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Chapter 16  

DIATOM COMMUNITIES ON STEEL PROTECTED FROM CORROSION IN SEAWATER 

R.G.J.EDYVEAN. DEPARTMENT OF METALLURGY 
UNIVERSITY OF SHEFFIELD, SHEFFIELD U.K. S1 3JD. 

16.1 INTRODUCTION 

There is a large body of work comparing micro-algal settlement (especially 

diatoms) on different substrata in freshwater (Blinn et a1.,1980; Moore, 1976; 

Brown, 19761, however,only recently has this quantitative and qualitative work 

been extended to marine habitats (Neushul et.a1.,1976; Santelices et.a1.,1981; 

Edyvean et.a1.,1985). The development of oil and gas production in the seas 

around Britain has led to a renewed interest in the effects of marine fouling of 

steel structures in seawater, especially the influence of microfouling upon 

subsequent macrofouling, and in the relationship between fouling organisms and 

the corrosion of steel (Houghton, 1978; Ralph & Troake. 1980; Terry & Edyvean, 

1984). 

A surface placed in the sea immediately undergoes complex physical and 

chemical interactions, resulting in d 

absorbed/adsorbed onto the surface and 

characteristics of the substratum (Loeb 

interactions, bacteria, diatoms and other 

substratum (Floodgate, 1971; Cuba & Blake, 

ssolved organic material being 

changing the electrostatic and other 

& Neihof, 1977). Following these 

microorganisms begin to col onise the 

983). Diatoms usually comprise the 

greatest percentage of microalgal colonisation and can be present in large 

numbers within a few days of immersion (Cuba & Blake, 1983). This colonisation, 

known as the primary film, can considerably influence the physical and chemical 

conditions at the surface (Terry & Edyvean, 1984; Edyvean, 1984) and may 

influence macrofouling settlement and development, by chemical, nutrient (Young 

& Mitchell, 1973) or  surface tension changes (Fletcher et al., 1984). 
The methods used to protect steel structures from corrosion in seawater are 

barrier paints, cathodic protection, or a combination of both. Anti-corrosion 

barrier paint systems are usually coal-tar epoxy coatings used in conjunction 

with cathodic protection. Cathodic protection counteracts the normal 

electrochemical corrosion reaction by forcing the steel to become cathodic with 

respect to a sacrificial or inert anode. Sacrificial anodes are pieces of metal, 

such as Magnesium, Aluminium or Zinc alloys which, when in electrical connection 

with the structure, will corrode in preference to the steel. Inert dnOdeS are 

used with a DC electrical current which is driven through the structure in the 

opposite direction to the normal corrosion current. The relative surface area 

and distance between the anode and the structure to be protected is dependant on 
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the  proper t ies  of the e l e c t r o l y t e  ( t h e  seawater). Protect ion w i l l  cease i f  the 
e l e c t r o l y t e  is removed (eg.  by a receding t i d e )  a s  the  electrochemical c i r c u i t  
is broken. Both systems generate a high pH a t  the metal surface caused by the 
reduction of oxygen t o  form hydroxyl ions ( t h e  cathodic reac t ion)  and s ince  the 
s o l u b i l i t y  of most inorganic compounds, espec ia l ly  calcium and magnesium 

carbonates, decreases w i t h  increasing pH, calcareous deposi ts  ("scale")  w i l l  

form on the  protected s t e e l .  This s c a l e  is insoluble  a t  normal seawater pH and 
can be an a id  t o  corrosion prevention. 

Many offshore o i l  and gas platforms i n  the  North Sea a r e  protected by a 

combination of coal- tar  epoxy pa in ts  and z inc  s a c r i f i c i a l  anodes. This presents 
th ree  possible  subs t ra ta  f o r  colonisat ion by marine foul ing organisms, a 
calcareous s c a l e  formed on cathodical ly  protected s t e e l ,  a painted s t e e l  
sur face ,  and a combination of the two systems i n  which calcareous s c a l e  f i l l s  
any cracks i n  the paint .  The study presented here assesses  diatom settlement on 
these surfaces  together with Perspex a s  a control  a t  two s i t e s ,  one 
continuously submerged and the  other  i n  the  i n t e r t i d a l  zone. 

Fig. 16.1.  S i t e  of s u b s t r a t a  exposure. 
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16.2 MATERIALS AND METHODS 
16.2.1 P r e p a r a t i o n  of s u b s t r a t a  

Perspex and steel  s u b s t r a t a  were c u t  t o  a s t a n d a r d  s i z e  (8cm.x 2.5cm.x 
0.3cm) w i t h  lcm. h o l e s  d r i l l e d  a t  one end f o r  suspending  on r acks  or mounting 
onto  exposure pane ls .  The s t e e l ,  t o  BS 4360/43A s p e c i f i c a t i o n  was abraded t o  
b r i g h t  metal and p r o t e c t e d  from c o r r o s i o n  by: ( a )  connec t ion  t o  Zinc  s a c r i f i c i a l  
anodes, ( b )  c o a t i n g  w i t h  an epoxy coa l  t a r  p a i n t ,  or ( c )  p r o t e c t e d  by a 

combination of bo th  systems. When used, anodes were pos i t i oned  i n  such  a way as 
t o  ensure  even p r o t e c t i o n  (even c u r r e n t  d e n s i t y )  over a l l  steel specimens. A l l  

s u b s t r a t a  were c leaned  be fo re  use  by immersion i n  concen t r a t ed  s u r f a c t a n t  (Decon 
90) f o r  t e n  minutes ,  washed i n  ho t  running  water, r i n s e d  i n  two changes of 
a b s o l u t e  e t h a n o l ,  a i r  d r i e d  and s t o r e d  i n  a d e s i c c a t o r  u n t i l  r equ i r ed .  

