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Chapter 7 

DIATOM COMMUNITIES ON NON-TOXIC SUBSTRATA AND TWO CONVENTIONAL ANTIFOULING 

SURFACES IMMERSED I N  LANGSTONE HARBOUR, SOUTH COAST OF ENGLAND. 

S. PYNE1, R.L. FLETCHER1 and E.B.G. JONES2 

Department of B i o l o g i c a l  S c i e n c e s ,  Por t smouth  P o l y t e c h n i c ,  Marine Labora tory ,  

F e r r y  Road, Hayl ing  I s l a n d ,  Hampshire, U.K. P o l l  ODG. 

Department of B i o l o g i c a l  S c i e n c e s ,  Por t smouth  P o l y t e c h n i c ,  King Henry 1 

S t r e e t ,  Por t smouth ,  U.K. PO1 2DY. 

7.1 INTRODUCTION 

There  have been a number of r e p o r t s  of d ia tom f o u l i n g  on both  n o n t o x i c  

( B a s t i d a  e t  a l . ,  1974; Bacon and T a y l o r ,  1976; K a r e n t z  and M c I n t i r e ,  1977) and 

t o x i c  test p a n e l s  (Hendey, 1951; Kingcome, 1959; Callow, 1984) on a wor ld  wide 

b a s i s .  I n  g e n e r a l  a d i v e r s e  and r i c h  d ia tom f l o r a  h a s  been d e s c r i b e d  on t h e  

non-toxic tes t  panels .  For example Bacon and Taylor  (1976) examined diatom 

communities on non- toxic  s u r f a c e s  and r e c o r d e d  a t o t a l  of 183  s p e c i e s  i n  50 

g e n e r a ,  t h e  dominant s p e c i e s  be ing  Synedra f a s c i c u l a t a ,  P a r a l i a  s u l c a t a  and 

Achnanthes l o n g i p e s .  I n  comparison t o  t h i s  t h e  a n t i f o u l e d / t o x i c  test p a n e l s  

have been r e p o r t e d  t o  s u p p o r t  a much more r e s t r i c t e d  f o u l i n g  community w i t h  

fewer numbers of g e n e r a  and s p e c i e s  i d e n t i f i e d .  Probably  t h e  most d e t a i l e d  

i n v e s t i g a t i o n  of  f o u l i n g  d i a t o m s  on t o x i c  p a n e l s  w a s  t h a t  of Hendey (1951) who 

recorded  97 s p e c i e s  d i s t r i b u t e d  in 27 g e n e r a  on copper  based a n t i f o u l i n g  

c o a t i n g s  immersed in C h i c h e s t e r  Harbour,  South  Coas t  of England. The dominant 

genera  r e c o r d e d  by Hendey were Amphora, Achnanthes,  Navicula  and S t a u r o n e i s ,  

which are o f t e n  r e f e r r e d  t o  as ' t r u e  slime' formers  a s  t h e y  l i e  c l o s e l y  

a d p r e s s e d  t o  t h e  s u r f a c e  and form a s h e e t  o r  f i l m  o v e r  t h e  subs t ra tum.  

The p r e s e n t  paper  is concerned w i t h  an  i n v e s t i g a t i o n  of t h e  mar ine  

f o u l i n g  d ia tom communities on b o t h  non- toxic  and t o x i c  test  p$nels  suspended 

from a r a f t  i n  Langstone Harbour,  South  Coast of  England. A g e n e r a l  comparison 

is made between t h e  f l o r i s t i c  composi t ion  of t h e s e  two s u r f a c e  t y p e s ,  which 

is f u r t h e r  r e l a t e d  t o  a s p e c t s  such  a s  t h e  q u a l i t y  and q u a n t i t y  of i n c o r p o r a t e d  

a n t i f o u l i n g  b i o c i d e  and v a r i o u s  e n v i r o n m e n t a l  p a r a m e t e r s ,  such  a s  d e p t h  of 

immersion of t h e  p a n e l s  and w a t e r  tempera ture .  Using a weighted d i v e r s i t y  

index  a s e m i - q u a n t i t a t i v e  a n a l y s i s  of t h e  f o u l i n g  d ia toms is a l s o  c a r r i e d  o u t .  



