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Fouling community on the 
foundations of wind turbines and 
the surrounding scour protection
Ilse De Mesel, Francis Kerckhof, Bob Rumes, Alain Norro, 
Jean-Sébastien Flouziaux and Steven Degraer

The introduction of hard substrata in the mainly sandy 
environment of the Belgian part of the North Sea provides 
a new habitat to species that could previously not 
establish in the area.The community is dominated by the 
amphipod Jassa herdmani, the hydroids Tubularia larynx 
and T. indivisa and Actiniaria species, of which the plumose 
anemone M etrid ium senile lsthe  mostdominant. Onlyfew 
species, especially those arriving early in the colonisation 
process, are able to establish a viable population. The 
vertical foundations and the complex three-dimensional 
structure of the scour protection harbour different fouling 
communities.

INTRODUCTION
W ith  th e  ins ta lla tio n  o f w in d  tu rb in e s , 
a rtific ia l hard su b s tra ta  have been 
In troduced  In a m a in ly  sandy 
e n v iro n m e n t. The fo u n d a tio n s  and th e  
s co u r p ro te c tio n  p rov ide  a n e w  h a b ita t In 
th e  Be lg ian part o f th e  N orth  Sea.

Hard su b s tra ta  ha rbour s ig n ific a n tly  
d iffe re n t b e n th lc  c o m m u n it ie s  than  th e  
su rro u n d in g  sandy seabed. A rtific ia l 
hard su b s tra ta  are kn o w n  to  be qu ick ly  
co lon ised  by fo u lin g  o rg a n ism s , w h ich  
are o fte n  n e w  to  th e  area (H orn, 1974; 
S ch röder e t al., 2006, K erckho f e t 
al., 2009). This re su lts  In Increased 
local spe c ie s  richness. The spec ies  
c o m p o s itio n  h o w e ve r gen era lly  does 
no t re fle c t th e  c o m m u n ity  o f natural 
hard su bs tra ta . A dd itiona lly , th e  a rtific ia l 
ree fs  m ay act as s te p p in g  s to n e s  fo r 
non -ln d lg e n o us  spec ies , fa c ilita tin g  th e ir  
e xpans ion  ove r th e  N orth  Sea (C hapte r 
17). On th e  o th e r hand, so m e  pos itive  
e ffe c ts  have been Illu s tra ted  as w e ll.

A  n u m b e r o f -  e co n o m ica lly  Im p o rta n t 
-  (fish) sp e c ie s  have been o b se rve d  to  
a g g rega te  a round th e  fo u n d a tio n s  and 
sco u r p ro te c tio n  o f th e  w in d  tu rb in e s  
b ecause  th e y  feed  on th e  fo u lin g  
c o m m u n ity  (C hapter 14) o r fin d  she lter.
It Is no t e xp e c te d  th a t th e  In tro d u c tio n  
o f th e  n e w  fo u lin g  sp e c ie s  e n d an g e r th e  
natura l d iv e rs ity  o f th e  sandy s e d im e n ts . 
It m ay a lte r th e  so ft s e d im e n t b e n th lc  
c o m m u n ity  In th e  v ic in ity  o f th e  tu rb in e s  
because  o f o rgan ic  e n ric h m e n t and 
d e p o s itio n  o f e p lb e n th lc  spe c ie s  and 
th e ir  deríva te , b u t la rger sca le  Im pacts  
are no t e xp e c te d  (C hap te r 13).

In th is  chap te r w e  d e sc rib e  th e  
co lon isa tion  pa tterns o f th e  m acroben th lc  
fo u lin g  c o m m u n ity  on th e  fo u n d a tio n s  
and th e  sco u r p ro te c tio n  o f th e  g ra v ity  
based fo u n d a tio n s  on th e T h o rn to n b a n k  
and th e  m o n o p lle  fo u n d a tio n s  on th e  
B llgh Bank. On th e T h o rn to n b a n k , 
at abou t 30  km  fro m  th e  coas tline ,

s ix  co n c re te , g ra v ity  based tu rb in e s  
have been Ins ta lled  In sp ring  2008. 
T h e T h o rn to n b a n k  Is s itu a ted  on th e  
edge  b e tw e e n  th e  clear w a te r  o f th e  
Eng lish  C hannel and th e  m ore  tu rb id  
coasta l w a te r  (Lacro ix  e t a l.,2004). The 
B llgh Bank, s itu a ted  40  km  o ffsh o re , Is 
In fluenced  exc lu s ive ly  by English  Channel 
w a te r  m asses. The fo u n d a tio n s  o f th e se  
tu rb in e s  are m on o p lle s . The c o n s tru c tio n  
s ta rte d  In a u tum n  2009. A ll fo u n d a tio n s  
are su rro u n d ed  by a sco u r p ro te c tio n .
The a im  o f ou r s tu d y  Is to  und ers ta n d  th e  
co lo n isa tio n  p ro ce ss  and to  gain Ins igh t 
In th e  su cce ss io n  pa tte rn  on th e  a rtific ia l 
hard su bs tra ta . The fo cu s  o f ou r research 
Is on th e  sub tlda l fo u lin g  co m m u n ity .
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Concrete gravity based (upper panel) 
and steel monopile (lower panel) foun­
dations on theThrontonbank and Bligh 
Bank, respectively