16.2.2 Exposure sites 
S u b s t r a t a  were exposed a t  two si tes:  On r a c k s  i n  50 cm. deep cont inuous ly  

flowing seawater  t anks  a t  t h e  Dove Marine Labora tory ,  C u l l e r c o a t s ,  Tyne and Wear 
(Gr id  Ref. NZ366717) o r  b o l t e d  t o  Perspex p a n e l s  f i x e d  t o  rocks  i n  t h e  

i n t e r t j d a l  zone a t  St.Mary's I s l a n d  ( G r i d  Ref. NZ353755). Both s i tes  are on t h e  
nor th-eas t  c o a s t  of England (F ig .16 .1) .  S u b s t r a t a  were exposed f o r  s e q u e n t i a l  25 
day pe r iods  between June  1980 and January  1982, f o r  t h e  cont inuous ly  submerged 
s i te ,  and f o r  f o u r  25 day pe r iods  du r ing  1981 a t  t h e  i n t e r t i d a l  s i te .  These were 
t h e  25 days ending 8 t h .  January ,  19 th .  May, 3rd .  August and 10th.  December 1981. 

16.2.3 Assesment of s e t t l e m e n t  
T o t a l  a l g a l  coun t s  were made throughout  1981 a t  both  si tes.  Community 

composition was as ses sed  f o r  each  exposure pe r iod  between June  1980 and June  
1981 f o r  the  submerged s u b s t r a t a  and throughout  1981 f o r  t h e  i n t e r t i d a l l y  
exposed s u b s t r a t a .  Microa lga l  s e t t l e m e n t  was as ses sed  q u a n t i t a t i v e l y  by us ing  
t h e  d i r e c t  count on membrane f i l t e r  method of Jones  (1979) and q u a l i t a t i v e l y  
us ing  scanning  e l e c t r o n  microscopy. R e p l i c a t e  p l a t e s  of t h e  f o u r  s u b s t r a t a  
( t h r e e  a t  t h e  i n t e r t i d a l  s i t e ) ,  were removed a t  each sample d a t e  and s t o r e d  i n  

0.45pm membrane-fi l tered seawater c o n t a i n i n g  Lugol ' s  i od ine .  Algae were removed 
from each p l a t e  w i th  a small nylon b r i s t l e  brush  i n t o  known q u a n t i t i e s  of 
membrane f i l t e r e d  seawater c o n t a i n i n g  Lugol ' s  i od ine .  The r e s u l t i n g  suspens ions  
were d i l u t e d  as necessa ry ,  and t h r e e  r e p l i c a t e  5 m l .  samples passed through 13 
mm. d iameter  0 . 4 5 ~  M i l l i p o r e  f i l t e r s .  The f i l t e r s  were p laced  on microscope 
s l i d e s ,  a i r  d r i e d  and c l e a r e d  wi th  cedarwood o i l .  Algal counts  and 
i d e n t i f i c a t i o n  were made f o r  50 f i e l d s  of view a t  X400 us ing  a Vickers  M17 
microscope and t h e  number of organisms on t h e  o r i g i n a l  subs t ra tum ca lcu la t ed .  
Sub samples were washed i n  a 20% s o l u t i o n  of e thano l  con ta in ing  2% s u r f a c t a n t ,  
f i l t e r e d  on to  0.2pm pore  s i z e  'qNucleopore'l po lyca rbona te  f i l t e r s ,  a i r  d r i e d ,  
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gold coa ted  and t h e  a l g a e  i d e n t i f i e d  us ing  a J E O L  JSM 1 Scanning E lec t ron  
Microscope. Diatoms were i d e n t i f i e d  t o  gene ra ,  and t o  s p e c i e s  whenever p o s s i b l e ,  
and a l l  i n d i v i d u a l s  were counted whether s o l i t a r y  o r  c o l o n i a l .  Other u n i c e l l u l a r  
a lgae  (g reen ,  blue-green and a l g a l  s p o r e s )  were counted a s  i n d i v i d u a l s  whi le  
each p i ece  of a f i l amen tous  a l g a  o r  macroalgal germl ing  was counted as one u n i t .  

16.3 RESULTS 
16.3.1 To ta l  mic roa lga l  counts  

Microa lga l  communities developed t o  a g r e a t e r  or l e s s e r  ex ten t  on a l l  
s u b s t r a t a ,  depending on t h e  t ime of yea r ,  bu t  no macrofoul ing  was found dur ing  
the  25 day exposure pe r iods .  Co lon i sa t ion  was r a p i d  a t  both s i tes  with a 
l a y e r i n g  p rocess  t a k i n g  p l ace ,  i n  which t h e  i n i t i a l  c o l o n i s i n g  s p e c i e s  a r e  
overgrown by d i f f e r e n t  s p e c i e s .  I t  was no t i ced  t h a t  wh i l e  c o l o n i s a t i o n  tended t o  
be uniform on t h e  cont inuous ly  submerged s u b s t r a t a ,  c o l o n i s a t i o n  was more 
clumped and pa tchy  on t h e  i n t e r t i d a l l y  exposed s u b s t r a t a .  