7.2 Materials and Methods 

7.2.1. Panel  Exposure S i t e  - Langstone Harbour 

The tes t  pane l s  were immersed from t e s t  r a f t s  moored i n  Langstone Harbour, 

no r th -eas t  s o l e n t  r eg ion  on t h e  sou th  c o a s t  of England ( g r i d  r e f .  SU 615015). 

I t  is a f u l l y  marine harbour  system be ing  t h e  c e n t r a l  one of t h r e e  

i n t e r c o n n e c t i n g  ha rbour s  ( s e e  f i g .  7.1). The harbour  is  a lmost  comple te ly  

land  locked w i t h  two narrow channels  connec t ing  i t  t o  Portsmouth Harbour i n  

t h e  w e s t  and Ch iches t e r  Harbour i n  t h e  east. I t  is  sha l low (does  n o t  exceed 

10m i n  dep th )  and has an  area of approximate ly  19.4km2. T i d a l  range v a r i e s  

between 1.5m (neaps )  and 4.5m ( s p r i n g s ) ,  w i th  a t i d a l  stream c u r r e n t  r e v e r s i n g  

wi th  the  t i d e  ranging  from 2.5km/hr (neaps )  t o  4.54km/hr ( s p r i n g s )  (Hdughton, 

1959). The s u r f a c e  water t empera tu res  ranged from a minimum of 2.lOC ( Janua ry )  

t o  a maximum of 22 .1OC (August)  f o r  1982 w h i l s t  s a l i n i t i e s  show s l i g h t  

v a r i a t i o n s  from 30.7% t o  34% . Water c l a r i t y  is g e n e r a l l y  poor,  u s u a l l y  

ranging  between 1-3m, and i n d u s t r i a l  p o l l u t i o n  is l i g h t  a l though  t h e  harbour  

does r ece ive  about  40000 l i t res  of t r e a t e d  sewage per day (Anon, 1976).  

Fig.7.1 Map t o  show l o c a t i o n  o f  Langstone Harbour and r a f t  
s i t e .  (P.H. Portsmouth Harbour; L.H. Langstone 
Harbour; C.H. Ch iches ter  Harbour; y Tes t  R a f t s )  
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7.2.2 Non toxic  panel exposure 

The t e s t  panels were made of polypropylene and measured 15cm x 8cm. 

They were attached t o  the  frame by means of nylon nuts  and b o l t s  a t  depths of 

0, 75 and 180 cms below the  water-line. 

observation. 

panels examined a t  weekly i n t e r v a l s  f o r  a 1 2  month period. 

from the 0 and 75cm l e v e l  every week and f r a n  the  180cm l e v e l  every two weeks 

and replaced with cleaned panels. 

Duplicate panels were set up f o r  each 

The frame was immersed i n  the  harbour i n  January 1982 and the  

Panels were removed 

7.2.3. Toxic panel exposure 

A series of tox ic  panels comprising two commonly used biocides (copper 

oxide and organo-tin) were a l s o  immersed from the t e s t  r a f t  from March 1982 

onwards. Each panel, measuring 15cm x 8cm, was.constructed of polyethylene 

onto which w a s  sprayed two coa ts  (approximately 100 m and 150 m thick 
respectively) of the  relevant  ant i - foul ing formulation. Three d i f fe ren t  

loadings were used f o r  both toxin types ( see  t a b l e  7.1). 

TABLE 7.1. Loading value f o r  both t h e  copper and organo-tin formulations 

(i) Low loadings - 10% weight/volume 

( i i )  Medium loadings - 30% weight/volume 
( i i i )  High loadings - 50% weight/volume 

A t o t a l  of 1 2  panels were immersed ( t h r e e  loadings of both copper and organo-tin 

i n  dupl icate)  and examined each month over a 2 year period. 

immersed a t  the  water l i n e  level .  

A l l  panels were 

7.2.4 Sampling procedure 

The non-toxic panels were brushed with a hard-haired brush t o  remove a l l  

attached diatom c e l l s .  

a 4% formal s a l i n e  solut ion.  

by brushing and removing a l l  a t tached diatoms with a f i n e  haired brush i n  

order not t o  remove any excess toxin from the surface. 
were then placed i n t o  a 4% formal s a l i n e  solut ion.  