BOX:
Vertical zonation

On th e  fo u n d a tio n s  o f th e  w in d  tu rb in e s , a c lea r ve rtica l 
zona tion  In th e  fo u lin g  c o m m u n ity  has been obse rved . 
D uring th e  f irs t  yea r o f th e  m o n ito r in g , th e  d e p th -re la te d  
p a tte rn s  o f th e  ep lfauna  w e re  ana lysed In de ta il, s ince  then  
on ly  a m o re  genera l, v isua l In spec tion  o f th e  sp lash zone 
and In te rtida l zone are m ade, w h ile  th e  sub tlda l zone Is 
co n tin ue d  to  be s tu d ie d  In de ta il (see m ain  tex t). The m arine  
sp lash m id g e  T e lm a toge ton  ja p o n ic u s  has been d o m in a n t 
In th e  sp lash zone s ince  th e  beg in n ing  o f th e  m o n ito r in g . 
The In te rtida l fr in g e  has evo lved  fro m  a zone characte rised  
by barnac les  and th e  a m p h lp o d  Jassa  he rdm an i, to w a rd s  a 
c o m m u n ity  d o m in a te d  by th e  b lue m usse l M y tilu s  edu lis . 
The m u sse ls  have se ttle d  on to p  o f th e  barnacles. The 
barnacles e x te n d  th e ir  range un til ju s t above th e  M y tilu s  
edu lis  zone. This zone Is e spec ia lly  w e ll d e ve loped  on th e  
co n c re te  fo u n d a tio n s  on th e T h o rn to n b a n k , w h e re  It has a 
w id th  o f a bou t 1 m. W ith in  th is  zone, so m e  e m p ty  pa tches

are p rese n t, due  to  p reda tion  and c lu m p s  o f m u sse ls  fa lling  
o ff u n d e r p ressu re  o f th e  w aves. On th e  s te e l su rface  o f 
th e  m o n o p lle s  on th e  B llgh Bank, th e  M y tilu s  edu lis  zone 
Is m uch n a rro w e r and ha lf a m e te r at m ost. It Is no t c lear 
w h e th e r  th is  Is due  to  h ighe r p reda tio n  p ressu re , lo w e r 
su p p ly  o f larvae, o r w h e th e r  o th e r  fa c to rs  are respons ib le . 
H ow ever, th e  'M y t llls a t lo n ' o f th e  s h a llo w  sub tlda l as has 
been rep o rte d  In o th e r pa rts  o f th e  N orth  Sea, w ith  dense  
m usse l g ro w th  d o w n  to  10 m  (Boum a and Lengkeek,
2012) o r d e e pe r (K rone e t al., 2013a) w a s  no t o b se rve d  In 
ou r study. The In te rtida l area Is th e  zone  w ith  th e  h ig h e s t 
n u m b e r o f n o n -ln d lg e n o us  spe c ie s  (C hap te r 17).The s u b tl­
dal zone  on th e  fo u n d a tio n s  Is cha rac te rised  by a Jassa- 
Tubularia-A ctin ia ria  c o m m u n ity  w h ich  Is d e sc rib e d  In de ta il 
In th is  chapter.
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Figure: Schematic representation of 
the vertical zonation of the fouling com­
munity on the foundations of the wind 
turbines, illustrated with a gravity based 
foundation.
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RESEARCH STRATEGY
W e  s ta rte d  co lle c tin g  sa m p le s  o f th e  fo u lin g  c o m m u n ity  
sh o rtly  a fte r th e  In tro d u c tio n  o f th e  f irs t  tu rb in e s . In itia lly  
w in d  tu rb in e s  w e re  p re se n t on ly  on th e T h o rn to n b a n k  (2008), 
abou t one-and-a-ha lf yea r la te r th e  f irs t  fo u n d a tio n s  w e re  
Ins ta lled  on th e  B llgh  Bank. A t each sa m p ling  occas ion , one 
loca tion  w a s  sa m p le d  In each w in d  fa rm . A t th e T h o rn to n ­
bank, all sa m p le s  w e re  co lle c te d  at th e  sa m e  loca tion , w h ile  
at th e  B llgh Bank, th re e  d iffe re n t lo ca tions  w e re  sam p led  
ove r tim e . The re su lts  o f th e  f irs t  fo u r  yea rs  o f m on ito r in g  are 
p re se n te d  here.
D uring th e  f irs t  one  to  one-and-a-ha lf year, sa m p le s  w e re  
c o lle c te d  on th e  fo u n d a tio n s  by s c ie n tif ic  scuba d ive rs  at 
d iffe re n t dep ths . Based on th e s e  resu lts , th e  -15 m  zone w a s  
Iden tifie d  as be ing  rep re se n ta tive  fo r  th e  d e e pe r sub tlda l 
c o m m u n ity  (K e rckho f e t al., 2010a). A fte rw a rd s , scuba d ivers  
scraped, sa m p le s  o f th e  fo u n d a tio n s  o n ly  at a d e p th  o f 15 m. 
The a im  w a s  to  sa m p le  at least once  each season, h o w e ve r 
due to  un favou rab le  d iv ing  co n d itio ns , th is  fre q u e n c y  has no t 
a lw ays been o b ta ine d  (F igure  1). O n th e T h o rn to n b a n k , th e y  
also co lle c te d  s to n e s  o f th e  sco u r p ro te c tio n  at a regu la r ba­
sis. In p rinc ip le , th re e  rep lica te s  o f each sa m p le  w e re  taken. 
S am p les w e re  ana lysed In th e  lab In o rd e r to  Inves tiga te  pa t­
te rn s  In spe c ie s  c o m p o s itio n  and d ive rs ity . O rga n ism s  la rger 
than  1 m m  w e re  Ide n tifie d  to  sp e c ie s  level w h e n  poss ib le  
or to  a h ig h e r ta x o n o m ic  level w h e n  th e  sp e c ie s  level cou ld  
no t be ob ta ine d . Two co m p o n e n ts  o f th e  c o m m u n ity  can be