To ta l  numbers of microa lgae  p re sen t  on t h e  cont inuous ly  submerged s u b s t r a t a  
are shown i n  Figure.16.2 ( A ) .  Counts were h i g h e s t  (98,400 pe r  sq.cm.1 f o r  t h e  25 
day per iod  p r i o r  t o  t h e  16th.May 1981 on c a t h o d i c a l l y  p ro tec t ed  pa in t ed  s t e e l .  
The lowes t  va lue  of 1,200 per  sq.cm. was f o r  t h e  25 days p r i o r  t o  t h e  
14th.August 1981 on t h e  same subs t ra tum.  There were t y p i c a l  seasonal  
f l u c t u a t i o n s  i n  microa lgae  on a l l  s u b s t r a t a ,  w i t h  peaks i n  t h e  l a t e  s p r i n g  and 
l a t e  autumn. Counts of microa lgae  on t h e  i n t e r t i d a l l y  exposed s u b s t r a t a  are 
shown i n  F i g u r e  16.2 (B). Counts were h i g h e s t  (41,800 pe r  sq.cm.) f o r  t h e  25 day 
period p r i o r  t o  t h e  19th .  May 1981 on Perspex and lowes t  (817 per  sq.cm.) f o r  
t he  25 day pe r iod  p r i o r  t o  3rd .  August 1981 on  c a t h o d i c a l l y  p ro tec t ed  s t e e l .  On 
t h e s e  i n t e r t i d a l  s u b s t r a t a ,  s easona l  f l u c t u a t i o n s  were on ly  found on perspex. 

The counts  were ana lysed  t o  de te rmine  any s i g n i f i c a n c e  i n  t h e  d i f f e r e n c e s  
between s u b s t r a t a  (One way a n a l y s i s  of va r i ance  on p a i r s  of s u b s t r a t a ,  Sokal and 
Rohlf,  1969).  On t h e  cont inuous ly  submerged s u b s t r a t a ,  c a t h o d i c a l l y  p ro tec t ed  
steel had s i g n i f i c a n t l y  lower l e v e l s  of a l g a e  than  t h e  o t h e r  s u b s t r a t a  (P<O.OOl 
f o r  perspex, P<0.02 f o r  c a t h o d i c a l l y  p r o t e c t e d  pa in t ed  steel  and P<O.l f o r  
pa in ted  s t e e l )  bu t  there were no s i g n i f i c a n t  d i f f e r e n c e s  between t h e  o t h e r  
s u b s t r a t a .  A t  t h e  i n t e r t i d a l l y  exposed s i te  a l g a l  numbers were s i g n i f i c a n t l y  
g r e a t e r  on Perspex than  t h e  o t h e r  s u b s t r a t a  du r ing  t h e  summer months ( P < O . O O l )  

but no t  when compared over a l l  exposure pe r iods ,  nor were there any s i g n i f i c a n t  
d i f f e r e n c e s  between t h e  o t h e r  s u b s t r a t a .  

Fig.16.2. (Oppos i t e ) .  Microa lga l  numbers on s u b s t r a t a  exposed dur ing  1981, 
(A) .cont inuous ly  submerged and (B) exposed i n t e r t i d a l l y .  0- 0 Perspex. 
A- - - --- A P a i n t e d  s teel .  A-- - - --A C a t h o d i c a l l y  p r o t e c t e d  pa in t ed  s t e e l .  
0-0 Cathod ica l ly  p r o t e c t e d  steel. 
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Fig .  16 .3 .  R e l a t i v e  seasonal  abunaance of' non-diatom a lgae  a s  a percentage  of 
t o t a l  mic roa lga l  c o l o n i z a t i o n  on s u b s t r a t a  A )  Cont inuous ly  submerged and B) 
exposed i n t e r t  i d a l l  y .  
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16.3.2 Community composi t ion  
The p ropor t ion  of t h e  communities made up of diatoms and o t h e r  microa lgae  

averaged over a l l  exposure pe r iods  a r z  g iven  i n  Tab le  16.1. 

TABLE 16.1 
Average pe rcen tage  of mic roa lga l  groups on A .  Cont inuous ly  submerged s u b s t r a t a  
and B. I n t e r t i d a l l y  exposed s u b s t r a t a .  PX = Perspex ,  PU = Pa in ted  s teel ,  PP = 

Cathod ica l ly  p r o t e c t e d  pa in t ed  s t e e l ,  CS = Cathod ica l ly  p r o t e c t e d  s t e e l .  

PX PU PP cs 
A 
DIATOMS 64.4 53.7 56.3 46.4 
OTHER UNICELLULAR ALGAE 34.9 44.9 42.4 52.2 
MULTICELLULAR ALGAE 0.7 1 . 4  1 - 3  1 . 4  

B 

DIATOMS 66.8 - 51 .O 49.2 

OTHER UNICELLULAR ALGAE 28.6 - 36.6 44.1 
MULTICELLULAR ALGAE 4.6 12.4 6.7 - 

A t  bo th  s i t e s  diatoms a r e  i n  g r e a t e s t  abundance on Perspex and l e a s t  abundant 
on c a t h o d i c a l l y  p r o t e c t e d  s t ee l ,  making up between.468 and 67% of t h e  t o t a l  
a l g a l  communities. There is, however, cons ide rab le  seasona l  v a r i a t i o n ,  wi th  
o the r  a l g a e  ( u n i c e l l u l a r  green and blue-green a lgae ,  a l g a l  spo res  and 
f i lamentous  green and r e d  a l g a e  which may or may not  have been a c t i v e l y  
a t t a c h i n g  t o  t h e  s u b s t r a t a )  making up very h igh  p ropor t ions  of t h e  communities 
a t  c e r t a i n  times of t h e  yea r ,  e s p e c i a l l y  on t h e  i n t e r t i d a l l y  exposed s u b s t r a t a  
(F igu re  16 .3) .  