These samples were then t ransfer red  t o  a v i a l  containing 

The toxic  panels were, however sampled l i g h t l y  

These diatom cells 

7.2.5 Preparation of permanant diatom s l i d e s  from sampled mater ia l  

The diatom supernatant, in formal s a l i n e ,  was decanted and 20ml of 

concentrated hydrochloric acid added. The mixture was heated f o r  about 15 

minutes u n t i l  effervescence ceased and the so lu t ion  then cooled. This was 

di luted i n  d i s t i l l e d  water and l e f t  t o  s e t t l e .  The clear l i q u i d  w a s  decanted 
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and the diatoms repeatedly washed with d i s t i l l e d  water t o  remove any acid. 

After  the t h i r d  wash the supernatant was decanted and 20mls of concentrated 

sulphuric  acid was added and the mixture boi led f o r  15 minutes. The so lu t ion  

was l e f t  t o  stand f o r  approximately 60 minutes a f t e r  which time saturated 

potassium permanganate (KMn04) was added drop by drop u n t i l  effervescence 

ceased ( a l l  organic mat ter  has been oxidised). The so lu t ion  was l e f t  t o  stand 

and cool a f t e r  which oxa l ic  acid was added t o  decolourise the  l iqu id .  The 

cleaned f r u s t u l e s  were washed i n  d i s t i l l e d  water several  times and then 

dehydrated i n  100% ethanol  to  allow easy attachment t o  cover s l i p s .  The 

mater ia l  was mounted i n  a medium of high r e f r a c t i v e  index i n  order  t o  increase 

c l a r i t y  of the f r u s t u l e s  (Naphrax: R.I. = 1.62, Fleming, 1954). Permanent 

diatom s l i d e s  were produced f o r  each sampling t i m e ,  i n  dupl icate  and f o r  a l l  

depths. I d e n t i f i c a t i o n  was carr ied out using the taxonomic nomenclature of 

van Heurck (1896) and Hendey (1951). 

7.2.6 %mi-Quantitative ana lys i s  of biofoul ing (numerical d i v e r s i t y  index) 

For each permanent s l i d e ,  twenty f i e l d s  of view were examined, using a 

Wild M20 microscope with x15 eye piece and x40 objective. Dominant species  

were i d e n t i f i e d  and given a c e r t a i n  numerical weighting, depending on t h e i r  

estimated abundance; these were: 

Percentage occurrence i n  population Diversity Index 

( i )  g r e a t e r  than 50% (dominant) 3 

(ii) 25-50% (sub-dominant) 2 

( i i i )  12-25% (common) 1 

The ana lys i s  was repeated f o r  a l l  types of toxic  loading formulations 

and non-toxic panels. 

7.3 RESULTS 

7.3.1. Non-toxic panel ana lys i s  

A t o t a l  of 187 species  d i s t r i b u t e d  i n  37 genera were i d e n t i f i e d  on 

a l l  the  non toxic  panels. Table 7.2 shows the number of genera and species  

recorded on the  panels a t  the  three depths of immersion. There was generally 

a decrease i n  number of both genera and spec ies  with depth, ranging from 146 

species  i n  34 genera a t  the water-line t o  99 species  i n  20 genera a t  180 cms 

immersion depth. The most abundant species  recorded on the non-toxic panels 

were Achnanthes longipes ,  Amphora coffeaeformis, Biddulphia a u r i t a ,  Cocconeis 

scutellum, Grammatophora oceanica, Navicula c inc ta  and Synedra fasc icu la ta .  

A l l  of these species  possess a d i s t i n c t  mode of attachment which allows the  

c e l l  t o  adhere d i r e c t l y  t o  the surface. The majori ty  of diatom species  recorded 
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on the t e s t  panels in Langstone Harbour, however were more obviously motile on 

the surface and within the biofilm. 

TABLE 7.2. Number of species  and genera on non-toxic panels 

Number of species  Number of genera 

1. Total 18 7 
2. Water-line 146 

3. 75 cms below water-line 140 

4. 180 cms below water-line 99 

37 

34 

34 

20 

( i )  Water-line panel 

The genera with the  grea tes t  number of species  a t  t h i s  depth were Navicula 

(25 species) ,  Nitzschia  (18 species)  , Amphora (10 species)  , Diploneis 

(9 species) and Cocconeis (6  species) .  

( i i )  75cms below water l ine 

The genera with most species  a t  t h i s  depth were Navicula (29 species) 

and Nitzschia (14 spec ies )  while other  genera prevalent within the fouling 

population were Amphora (10 spec ies ) ,  Cocconeis (10 species)  and Synedra ( 5  

species). 