d is tin g u ish e d : sp e c ie s  th a t are c o u n te d  (Ind /m 2) and sp e c ie s  o f 
w h ich  th e  coverage  (% coverage) Is d e te rm in e d . S om e tu b e - 
bu lld lng  o rg a n ism s , such as th e  po lychae te  w o rm  P om atoce ros  
t r iq u e te r  o r th e  a m p h lp o d  Jassa he rdm an i, cou ld  be q uan tified  
In bo th  w ays. The cove rage  o f th e  tu b e s  cou ld  be d e te rm in e d  
or th e  n u m b e r o f Ind iv idua ls  can be coun te d . In th is  study, w e  
co u n te d  th e  sp e c ie s  w h e n  poss ib le . M o s t sp e c ie s  th a t cou ld  
no t be c o u n te d  are co lon ia l fo rm s , such as Bryozoa. The pa t­
te rn s  o b se rve d  In th e  sc rap in g s  are co m p a re d  w ith  th o s e  on 
th e  sco u r p ro te c tio n .

Figure 1. Sampling occasions on the 
foundations in the wind farm on the 
Thorntonbank (TB) and Bligh Bank 
(BB) w ith the indication of the start of 
the construction of both wind farms 
(vertical lines). Squares represent oc­
casions at which only scrape samples 
on the foundations are collected, tri­
angles represent occasions at which 
both scrape samples and stones of 
the scour protection were collected. 
The background colours represent the 
seasons (green: spring, red: summer, 
purple: autumn, blue: winter)
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DENSITY AND DIVERSITY
D e sp ite  th e  huge va ria tion  b e tw e e n  rep lica te s  and s u cce s ­
s ive  sa m p ling s , an increase  in d e n s itie s  and cove rage  over 
th e  f irs t  tw o  to  th re e  years  is seen  on th e  fo u n d a tio n s  o f 
th e  tu rb in e s  on th e T h o rn to n b a n k , a fte r w h ic h  it m o re  o r less 
s ta b ilise s  (F igure 2). A  seasona l pa tte rn  appears, w ith  h ig h e s t 
d e n s itie s  (up to  2 .5  105 In d /m 2, b u t m o s tly  rang ing  b e tw e e n  
1-1.5 105 In d /m 2) and coverage  (on average 60 -7 0 % ) In spring  
and sum m er. A lth o u g h  seasona l and lo n g -te rm  d yn a m ics  are 
less c lear on th e  B llgh Bank, s im ila r pa tte rn s  s e e m  to  e m e rg e  
(F igure 2).