The average  composition of diatom communities is shown i n  Table  16.2 for  t h e  

cont inuous ly  submerged s u b s t r a t a  and i n  Table  16 .3  f o r  t h e  i n t e r t i d a l l y  exposed 
s u b s t r a t a .  18 gene ra  of diatoms were found, 17 on t h e  submerged s u b s t r a t a  and 1 1  

on t h e  i n t e r t i d a l l y  exposed s u b s t r a t a .  10 were common t o  both  s i tes ,  but  only 6 
averaged more than  5% on any of t h e  s u b s t r a t a  communities. 

The most prominent diatoms were Navicula  spp. ( p a r t i c u l a r l y  N .  R r e v i l l e i  
(Agardh) Cleve  found both  a s  i n d i v i d u a l s  and i n  c o l o n i a l  cha ins )  which averaged 
between 55% and 67% of t h e  diatom t o t a l  on t h e  con t inuous ly  submerged s u b s t r a t a  
and between 80% and 86% of diatoms on t h e  i n t e r t i d a l l y  exposed s u b s t r a t a .  Other 

diatoms which formed 55 or more of diatom communities are C s p y l o d i s c u s  
f a s t u o s u s  Ehrenb.,  P a r a l i a  s u l c a t a  (Ehrenb.)  Cleve .  and Gyl indro theca  c los t e r ium 
(Ehrenb.) Reiman and Lewin on cont inuous ly  submerged s u b s t r a t a  and Cocconeis 



TABLE 16.2 

Average p e r c e n t a g e  c o m p o s i t i o n  of d ia tom communit ies  on c o n t i n u o u s l y  submerged- 

s u b s t r a t a .  PX = P e r s p e x ,  PU = P a i n t e d  s t ee l ,  PP = C a t h o d i c a l l y  p r o t e c t e d  p a i n t e d  

s teel ,  CS = C a t h o d i c a l l y  p r o t e c t e d  s teel .  * = P l a n k t o n i c  a c c o r d i n g  t o  Hendey 

(1974) .  

PX PU PP cs 

N a v i c u l a  spp .  

Cocconeis  s p p  

Melosira spp .  

- Campylodiscus f a s t u o s u s  

-- D i p l o n e i s  s p .  

P a r a l i a  s u l c a t a  

Act i noplychus  s e n a r i  us .  * 
Pleuros igmn s p p .  

- C y l  i n d r o t h e c a  clos te r i  um 
-- B i d d u l p h i a  r e g i h . *  

L m p h r a  SPP. 
N i t z s c h i a  s p p .  

- _  Amphiprora a l a t a  

Achnanthes  s p p .  

-- Licmophora s p .  

R h i z o s o l  e n i a  s p .  * 
C h a e t d c e r o s  sp .*  

Unknown 

54.953 

3.097 

0.943 

2.323 

1.190 

4.788 

0.071 

0.808 

24.002 

0.036 

0.915 

1.038 

0.049 

0.987 

0 

0 

0.345 

4.455 

62.106 

2.561 

1.139 

4.698 

1.038 

6.087 

0.233 

1.391 

12.843 

0.208 

1.074 

2.508 

0.029 

0.466 

0 

0.029 

0.600 

2.990 

59.244 

3.499 

0.944 

4.923 

1.078 

4.507 

0.263 

0.699 

18.173 

0 033 

0.747 

2.513 

0 

0.828 

0 

0 

0.130 

2.419 

66.847 

3.991 

0.777 

4.549 

1.143 

4.873 

0.593 

1.31 1 

9.393 

0 * 033 

0.838 

2.051 

0 

0.131 

0 

0.065 

0 

3.406 

s p p . ,  M e l o s i r a  s p p .  and Achnanthes  spp .  on  t h e  i n t e r t i d a l l y  exposed s u b s t r a t a .  

Some diatoms showed d i s t i n c t  s i t e  p r e f e r e n c e s .  Both C y l i n d r o t h e c a  closterium and 

m p y l o d i s c u s  f a s t u o s u s  were a lmost  e n t i r e l y  r e s t r i c t e d  t o  t h e  c o n t i n u o u s l y  

submerged s u b s t r a t a  where t h e y  o c c u r r e d  i n  q u i t e  h i g h  numbers. O t h e r  less 
abundant  d i a t o m s  s u c h  a s  Amphora s p p . ,  N i t z s c h i a  s p p . ,  A_mphiprora a la ta  Kutz,  

-sole n i a  s p . ,  and maet ocerm s p .  were a l s o  r e s t r i c t e d  t o  t h e  c o n t i n u o u s l y  
submerged s u b s t r a t a .  

Some d i a t o m s  show s e a s o n a l  p e a k s  i n  abundance ( F i g s .  16.4 and 16.5). N a v i c u l a  
spp .  are more dominant  i n  t h e  summer a s  are C y l i n d r o t h e c a  c l o s t e r i u m  and 

Campylodiscus  f a s t u o s u s  ( F i g .  16.4). C o c c o n e i s  s p p . ,  P a r a l i a  s u l c a t a  and 

Melosira s p p .  show w i n t e r  peaks  a t  b o t h  s i tes  ( F i g  16.4 and 16.5). 

