 6 ) .  R e c e n t  i n v e s t i g a t  
i n t o  t h e  e f f e c t s  o f  a l g a e  o n  c o r r o s i o n .  I n :  L.V. Evans  
K . D .  H o a g l a n d  ( E d i t o r s ) ,  Algal B i o f o u l i n g .  E l s e v  
Amsterdam. C h a p t e r  1 5 .  

o n s  
a n d  
e r r  



192 

T e r r y ,  L.A. and S e l l ,  D. i n  p r e s s ) .  Rocky S h o r e s  i n  t h e  Moray 
F i r t h .  P a p e r  p r e s e n t e d  a t  "The M a r i n e  E n v i r o n m e n t  o f  t h e  
Moray F i r t h "  Symposium h e l d  o n  27-28th  March 1 9 8 5 ,  A b e r d e e n  
a n d  t o  b e  p u b l i s h e d  i n  P r o c e e d i n g s  o f  t h e  R o y a l  S o c i e t y  o f  
Ed i n b u r g  h . 

T i t t l e y ,  I. a n d  F l e t c h e r ,  R.L. 1 9 8 4 .  S u l l o m  V o e  O i l  T e r m i n a l ,  
S h e t l a n d :  b e n t h i c  m a r i n e  a l g a l  f o u l i n g  c o m m u n i t i e s .  I n :  
P r o c e e d i n g s  o f  6 t h  I n t e r n a t i o n a l  C o n g r e s s  on  M a r i n e  
C o r r o s i o n  a n d  F o u l i n g ,  M a r i n e  B i o l o g y ,  A t h e n s ,  p p .  65-79. 

W o l f r a m ,  J. a n d  T h e o p h a n a t o s ,  A. 1985.  The e f f e c t s  o f  m a r i n e  
f o u l i n g  o n  t h e  f l u i d  l o a d i n g  o f  c y l i n d e r s :  some 
e x p e r i m e n t a l  r e s u l t s .  I n :  P r o c e e d i n g s  o f  t h e  1 7 t h  A n n u a l  
OTC, H o u s t o n ,  T e x a s ,  P a p e r  4954. 