Figure 2. Density (upper panels) and 
coverage (lower panels) on turbines 
of theThorntonbank (left) and 
Bligh Bank (right). Black dots repre­
sent observations in each replicate; 
the red line connects seasonal 
averages. The background colours 
represent the seasons (green: spring, 
red: summer, purple: autumn, blue: 
winter). The numbers on the X-axis 
represent the number of days after 
installation of the foundations.
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The h igh cove rage  o b se rve d  at th e  f ir s t  sa m p ling  occas ion  on 
th e  fo u n d a tio n s  o f th e T h o rn to n b a n k  (80-100% ) w a s  due  to  an 
a lm o s t c o m p le te  cove r by th e  ha iry  sea -m a t E lectra  p ilosa . This 
Is ty p ic a lly  a fa s t co lon ise r, th a t qu ick ly  d isappears  again early  
In th e  succe ss io n . This dense  coverage  o f E. p ilosa  w a s  no t 
seen  on th e  B llgh Bank, p robab ly  because  o f th e  tim in g  o f th e  
Ins ta lla tion  o f th e  tu rb in e s  In a u tum n , w h ile  on th e T h o rn to n ­
bank th e y  w e re  Ins ta lled  In sp ring . A lso , th e  f irs t  sa m p ling  on 
th e  B llgh Bank w a s  a bou t one  m o n th  la te r than  on th e T h o rn ­
to n ba n k , so  th a t th e  In itia l heavy co lo n isa tio n  cou ld  have been 
m issed . A fte r  th e  heavy co lo n isa tio n  phase E. p ilo sa  rem a ined  
p re se n t In a lm o s t all sa m p le s  on th e T h o rn to n b a n k , bu t a t a 
m uch lo w e r dens ity .

The to ta l n u m b e r o f spe c ie s  fo u n d  on th e T h o rn to n b a n k  (84) Is 
h ig h e r than  on th e  B llgh Bank (64). A lth o u g h  th e s e  n u m b e rs  
are b iased by a lo w e r sa m p ling  e ffo rt and a sh o rte r  sam p ling  
pe riod  on th e  latter, th e  n u m b e r o f spe c ie s  per sa m p le  Is

gen era lly  h ig h e r on th e T h o rn to n b a n k  as w e ll, w h e re  m o re  than  
10 spe c ie s  pe r sa m p le  are fo u nd  In 8 2 %  o f th e  sam p le s , bu t 
on ly  In 2 5 %  o f th e  sa m p le s  on th e  B llgh  Bank. A lth o u g h  bo th  
areas are s itu a ted  c lose  to  each o th e r (about 10 km  apart), th e y  
are In fluenced  by d iffe re n t w a te r  m asses. T he T h o rn to n b a n k  
Is m o re  a ffe c te d  by coasta l w a te rs  than  th e  fu r th e r  o ffsh o re  
B llgh Bank (Lacro ix  e t al., 2004). The coasta l w a te r  m asses  can 
tra n s p o rt m o re  larvae o r o th e r pe lag ic  s ta g es  o f th e  fo u lin g  
c o m m u n ity  to  th e  fo u n d a tio n s  than  th e  Eng lish  C hannel w a te r  
on th e  B llgh Bank. On th e  o th e r hand, th e  fo u n d a tio n s  on th e  
T h o rn ton b a n k  are m ade  o f co n c re te , w h ile  th e  fo u n d a tio n s  th a t 
are m o n ito re d  on th e  B llgh  Bank co n s is t o f s tee l. This m ig h t 
also a ffe c t th e  se ttlin g  a b ility  o f th e  o rg a n ism s  (A ndersson  e t 
al., 2009).

DYNAMICS IN THE COMMUNITY
O ur re su lts  su g g e s t th a t th e  sp e c ie s  pool th a t shapes th e  c o m ­
m u n ity  on th e  fo u n d a tio n s  o f th e  tu rb in e s  Is e s ta b lish e d  In a 
re la tive ly  s h o rt t im e  span a fte r th e ir  In tro d u c tio n  In th e  m arine  
e co sys te m . On th e T h o rn to n b a n k , o u t o f a to ta l o f 84 spec ies  
fo u nd  on th e  fo u n d a tio n s  du ring  th e  fo u r yea rs  o f m o n ito r in g , 
fo u rte e n  (17% ) w e re  p re se n t In m ore  than  7 5 %  o f th e  sam p le s  
a fte r th e ir  f irs t  appearance . They can be rega rded  as spec ies  
th a t, a fte r se ttlin g , have e s ta b lish e d  a v iab le  popu la tion . M o s t 
o f th e s e  sp e c ie s  (11 o u t o f th e  14 spec ies) had arrived during  
th e  f irs t  yea r o f th e  succe ss io n , tw o  spe c ie s  arrived du ring  
th e  second  year. A  v e ry  s im ila r pa tte rn  w a s  seen  at th e  B llgh 
Bank, w h e re  e ig h t o u t o f a to ta l o f 64 sp e c ie s  fo u nd  (or 13% ) 
o ccu rred  In 75 %  o f th e  sa m p le s  a fte r th e ir  f irs t  obse rva tion . 
Five o f th e s e  arrived d u ring  th e  f irs t  year, and tw o  du ring  th e  
second  year.