( i i i )  18Ocms below water-line 

The genera with t h e  highest  number of species  a t  t h i s  depth were Navicula 

(19 species) and Nitzschia (10 spec ies ) ,  s l i g h t l y  lower f i g u r e s  than f o r  the 

data for  the o ther  depths. Other genera which were common within the population 

were Cocconeis (6  spec ies ) ,  Diploneis (4 species)  and Synedra (4  species). 

Using the  weighted values of the d i v e r s i t y  index (3,  2 and 1 )  and summing 

these f o r  individual  species ,  the dominant diatom species  a t  the three immersion 

depths was estimated. The most common diatom species  a t  the water-line and 

18Ocms depth was Cocconeis scutellum (has  the  highest  d ivers i ty  index) while 

a t  75cms Amphora coffeaeformis was the dominant species. Other species which 

had a r e l a t i v e l y  high d i v e r s i t y  index were Synedra f a s c i c u l t a  (180 depth) and 

Grammatophora oceanica ( a l l  th ree  depths). 

Table 7.3 s u m a r i s e s  the r e s u l t s  f o r  a l l  th ree  depths of immersion: 

7.3.2. Copper and organo-tin ant i - foul ing panels 

The dominant genus on both ant i - foul ing formulations was Amphora, 

comprising A. coffeaeformis var. coffeaeformis and A. coffeaeformis var. 
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perpus i l la .  

species  and genera were 50% l e s s  on the  copper formulation and approximately 

40% l e s s  on the  organo-tin matrix. 

genera recorded on both the copper and organo-tin ant i - foul ing panels is given 

in Table 7.4. 

In a general  comparison with the  non-toxic panels the  numbers of 

A summary of the numbers of species  and 

TABLE 7.3. Dominant diatom species  on non-toxic panels 

Depth Species Diversi ty  Index 

Water-line Cocconeis scutellum 75 

Amphora coffeaeformis 66 

Grammatophora oceanica 63 

( i i )  75cms 

(iii) 18Ocms 

Amphora coffeaeformis 7 1  
Cocconeis scutellum 65 

Grammatophora oceanica 60 

Cocconeis scutellum 30 

Syndera f a s c i c u l a t a  2 1  

Grammatophora oceanica 20 

The monthly average number of genera and species  (over a 1 2  month 

immersion period) on both ant i - foul ing compositions was estimated. I t  was 

found t h a t  copper panels  had a lower species  d i v e r s i t y  throughout the  year ,  

having 2 1  species  in 1 4  genera while the  organo-tin formulation supported on 

average, 26 species  in 15 genera. The dominant genus, on both compositions, 

throughout the immersion period, was Amphora, although other  genera such a s  

Cocconeis and Navicula were a l s o  present. The dominant species ,  estimated 

using the d i v e r s i t y  index, a r e  shown in Table 7.5. 

The d i s t r i b u t i o n  of the monthly mean number of genera and species on 

both formulations from October 1982 t o  September 1983 a r e  shown in f igs .  7.2 

and 7.3. Both graphs ind ica te  t h a t  there  was a f luc tua t ion  in divers i ty  

throughout the year. 

d i s t r i b u t i o n  of t h e  two most common genera, Amphora and Navicula. 

Calculating the cumulative d i v e r s i t y  index f o r  both these genera i t  was shown 

t h a t  there  was a ' c y c l i c a l '  pa t te rn  in t h e i r  appearance on the  panels (Fig. 

7.4). Amphora spp. were dominant during November and December 1983 while 

P a r t i c u l a r  a t t e n t i o n  was given t o  examining the temporal 
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TABLE 7.4 Total number of species and genera on copper and organo-tin 

panels  

A. Copper t rea ted  panels 

Toxin loading  Number of spec ies  Number of genera 

Total 

low 

Medium 

High 

91 

66 

73 

7 1  

35 

28 

28 

30 

B. Organo-tin t rea ted  panels 

Toxin loading Number of species  Number of genera 

Total  

low 

Medium 

High 

111 

85 

78 

81 

35 

32 

30 

28 

TABLE 7.5. Prevalant diatom species  on the  biocide compositions 

Species 

Amphora c o f f e a e f o m i s  var perpus i l la  

A. coffeaefonnis var coffeaefonnis  

Navicula b iskanter i  

Cocconeis scutellum 

Navicula grev i l leana  

Navicula ramosissima 

Cocconeis speciosa 

Diversi ty  Index 

10 6 

32 

24 

11 

11 

9 

8 
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Navicula spp. becaiiic abundant l a t e r  du r ing  March/April 1983; f i n a l l y  Amphora 

was a g a i n  p reva ien t  w i t h i n  t h e  popu la t ion  du r ing  August/ September 1983. 