Some s p e c i e s  show a s u b s t r a t u m  p r e f e r e n c e ;  On t h e  c o n t i n u o u s l y  submerged 
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TABLE 16.3 

Average p e r c e n t a g e  c o m p o s i t i o n  of d i a t o m  communi t ies  on  i n t e r t i d a l l y  exposed  

s u b s t r a t a .  PX = P e r s p e x ,  PP = C a t h o d i c a l l y  p r o t e c t e d  p a i n t e d  s t e e l ,  CS = 

C a t h o d i c a l l y  p r o t e c t e d  s t e e l .  * = P l a n k t o n i c  a c c o r d i n g  t o  Hendey (1974). 

PX PP cs 

N a v i c u l a  s p p .  

C o c c o n e i s  s p p  

M e l o s i r a  s p p .  

m p y l o d i s c u s  f a s t u o s u s  

D i p l o n e i s  s p .  

P a r a l i a  s u l c a t a  

Acti nopJychus s e n a r i  us.  * 
P 1 e u r  0s  i gmna s pp . 
C y l i n d r o t h e c a  c l o s t e r i u m  

-- B i d d u l p h i a  reg&.*  

-- Amphora s p p .  

N i t z s c h i a  s p p .  

_ _  Amphiprora a l a t a  
Achnanthes  s p p .  

-- Licmophora s p .  

R h i z o s o l e n i a  s p . *  

C h a e t o c e r o s  s p . *  

Unknown 

86.120 

3.450 

0.'704 

0 

0 

3.378 

0.674 

0 

0 

0 

0 

0 

0 

5.634 

0.038 

0 

0 

0 

79.689 

6.591 

7.869 

0.769 

1.270 

0.769 

0.385 

1.154 

0 

0.253 

0 

0 

0 

1.247 

0 

0 

0 

0 

80.034 

4.315 

3.659 

0 

0 

4.762 

0 

2.381 

0 

0 

0 

0 

0 

4.849 

0 

0 

0 

0 

s u b s t r a t a  C a m p y l o d i s c u s  f a s t u o s u s  c o m p r i s e s  a h i g h  p r o p o r t i o n  of  t h e  d i a t o m s  on  
a l l  s u b s t r a t a  e x c e p t  p e r s p e x  t o  t h e  20% s i g n i f i c a n c e  l e v e l  o v e r a l l  (P<0.2), b u t  

w i t h  g r e a t e r  d i f f e r e n c e s  a t  c e r t a i n  times of t h e  y e a r .  N i t z s c h i a  s p .  is a l s o  

more a b u n d a n t  on s u b s t r a t a  o t h e r  t h a n  p e r s p e x ,  b u t  t h e s e  d i f f e r e n c e s  are  n o t  

s i g n i f i c a n t .  C y l i n d r o t h e c a  c l o s t e r i u m  however ,  i s  more a b u n d a n t  on  p e r s p e x  t h a n  

t h e  o t h e r  s u b s t r a t a  (P<0.05 f o r  c a t h o d i c a l l y  p r o t e c t e d  s t e e l ,  P<O.2 f o r  p a i n t e d  

s t e e l ,  n o t  s i g n i f i c a n t  f o r  c a t h o d i c a l l y  p r o t e c t e d  p a i n t e d  s t e e l ) .  C y l i n d r o t h e c a  

c l o s t e r i u m  is  a l s o  more a b u n d a n t  on  c a t h o d i c a l l y  p r o t e c t e d  p a i n t e d  s tee l  t h a n  on  
c a t h o d i c a l l y  p r o t e c t e d  s t e e l  (Pc0.02). On I n t e r t i d a l l y  exposed  s u b s t r a t a  b o t h  
P a r a l i a  s u l c a t a  a n d  Achnanthes  s p p .  a re  l o w e r  i n  abundance  o n  c a t h o d i c a l l y  

p r o t e c t e d  p a i n t e d  steel  t h a n  o n  t h e  o t h e r  s u b s t r a t a  w h i l e  C o c c o n e i s  s p p .  and 

Melosira s p p .  are  h i g h e s t  o n  t h i s  S u b s t r a t u m .  S e v e r a l  diatoms were o n l y  f o u n d  o n  

c a t h o d i c a l l y  p r o t e c t e d  p a i n t e d  s t e e l ,  t h e s e  were B i d d u l p h i a  r e g i a  ( S c h u l t z e )  
O s t e n f e l d . ,  D i D l o n e i s  s p . ,  a n d  C s p y l o d i s c u s  r a s t u o s u s .  
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16.5 DISCUSSION 
1 6.5.1 M i  c r o a l  ga l  counts  