A  c o m m u n ity  ana lys is  us ing  M u ltid im e n s io n a l Scaling (M D S ), 
c o n firm e d  th e  h yp o th e s is  th a t a ra th e r s tab le  spe c ie s  pool w a s  
fo rm e d  early  In th e  co lo n isa tio n  e sp e c ia lly  on th e T h o rn to n ­
bank. The f irs t  yea r a fte r th e  tu rb in e s  have been Ins ta lled , th e  
s a m p le s  co lle c te d  In s u b s e q u e n t sa m p ling  e ve n ts  are s itu a ted

fa r fro m  each o th e r In th e  p lo t, Ind ica ting  large changes In th e  
c o m m u n ity  c o m p o s itio n  (F igure 3). The d is ta n ce  b e tw e e n  
su cce ss ive  sa m p ling  o ccas ions  and b e tw e e n  sa m p le s  fro m  d if­
fe re n t seasons d e c reases  In th e  M D S  p lo t, Im p ly ing  a decrease  
In c o m m u n ity  changes th ro u g h  tim e . W e  see  m a in ly  seasona l 
dynam ics . S am p les co lle c te d  In s u m m e r are v e ry  s im ila r to  
each o ther, bo th  on th e T h o rn to n b a n k  and th e  B llgh Bank. The 
c o m m u n ity  c o m p o s itio n  appears to  deve lop  la rge ly  s im ila r In 
bo th  s ites.

Figure 3. Multidimensional Scaling 
(MDS) of the communities on the 
turbines. The analysis was performed 
on all replicates. The centroids for 
each sampling occasion were calcu­
lated and are represented by the dots 
shown in the plot. The lines connect 
the subsequent samplings, the num­
bers indicate the number of days after 
the installation of the turbines, the 
colours represent the seasons. Data 
were forth root transformed prior to 
analysis.
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COLONISATION, PREDATION AND 
COMPETITION
M o s t spe c ie s  th a t are able to  reach n e w  o ffs h o re  su rfaces  
d isp e rse  as p la n k ton ic  larvae, Inc lud ing  m any po lychaete  
w o rm s , crabs, barnac les  and tu n lca te s  (H lscock e t al., 2002).
On th e  o th e r hand, so m e  spe c ie s  do n o t have such a fre e  liv ing 
larval s tage , fo r  Ins tance  th e  tu b e -b u lld in g  a m p h lp o d s  Jassa  
he rdm an i, one  o f th e  f irs t  spe c ie s  to  reach n e w  hard su bs tra ta , 
and M o n o c o ro p h iu m  ache rus icum . Ju ven iles  o f th e s e  spec ies  
are able to  e ffe c tiv e ly  d isp e rse  by d riftin g  In th e  w a te r  co l­
um n (H averm ans e t al., 2007). The c o m m u n ity  o f J. h e rd m a n i 
c o n s is ts  yea r round o f adu lt and ju ve n ile  Ind iv idua ls, w ith o u t 
an a p paren t seasona l pa tte rn  a llo w in g  th e m  to  Invade n e w  
s tru c tu re s  at all t im e s .