The s p e c i q s  d i v e r s i t y  on both t h e  copper and organo- t in  fo rmula t ions  was 

a l s o  examined i n  r e l a t i o n  t o  t h e  tox in  load ings  and t h e  r e s u l t s  p re sen ted  i n  

F igure  7.5. The p a i n t s  wi th  t h e  h igh  load ings  of bo th  t o x i n s  had t h e  lowest 

cumula t ive  index  (copper  - 33; organo-tin - 4 2 )  whi le ,  i n  comparison, t h e  low 

loading  p a i n t s  had t h e  h i g h e s t  cumula t ive  index  (copper  41; o rgano t in  - 50). 

7.4 DISCUSSION 

The format ion  of a primary f i l m  and b i o f o u l i n g  l a y e r s  on a s u r f a c e  i s  

in f luenced  by a number of f a c t o r s  i nc lud ing  sea-water chemis t ry ,  t u rbu lence ,  

t empera ture ,  l i g h t  and inco rpora t ed  a n t i f o u l i n g  b ioc ides .  In t h i s  d i s c u s s i o n  

s e v e r a l  phys i ca l  f a c t o r s  w i l l  be h i g h l i g h t e d  and how they are thought  t o  a f f e c t  

diatom d i s t r i b u t i o n .  

Seve ra l  r e p o r t s  have drawn a t t e n t i o n  t o  t h e  e f f e c t  of dep th  on t h e  

development of b e n t h i c  diatom communities (Bacon and TaylQK, 1976; Stupak 

e t  a l . ,  1976; McClean e t  a l . ,  1981; Hundon and Bourge t ,  1983).  With an 

i n c r e a s e  i n  depth  t h e r e  is a cor responding  dec rease  i n  l i g h t  a v a i l a b i l i t y  

mainly due t o  water  t u rbu lence .  I n  t h i s  s t u d y  t h e r e  are a number of common 

d ia toms which were found t o  s u r v i v e  adequa te ly  on t h e  deeper  pane l s  whi le  

o t h e r  s p e c i e s  could dominate t h e  popu la t ion  on ly  on t h e  more sha l low s u b s t r a t a .  

The former group a r e  c l a s s e d  as ' l i g h t  t o l e r a n t '  diatoms and t h e  l a t t e r  group 

c l a s s e d  a s  ' l i g h t  s e n s i t i v e '  spec ie s .  

Bacon and Taylor  (1976) and Stupak e t  a l .  (1976) found t h a t  w i th  an 

i n c r e a s e  i n  dep th  (below 75cms from t h e  wa te r - l i ne )  t h e  number of Achnanthes 

c e l l s  a t t a c h e d  t o  the  t e s t  subs t r a tum was g r e a t l y  reduced and t h i s  genus was 

v i r t u a l l y  absen t  below 2 metres. In Langstone Harbour Achnanthes long ipes  was 

recorded  on t h e  180 c m s  pane l s  on ly  seven  t i m e s  i n  twenty f i v e  sampling p e r i o d s ,  

sugges t ing  t h a t  l i g h t  p e n e t r a t i o n  has  a n  impor tan t  i n f l u e n c e  on t h e  v e r t i c a l  

d i s t r i b u t i o n  of t h i s  spec ie s .  A common cha in  forming genus ,  MeloSiKa, a l though 

n o t  cons idered  a f o u l i n g  s p e c i e s  occur s  q u i t e  abundant ly  i n  t h e  b iof i lm.  