Microa lga l  c o l o n i s a t i o n  v a r i e s  cons ide rab ly  w i t h  season .  The lowes t  counts  
being 817 a l g a e  per s q .  cm. and t h e  g r e a t e s t  98,400 a lgae  per sq. cm. The 
r e s u l t s  f o r  t h e  cont inuous ly  submerged s u b s t r a t a  show t h e  t y p i c a l  seasonal  
f l u c t u a t i o n  i n  numbers expec ted  of tempera te  microa lga l  communities w i t h  a 
springlsummer "bloom" (Fig.16.2A). However, a t  t h e  i n t e r t i d a l  s i t e ,  t h e s e  
seasonal  d i f f e r e n c e s  were found on ly  on perspex (Fig.16.2B).  The c a t h o d i c a l l y  
p ro tec t ed  and c a t h o d i c a l l y  p r o t e c t e d  pa in t ed  s teels  d i d  no t  show any seasonal  
i n c r e a s e s ,  and t h e r e  was even a tendancy t o  dec rease  i n  numbers over  t h e  summer. 
These d i f f e r e n c e s  may be due t o  t h e  e l ec t rochemis t ry  of c a t h o d i c a l l y  p ro tec t ed  
s t e e l ,  whether pa in t ed  or n o t ,  where a l t e r n a t i n g  immersion and exposure w i l l  

a f f e c t  t h e  performance of t h e  c a t h o d i c  p r o t e c t i o n .  E l e c t r i c a l  conduc t iv i ty  is 
l o s t  when t h e  s u b s t r a t a  are uncovered by t h e  r eced ing  t i d e  and t h i s  w i l l  r e s u l t  
i n  l a r g e  changes i n  pH, e l e c t r i c a l  charge  and o t h e r  chemical r e a c t i o n s  a t  t h e  
s u r f a c e s .  The chemical changes t h a t  occur on c a t h o d i c a l l y  p ro tec t ed  steel  may 
exp la in  t h e  s i g n i f i c a n t l y  lower c o l o n i s a t i o n  on cont inuous ly  submerged 
ca thod ica l ly  p r o t e c t e d  s t e e l  t han  on o t h e r  con t inuous ly  submerged s u b s t r a t a ,  
e s p e c i a l l y  perspex ( P < O . O O l  ) .  High pH va lues  and p r e c i p i t a t i n g  calcium carbonate  
c r e a t e  unfavourable  c o n d i t i o n s  f o r  a l g a l  s e t t l e m e n t  and t r a p  i n i t i a l l y  s e t t l i n g  
a lgae  (Edyvean, 1984) .  Th i s  w i l l  a f f e c t  bo th  r ec ru i tmen t  and r ep roduc t ion .  

16.5.2 Diatom communities 
Diatoms are t h e  main c o n s t i t u e n t s  of t h e  mic roa lga l  communities, averaging  

j u s t  over 50% of t o t a l  a lgae .  A t  bo th  sites diatoms were l e a s t  abundant on 
c a t h o d i c a l l y  p r o t e c t e d  steel  and most abundant on perspex .  T h i s  may r e f l e c t  a 
g r e a t e r  a b i l i t y  of diatoms t o  a c t i v e l y  choose a subs t ra tum.  Diatoms are widely 
r epor t ed  as t h e  dominant f i r s t  a l g a l  c o l o n i s e r s ,  bo th  on n a t u r a l  (Scheer,1945, 
S a n t e l i c e s  e t .a l .1981 , )  and a r t i f i c i a l  s u b s t r a t a  (Neushul e t  a1 . (1976) ,  however 
the  numbers and r o l e  of o the r  a l g a e  t ends  t o  be over looked  i n  e a r l y  c o l o n i s a t i o n  
s t u d i e s .  Desp i t e  t h e  gene ra l  preponderance of diatoms a t  both s i t e s ,  o t h e r  
u n i c e l l u l a r  a l g a e ,  a l g a l  spo res  and microscopic  mu1 t i c e l l u l a r  a l g a e  formed a 
very high p ropor t ion  of t h e  communities a t  c e r t a i n  times of t h e  year  (F ig .  
16 .3) .  These i n c r e a s e s  tended  t o  occur du r ing  t h e  win te r  months when t o t a l  
c o l o n i s a t i o n  is low. An excep t ion  t o  t h i s  was f o r  the cont inuous ly  submerged 
s u b s t r a t a  i n  m i d  summer ( June )  1980. Again t h i s  may have co inc ided  wi th  a drop 
i n  t o t a l  c o l o n i s a t i o n  which is o f t e n  encountered  i n  mid summer, s e p a r a t i n g  
s p r i n g  and autumn "blooms" (There  was no marked mid summer f a l l  i n  t o t a l  

F ig .  16.4.  (Oppos i t e )  R e l a t i v e  abundance of diatoms on cont inuous ly  submerged 
s u b s t r a t a .  PX = perspex ,  PU = p a i n t e d  s t ee l ,  PP = c a t h o d i c a l l y  p ro tec t ed  pa in t ed  
s t e e l ,  CS = c a t h o d i c a l l y  p r o t e c t e d  s t e e l .  
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c o l o n i s a t i o n  i n  1981 1. 