Jassa herdmani

B esides th e  se ttlin g  o f n e w  spec ies , c o m p e tit io n  and p reda tion  
are Im p o rta n t b io log ica l p ro ce sse s  In shap ing  c o m m u n itie s .
The m o s t c o n sp icu o u s  p re d a to rs  on th e  fo u n d a tio n s  are c o m ­
m on  s ta rfish  A s te r ia s  rub e n s  and sea u rch ins  P sa m m e ch in u s  
m ilia ris . Both sp e c ie s  p rey on a w id e  range o f o rgan ism s. 
A lth o u g h  A. rubens  s h o w s  s o m e  p re fe re nce  fo r  b iva lves, th e y  
also feed  on po lychae te  w o rm s , o th e r e ch ln o de rm s , barnacles 
or occas iona lly  o th e r sm all c rus taceans . P sa m m e ch in u s  m ilia ris  
Is an o p p o rtu n is tic  p re d a to r th a t fe e ds  on ep lfauna l spe c ie s  
such as hyd ro lds , barnacles, sm all b iva lves, boring  spo n ge s  
o r po lychae te  w o rm s  (H ancock, 1957; L a w rence , 1975). The ir 
p reda tion  p ressu re  can be th a t h igh th a t la rge pa rts  o f sur­
faces  are c lea red  o f o rgan ism s. Th is  w a s  o b se rve d  on bo th  
w in d  fa rm s  by th e  d ive rs  co lle c tin g  th e  sub tlda l sam p les . This 
en h ances  th e  d yn a m ics  w ith in  th e  fo u lin g  c o m m u n ity  as n e w  
larvae can se ttle  on th e  bare su bs tra ta . O th e r p re d a to r s p e ­
c ies  are m ore  s p e c ific  and c lo se ly  assoc ia ted  w ith  th e ir  prey. 
E p ito n iu m  c la th ra tu lu m  and O d o s to m ia  tu rr ita  are bo th  sm all 
g a s tro p o d s  fe e d ing  on re sp e c tiv e ly  th e  p lu m o se  a n em one  
M e tr id iu m  se n ile  and th e  k e e lw o rm  P om a toce ro s  tr iq u e te r  
(R obertson , 1963; H o lsæ ter, 1989). Several nud lb ranch  spe c ie s  
w e  o b se rve d  feed  on Tubularia spp. and Bryozoa. The Im pact of 
th e s e  p re d a to rs  on th e ir  p rey can be h igh, and m ig h t p reven t 
sp e c ie s  fro m  d o m in a tin g  th e  co m m u n ity .

Psammechinus miliaris (above) and Asterias rubens (below)
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Epitonium clathratulum Odostomia turrita

The m o s t p reva len t m eans o f c o m p e tit io n  In fo u lin g  c o m m u ­
n ities  Is o ve rg ro w th  (O sm an, 1977). For Ins tance , th e  dense  
m ass o f tu b e s  bu ild  by Jassa h e rd m a n i cari s m o th e r  en c ru s tin g  
spe c ie s  such as Bryozoa or sm a ll barnacles. Tubularia la ryn x  
trap s  s e d im e n t a round th e ir  basal s to lo n , sm o th e r in g  o th e r 
spe c ie s  (O sm an, 1977). M e tr id iu m  sen ile , on th e  o th e r hand, 
has th e  a b ility  to  s m o th e r n e w ly  se ttle d  o rg a n ism s  by s lid ing  
ove r th e m  w ith  Its pedal d isk  (N e lson and Craig, 2011 ).

FEW SPECIES DOMINATE 
THE COMMUNITY
The c o m m u n it ie s  fo u nd  on th e  fo u n d a tio n s  at bo th  loca tions  
w e re  s im ila r to  w h a t has been rep o rte d  fo r o th e r sub tlda l a rt if i­
cial hard su bs tra ta , a t s im ila r d e p th s  o r deeper, In th e  so u the rn  
N orth  Sea (Z lntzen e t al., 2 006 ; Boum a and Lengkeek, 2012, 
van M oo rse l e t al., 1991), and can be d e sc rib e d  as a Jassa- 
Tubularia-A ctin ia ria  c o m m u n ity . The re la tive  abundance  o f each 
o f th e  spe c ie s  d iffe rs  b e tw e e n  loca tions , b u t th e ir  p re se n ce  Is 
a lw ays reco rded . On m any a rtific ia l hard su b s tra ta , th e y  o ften  
deve lop  to w a rd s  a c lim a x  c o m m u n ity  c o n s is tin g  o f th e  M e tr id ­
iu m  s e n ile  b io to pe  (C onner e t al., 2004). This Is q u ite  d iffe re n t 
fro m  natura l hard su bs tra ta , w h e re  a d o m in a n ce  o f th e s e  sp e ­
c ies  Is unusual.

The sub tlda l c o m m u n ity  on th e  fo u n d a tio n  o f th e  w in d  tu rb in e s  
on th e T h o rn to n b a n k  and th e  B llgh Bank Is n u m e rica lly  d o m i­
na ted  by th e  a m p h lp o d  Jassa h e rd m a n i and th e  hyd ro lds  Tubu­
laria ind iv isa  and Tubularia la rynx. B o th  Tubularia sp e c ie s  have 
tu b u la r s te m s  w ith  a po lyp  at th e  end. Jassa h e rd m a n i filte rs  
fin e  s e d im e n ts  fro m  th e  w a te r  co lu m n  to  bu ild  tu b e s  w h ic h  can 
cove r la rge parts  o f th e  su b s tra tu m . It can s m o th e r  o th e r sp e ­
c ies  and p re ve n t n e w  sp e c ie s  fro m  se ttlin g . A c tin ia ria  spec ies , 
are genera lly  no t n u m e rica lly  d o m in a n t, b u t because  o f th e ir  
size, w ith  d ia m e te rs  o f up to  8 or 10 cm , th e y  are co n sp icu ou s  
m e m b e rs  o f th e  fo u lin g  c o m m u n ity .