During the  summer months when l i g h t  i n t e n s i t y  ( p e n e t r a t i o n )  w a s  h igh ,  Melos i ra  

mon i l i fo rmis  OCCUKS on t h e  s u r f a c e  pane l s  whi le  !& nummuloides was found 

abundant ly  on t h e  deepe r  pane l s  (180 crns). McClean e t  a l .  (1981) sugges ted  

t h a t  t hese  two s p e c i e s  had d i f f e r e n t  l i g h t  requi rements .  They r epor t ed  M. 
nummuloides w a s  a b l e  t o  s u r v i v e  i n  deep water (h igh  growth r a t e  a t  low l i g h t  

i n t e n s i t i e s )  while g. moni l i fo rmis  could  only  su rv ive  on t h e  sha l lower  s u b s t r a t a  

(low growth rate in low l i g h t  i n t e n s i t i e s ) .  These obse rva t ions  a r e  similar t o  

those  of Cas tenholz  (1964) and Hudon and Bourget (1983) who found t h a t  E. 
nummuloides occurred  on t h e  deeper  pane l s  whi le  g. moni l i formis  was p r e s e n t  on 
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the  sha l lower  pane l s .  These f i n d i n g s  s t r o n g l y  sugges t  t h a t  t h e  v e r t i c a l  

d i s t r i b u t i o n  of t h e  genus ,  and in p a r t i c u l a r  t h e s e  two s p e c i e s ,  is  governed by 

l i g h t  a v a i l a b i l i t y .  

One p h y s i c a l  f a c t o r  t h a t  has  a profound e f f e c t  on f o u l i n g  and t h e  b u i l d  

up of t he  f o u l i n g  community is  tempera ture .  Bacon and T a y l o r  (1976)  noted  

t h a t  Synedra f a s c i c u l a t a  appeared on test  pane l s ,  u s u a l l y  as the  dominant 

spec ie s ,  th roughout  May and June. However, when t h e  t empera tu re  exceeded 10°C 

t h e r e  w a s  a d rama t i c  r e d u c t i o n  i n  numbers. S i m i l a r l y  Synedra f a s c i c u l a t a  was 

recorded in t h e  p r e s e n t  s tudy  a t  t h e  s tar t  of t h e  i m e r s i o n  p e r i o d s  f r e q u e n t l y  

sub-dominant, when t h e  t empera tu re  was approximate ly  7%; above t h i s  tempera ture  

the  s p e c i e s  c o n t i n u e s  t o  be p r e s e n t  b u t  no t  i n  such h igh  numbers, sugges t ing  

t h a t  7-8OC is  t h e  optimum tempera ture  f o r  growth of t h i s  s p e c i e s  i n  Langstone 

harbour.  There w i l l  be a g r e a t  d e a l  of v a r i a b i l i t y  in t empera tu re  r e l a t e d  

growth w i t h i n  a genus bu t  Reisen  and Spencer  (1970)  noted  t h a t  a n o t h e r  Synedra 

sp. had an  optimum growth rate a t  6.5% i n  l a b o r a t o r y  c u l t u r e ,  which is  s i m i l a r  

t o  t h a t  r e p o r t e d  h e r e  f o r  2. f a s c i c u l a t a .  

Seve ra l  workers have noted  t h a t  Achnanthes spp. show a marked r e a c t i o n  

t o  v a r i a t i o n  i n  tempera ture .  Stupak e t  a l .  (1976) recorded  t h a t  between 8-15OC 

- A. l ong ipes  w a s  dominant on most tes t  p a n e l s  from 0.5 - 2 metres depth. 

However, a t  t empera tu res  g r e a t e r  than  15oC t h i s  s p e c i e s  w a s  merely p re sen t  

and r a r e l y  c o n s t i t u t e d  a l a r g e  pe rcen tage  of t h e  popu la t ion .  S imi l a r  t r e n d s  

were recorded  by Bacon and Taylor  (1976)  who noted  t h a t  A. l ong ipes  occurred  

on t e s t  p a n e l s  more f r e q u e n t l y  a t  t empera tu res  below 15oC than  a t  va lues  

h igher  t han  t h i s .  The r e s u l t s  p re sen ted  in t h i s  paper  from Langstone Harbour 

do no t  show any t r e n d s  i n  d i s t r i b u t i o n  in Achnanthes spp. when r e l a t e d  t o  

tempera ture  f l u c t u a t i o n s .  