A t o t a l  of 18 d ia tom t a x a  were found a t  0 0 t h  s i tes ,  however o n l y  s e v e n  groups  

( N a v i c u l a  s p p .  C y l i n d r o t h e c a  c l o s t e r i u g ,  Cocconeis  s p p . ,  M e l o s i r a  s p p . ,  
- Campylodiscus f a s t u o s u s ,  P a r a l i a  s u l c n t a  and Achnanthes  s p p . )  make any 

s i g n i f i c a n t  c o n t r i b u t i o n  t o  t h e  communit ies ,  and t h e s e  are a l m o s t l y  c o m p l e t e l y  
dominated by N a v i c u l a  s p p . .  The d i v e r s i t y  is  lower for  t h e  i n t e r t i d a l  s i t e  t h a n  

for  t h e  c o n t i n u o u s l y  submerged s u b s t r a t a  w i t h  h i g h e r  l e v e l s  of N a v i c u l a  spp .  
( T a b l e s  16.2 and 1 6 . 3 ) .  Most of t h e  d i a t o m s  show some s e a s o n a l  p r e f e r e n c e  
(F igs .16 .4  and 1 6 . 5 ) ,  C y l i n d r o t h e c a  c l o s t e r i u m  is most prominent  d u r i n g  t h e  
summer months r e a c h i n g  62.5% of  d i a t o m s  (49 .6% of  t o t a l  a l g a e )  i n  t h e  25 d a y s  t o  
1 6 t h  May 1981 on  c o n t i n u o u s l y  submerged p e r s p e x .  C s p y l o d i s c u s  f a s t u o s u s  1s 
also most prominent  i n  t h e  summer w h i l e  C o c c o n e i s  s p p . ,  N i t z s c h i a  spp . ,  P a r a l i a  

s u l c a t a ,  Achnanthes  spp .  P l e u r o s i g m a  spp .  and M e l o s i r a  s p p .  t e n d  t o  be  more 
prominent  d u r i n g  t h e  w i n t e r .  

The number of t a x a  found i n  t h i s  work i s  c o n s i d e r a b l y  lower t h a n  f o r  diatom 
communit ies  r e p o r t e d  f rom f r e s h w a t e r  and s a l t  marsh envi ronments  ( S u l l i v a n ,  
1977; C z a r n e c k i ,  1979) .  However, S u l l i v a n  (1977)  f o u n d  t h a t  t h e  number of diatom 
t a x a  d e c r e a s e s  a s  s a l i n i t y  i n c r e a s e s  and i n  t h e  m a r i n e  envi ronment ,  Cal low 

(1984)  h a s  f o u n d  15 g e n e r a  of d i a t o m s  on n o n - t o x i c  p a n e l s  exposed a t  S a n  
F r a n s i s c o ,  of which 5 g e n e r a  were dominant .  S i m i l a r  r e s u l t s  were found fo r  J a p a n  
and A u s t r a l i a ,  w h i l e  on  t h e  s o u t h  c o a s t  of England two s p e c i e s  of N a v i c u l a  
dominated n o n - t o x i c  s u r f a c e s  (Callow, 1984) .  

T h e r e  a p p e a r s  t o  be  l i t t l e  d i f f e r e n c e  i n  d ia tom community composi t ion  between 
t h e  s u b s t r a t a ,  due  l a r g e l y  t o  t h e  dominance of N a v i c u l a  spp.  T h i s  is  i n  
agreement  w i t h  t h e  f i n d i n g s  of Edyvean and Moss (1986)  and  o t h e r  a u t h o r s  
(Tuchman and B l i n n ,  1979. ,  B l i n n  e t . a 1 . , 1 9 8 0 . ,  S u l l i v a n ,  1975)  who have used  a 
S i m i l a r i t y  I n d e x  t o  compare diatom communit ies  and found h i g h  c o r r e l a t i o n s  
between v a r i o u s  n o n - t o x i c  s u b s t r a t a .  Both  Wetzel  & Westlake (1969)  and Neushul 
et  a1 . (1976)  p o i n t  o u t  t h a t  t h e r e  can be  l a r g e  d i f f e r e n c e s  i n  t h e  numbers of 
organisms on  d i f f e r e n t  s u b s t r a t a ,  b u t  s p e c i e s  c o m p o s i t i o n  is o f t e n  s i m i l a r .  

Al though t h e  c o m n u n i t i e s  are v e r y  similar o v e r a l l ,  some diatom s p e c i e s  do 

show s i t e  and s u b s t r a t u m  p r e f e r e n c e s .  C s p y l o d i s c u s  f a s t u o s u s  and C y l i n d r o t h e c a  
c l o s t e r i u m  are two s p e c i e s  which show both .  They are v i r t u a l l y  a b s e n t  on  t h e  
i n t e r t i d a l l y  exposed  s u b s t r a t a  b u t  r e a c h  h i g h  l e v e l s  on  t h e  c o n t i n u o u s l y  
submerged s u b s t r a t a .  C y l i n d r o t h e c a  c l o s t e r i u m  shows a marked p r e f e r e n c e  f o r  

perspex  t h a n  t h e  o t h e r  s u b s t r a t a  w h i l e  C s p y l o d i s c u s  f a s t u o s u s  is l o w e s t  on  
perspex .  Such s u b s t r a t u m  p r e f e r e n c e s  i n d i c a t e  e i t h e r  an a c t i v e  c h o i c e  by some 
dia toms s p e c i e s ,  or  t h a t  t h e  p h y s i c a l  and chemica l  c o n d i t i o n s  of t h e  s u b s t r a t a  