Cl

Jassa herdmani
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Jassa  reached th e  fo u n d a tio n s  soon  a fte r th e ir  in s ta lla tion  
and reached d e n s itie s  o f up to  3 105 in d /m 2. Tubularia la ryn x  
co lon ised  th e  su b s tra ta  w ith in  one  yea r a fte r co n s tru c tio n , and 
Tubularia ind iv isa  fo llo w e d  one  (Thorn tonbank) o r tw o  (B llgh 
Bank) yea rs  later. B o th  Tubularia  sp e c ie s  s h o w  h igh dyna m ics  
In th e ir  coverage, bo th  spa tia lly  and tem pora lly . It se e m s  th a t 
bo th  th rive  b e tte r on th e T h o rn to n b a n k  than  on th e  B llgh  Bank, 
w ith  m a x im u m  coverage  o f re sp e c tive ly  90 %  and 6 0 % . By 
bu ild ing  th e ir  s te m s , Tubularia  spe c ie s  c rea te  a 3 -d lm e n s lo n a l 
s truc tu re , p rov id ing  s h e lte r  and s u b s tra te  fo r  o th e r spec ies . In 
a s tu d y  on s h ip w re cks , Z ln tzen  e t al. (2008a) fo u nd  a pos itive  
co rre la tion  b e tw e e n  th e  b io m a ss  o f T. ind iv isa  and th e  d ive rs ity  
o f o th e r fo u lin g  spec ies . W e  did n o t d e te c t a s im ila r co rre la tion  
b e tw e e n  th e  cove rage  and th e  n u m b e r o f spec ies .

W ith in  th e  A c tin ia ria , M e tr id iu m  s e n ile  Is th e  d o m in a n t and 
m o s t ch a ra c te ris tic  spe c ie s  on a rtific ia l hard su b s tra ta  In th e  
N orth  Sea. This w a s  also th e  case on th e  fo u n d a tio n s  o f th e  
w in d  tu rb in e s  In th e  Be lg ian part o f th e  N orth  Sea. M e tr id iu m  
se n ile  w a s  m o re  a b u nd a n tly  fo u nd  on th e T h o rn to n b a n k . It has 
th e  p o ten tia l to  be a s tron g  s tru c tu r in g  fo rc e  w ith in  th e  fo u lin g  
c o m m u n ity  by rap id ly  co lo n is in g  n e w  su b s tra ta , cove ring  large 
areas, co n su m in g  fre e -s w im m in g  larvae and s m o th e rin g  n e w  
rec ru its  (N e lson and Craig, 2011).

Tubularia indivisa

Metridium senile and Necora puber
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THE SUBDOMINANT SPECIES
The d e n s ity  o f th e  s u b d o m in a n t c o m m u n ity  -  i.e. th e  c o m m u ­
n ity  w ith o u t J. h e rdm an i, A c tin ia ria  sp e c ie s  and bo th  Tubularia 
spe c ie s  - is h ighe r on th e T h o rn to n b a n k  than  on th e  B ligh Bank, 
w ith  m axim a  o f re sp e c tiv e ly  up to  2.1 104 and 9 .0  103 in d /m 2.

The m a jo r Phyla In th e  su b d o m in a n t part o f th e  c o m m u n ity  
th ro u g h o u t th e  m on ito r in g  are, at b o th  s ite s  A rth ro p o d a  and 
A nne lida  (m a in ly  Polychaeta) (F igure  4).

Figure 4. Relative composition of the 
subdominant community (i.e. without 
J. herdmani, Tubularia species and 
Actiniaria species) at the Phylum level 
at theThorntonbank (above) and the 
Bligh Bank (under)
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W ith in  th e  A rth ro p o d a , acorn barnac les  such as B alanus cre ­
natus, are th e  f irs t  to  appear in th e  sub tida l su cce ss io n  series. 
B alanus c ren a tu s  is a typ ica l p io n e e r sp e c ie s  th a t genera lly, 
fo llo w in g  an In itia l heavy s e tt le m e n t, qu ick ly  d e c reases  In 
n u m b e rs  a fte r one or tw o  yea rs  (Pyefinchi, 1948). In ou r study, 
It Is p reda ted  on m a in ly  by th e  co m m o n  s ta rfish  A . rubens  
and o ve rg ro w n  by o th e r spec ies .