One of t h e  few chain-forming d i a toms  commonly found on t h e  test  pane l s  

was Biddulphia  a u r i t a  ( d i s t r i b u t i o n  shown i n  f i g .  3). Stupak e t  a l .  (1976) 

con t inuous ly  r eco rded  t h i s  s p e c i e s  a t  t empera tu res  between 8 - l l ° C ;  above 

these  t empera tu res ,  s p e c i e s  f requency  was i n t e r m i t t e n t .  S i m i l a r l y ,  Bacon and 

Taylor (1976) noted  J. a u r i t a  on tes t  p a n e l s  when t h e  t empera tu re  was between 

5-13oC; a t  h ighe r  t empera tu res  it was no l onge r  p re sen t .  These r e s u l t s  are 
similar t o  t h o s e  ob ta ined  i n  t h e  p r e s e n t  s tudy .  2. a u r i t a  was recorded  on 

panels  in Langstone Harbour when t h e  t empera tu re  range  w a s  4-12OC. above 

which i t  had a ' pa t chy '  appearance.  I t  is e v i d e n t  t h a t  t empera tu re  p l ays  an  

impor tan t  r o l e  i n  t h e  f r equency  of occur rence  of t h i s  s p e c i e s .  

One of t h e  most impor t an t  parameters  which w i l l  a f f e c t  d ia tom communities 

on a test  s u r f a c e  is t h e  presence  of an  a n t i - f o u l i n g  b i o c i d e  w i t h i n  t h e  

subs t ra tum mat r ix .  There  have been many r e p o r t s  on t h e  c o l o n i s a t i o n  of copper 

based p a i n t  fo rmula t ions  ( H a r r i s ,  1946; Hendey, 1951; Lu e t  a l . ,  1979; Callow, 
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1984) but only a few papers  on the  diatoms co lon i s ing  organo-tin compounds 

(Blunn, 1982; Callow, 1984).  The r e s u l t s  of Hendey's (1951) s tudy  of t he  

b io f i lms  on copper based p a i n t s ,  i n  which 97 species ( r ep resen ted  i n  29  genera)  

were r epor t ed ,  i s  supported by t h e  p re sen t  i n v e s t i g a t i o n s  i n  Langstone Harbour 

( 9 1  spec ie s  i n  35 genera) .  Also i n  agreement with Hendey, Amphora w a s  

by f a r  t h e  most abundant genus t o  be i d e n t i f i e d .  

Callow (1984) examined the  b io fou l ing  on copper based and o rgano t tn  

based formulat ions on a world-wide basis. Amphora spp. were the major 

c o n s t i t u e n t s  of t he  slime along wi th  Achnanthes. The r e s u l t s  ag ree  with those 

presented i n  f i g s .  3 and 4 i n  which Amphora is  t h e  dominant genus al though 

Achnanthes w a s  i d e n t i f i e d  on only a few occasions.  Daniel  and Chamberlain 

(1981) a l s o  examined a number of commercially used p a i n t  formulat ions and 

noted on some t h a t  Amphora formed a un i - a lga l  s l i m e  adhering c l o s e l y  t o  t h e  

su r face .  The numerical  d i v e r s i t y  index adopted i n  t h i s  paper a l s o  revealed 

Amphora t o  be an  important  f o u l i n g  genus; Amphora coffeaeformis  var .  p e r p u s i l l a  

had an index of 106 and A. coffeaeformis  var.  co f feae fo rmis  a n  index of 32. 

In conclusion,  i t  is  ev iden t  t h a t  t h e r e  are a l a r g e  number of diatoms 

which a r e  a s s o c i a t e d  with t h e  b i o f i l m  on non-toxic su r faces .  However, only a 

few of t hese  a t t a c h  d i r e c t l y  t o  t h e  s u r f a c e  and can be c l a s s e d  as t r u e  ' s l i m e -  

formers ' .  Amphora w a s  by f a r  t h e  most abundant genus wi th in  t h e  bio- 

f o u l i n g  l a y e r ,  o t h e r  prominent genera being Navicula,  Cocconeis and Synedra. 

The d i v e r s i t y  index method allowed comparison of diatom communities from month 

t o  month and i t  w a s  e v i d e n t  t h a t  Amphora coffeaeformis  var.  p e r p u s i l l a  w a s  t h e  

dominant diatom s p e c i e s  i n  most samples. In c o n t r a s t  t o  t h e  r e p o r t  of Blunn 

(1982) ,  i t  w a s  shown t h a t  Achnanthes had no pre fe rence  f o r  t he  organo-tin 

based formulat ions and r a r e l y  occurred wi th in  t h e  f o u l i n g  populat ion.  
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