F i g .  16.5. ( O p p o s i t e )  R e l a t i v e  abundance of d i a t o m s  on s u b s t r a t a  exposed 
i n t e r t i d a l l y .  PX = p e r s p e x ,  PU = p a i n t e d  s t ee l ,  PP = c a t h o d i c a l l y  p r o t e c t e d  
p a i n t e d  s t ee l ,  CS = c a t h o d i c a l l y  p r o t e c t e d  s teel .  
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encourage  o r  d i s c o u r a g e  s e t t l e m e n t  or en t rapment  of c e r t a i n  s p e c i e s .  
C y l i n d r o t h e c a  c l o s t e r i u m  forms c l o s e l y  a d h e r e n t  c o l o n i e s  and seems t o  f a v o u r  
smooth s u b s t r a t a  s u c h  as p e r s p e x  w h i l e  @ p y l o d i s c u s  f a s t u o s u s  does n o t  a p p e a r  
t o  a c t i v e l y  a t t a c h  t o  a s u b s t r a t u m .  b u t  becomes enmeshed o n  r o u g h  s u r f a c e s ,  s u c h  
a s  a r e  found on  c a t h o d i c a l l y  p r o t e c t e d  s teel .  W h i l e  s e l e c t i v e  community 
development  on  t o x i c  s u r f a c e s  is w e l l  known, ( D a n i e l  and Chamber la in ,  1 9 8 1 ) ,  any  
s u b s t r a t u m  p r e f e r e n c e  shown by i n d i v i d u a l  s p e c i e s  on n o n - t o x i c  s u r f a c e s  a r e  due 
t o  more s u b t l e  e n v i r o n m e n t a l  i n f l u e n c e s ,  s u c h  a s  topography,  s u r f a c e  c h a r g e ,  
s u r f a c e  t e n s i o n  or  n u t r i e n t  a v a i l a b i l i t y .  I n  t h e  25 day  e x p o s u r e  p e r i o d s  used  i n  
t h i s  work, m i c r o a l g a e  and o t h e r  organisms w i l l  n o t  o n l y  s e t t l e  o n t o  t h e  

s u b s t r a t a  from t h e  w a t e r  b u t  a l s o  r e p r o d u c e  i n s i t u .  These  w i l l  p roduce  c o p i o u s  
amounts of m u c i l a g e ,  t r a p p i n g  o t h e r  o r g a n i s m s ,  a s  well as d y i n g  and b e i n g  washed 
o f f .  Once an i n i t i a l  c o l o n i s a t i o n  h a s  e s t a b l i s h e d  new s p e c i e s  w i l l  s e t t l e  and 
d e v e l o p  o n  t o p  of e a r l i e r  ones .  Such a l a y e r i n g  p r o c e s s  was o b s e r v e d  i n  t h i s  
work and i t  s e r v e s  t o  r a p i d l y  d i m i n i s h  any  d i f f e r e n c e s  between t h e  s u b s t r a t a ,  
p r o d u c i n g  a s u r f a c e  more p h y s i c a l l y  and c h e m i c a l l y  s u i t a b l e  f o r  c o l o n i s a t i o n  by 
o t h e r  o r g a n i s m s  ( B i s h o p  e t  a1 . ,1974;  Neushul  e t  a1 . ,1976;  Paul  e t  a1 . ,1977;  
B l i n n  e t  a1 . ,1980) .  I t  is l i k e l y  t h a t  on  t h e  s u b s t r a t a  used  i n  t h i s  work any  
d i f f e r e n c e s  i n  t h e  numbers of a l g a e  o r  c h o i c e  of s u b s t r a t u m  by i n d i v i d u a l  
s p e c i e s  would d i s a p p e a r  w i t h  l o n g e r  immersion p e r i o d s .  

16.6 CONCLUSIONS 
( i )  The d i f f e r e n c e s  i n  numbers of a l g a e  found a t  bo th  s i tes .are  main ly  t h o s e  

between c a t h o d i c a l l y  p r o t e c t e d  s t e e l  and t h e  o t h e r  s u b s t r a t a ,  p a r t i c u l a r l y  
p e r s p e x ,  f o r  t h e  c o n t i n u o u s l y  submerged s u b s t r a t a  and between p e r s p e x  and  t h e  

o t h e r  s u b s t r a t a  a t  t h e  i n t e r t i d a l  s i t e .  T h i s  r e i n f o r c e s  t h e  c o n c l u s i o n  t h a t  
d i f f e r e n c e s  i n  s u b s t r a t u m  s t a b i l i t y  a f f e c t s  c o l o n i s a t i o n .  T h e  d i f f e r e n c e s  
shown by p e r s p e x  r e i n f o r c e  p r e v i o u s  f i n d i n g s  t h a t  e x t r a p o l a t i o n  of d a t a  from 
p e r s p e x  and  g l a s s  t o  o t h e r  s u b s t r a t a  may be  m i s l e a d i n g  (Edyvean e t  a l .  1 9 8 5 ) .  

( i i )  There are no o v e r a l l  d i f f e r e n c e s  i n  community s t r u c t u r e  between t h e  
s u b s t r a t a ,  and  i t  is  u n l i k e l y  t h a t  t h e r e  w i l l  be  any d i f f e r e n c e s  i n  i n f l u e n c e  
on  s u b s e q u e n t  f o u l i n g .  

( i i i )  S p e c i e s  of N a v i c u l a  dominate  t h e  communit ies  a t  b o t h  s i t e s .  
( i v )  Some s p e c i e s ,  n o t a b l y  C y l i n d r o t h e c a  closterium and C s p y l o d i s c u s  f a s t u o s u s  

show marked s i t e ,  s u b s t r a t u m  and s e a s o n a l  p r e f e r e n c e s .  
( v )  S p e c i e s  d i v e r s i t y  is less on  t h e s e  a r t i f i c i a l  s u b s t r a t a  i n  s e a w a t e r  t h a n  f o r  

r e p o r t s  of a r t i f i c i a l  and n a t u r a l  s u b s t r a t a  i n  freshwater. 
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