Balanus crenatus

The long c la w e d  porce la in  crab Pisidia lo n g ico rn is  and th e  
ha iry  crab P ilum n u s  h ir te llu s  are tw o  D ecapoda th a t are 
c o m m o n  Inhab itan ts  o f hard su b s tra tu m  c o m m u n it ie s  (Ingle,
1980; Z ln tzen  e t al., 2008b). They are fo u nd  on th e  fo u n d a ­
tio n s  fro m  th e  f irs t  s u m m e r onw ards . R em arkably, w e  found  
on ly  sm all Ind iv idua ls  o f P h ir te llu s  (< 1 cm ) on th e  fo u n d a ­
tions . They do no t s e e m  to  a tta in  th e ir  m a x im u m  leng th  o f up 
to  3 cm  In th is  hab ita t. On o ffs h o re  buoys fo r  Ins tance , w h e re  
th e  sp e c ie s  a lso o fte n  occu rs , th e y  g ro w  m uch larger.

Pisidia longicornus

Pilimnus hirtellus
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From  th e  second  yea r onw ard , th e  m ain  A rth ro p o d a  on th e  
fo u n d a tio n s  w e re  am p h ip o d s . In to ta l, te n  d iffe re n t spe c ie s  
w e re  Iden tified , ha lf o f th e m  re s tr ic te d  to  one  o f th e  tw o  are­
as. T hree  spe c ie s  w e re  fo u nd  on ly  on th e T h o rn to n b a n k  (A ora  
gracilis , A ty lu s  s w a m m e rd a m i, H yperia  galba), b u t all o f th e m  
ju s t a t one  sa m p ling  occas ion , and tw o  w e re  fo u n d  on ly  on 
th e  B llgh Bank: C aprella  linea ris  w a s  fo u nd  o n ly  once , w h ile  
S te n o th o e  m arina  w a s  fo u n d  at fo u r sa m p ling  occas ions, 
bu t never e xceed ing  150 In d /m 2. Tw o o th e r  s te n o th o ld  sp e ­
c ies  w e re  fo u nd  In bo th  areas. S te n o th o e  valida  Is th e  m o s t 
abundan t, w ith  m a x im u m  d e n s itie s  up to  7 0 0 0  In d /m 2 on th e  
T h o rn ton b a n k  and 1000 In d /m 2 on th e  B llgh  Bank. S te n o th o e  
m o n o c u lo id e s  occu rre d  on ly  occasiona lly , w ith  overa ll on ly  
fo u r sa m p le s  w h e re  m ore  than  one  s p e c im e n  w a s  found . 
S te n o th o ld  sp e c ie s  ty p ic a lly  o ccu r In c lose  re la tio n sh ip  w ith  
hyd ro lds  (Gili e t al., 1995): w e  Indeed fo u nd  a co rre la tion  be­
tw e e n  th e  o ccu rre n ce  o f S. valida  and Tubularia la rynx, w h ich  
w a s  m ore  c lea r on th e T h o rn to n b a n k  than  on th e  B llgh Bank.

On th e T h o rn to n b a n k , th e  a m p h lp o d  M o n o c o ro p h iu m  acheru­
s ic u m  m anaged to  e s ta b lish  a p o pu la tion  on th e  fo u nd a tio n , 
a fte r J. h e rd m a n i a lready reached h igh d e n s itie s . Th is  Is 
u n e xpe c te d , s ince  bo th  spe c ie s  occu p y  a s im ila r n iche. They 
are bo th  tu b e -b u lld in g  a m p h ip o d s  filte r in g  f in e  s e d im e n ts  
fro m  th e  w a te r  co lu m n  to  bu ild  th e ir  tubes. W e  w o u ld  e xp e c t 
a s tron g  c o m p e tit io n  fo r space  and resources.

The po lychae te  w o rm s  s h o w e d  a seasonal tren d . P hyllo ­
doce  m ucosa , Lan ice  conch ilega, E u ne re is  lo n g iss im a  and 
H a rm o th o e  e x te n u a te  w e re  m a in ly  fo u nd  In su m m e r. This 
resu lts  gen era lly  In h ighe r po lychae te  d e n s itie s  (m o s tly  m ore  
than  1000 In d /m 2) than  In o th e r seasons (genera lly  less than  
500  In d /m 2). The last tw o  yea rs  o f th e  succe ss io n , th e  keel- 
w o rm  P om a toce ro s  t r iq u e te r  w a s  th e  d o m in a n t po lychaete  
spe c ie s  on th e  B llgh Bank, b u t th e ir  d e n s itie s  are h igh ly  va ri­
ab le (ranging fro m  60 to  4 0 0 0  In d /m 2). P om a toce ro s  tr iq u e te r  
bu ilds  ca lca reous tu b e s  f irm ly  a ttached  to  th e  su b s tra tu m  and 
Is ch a ra c te ris tic  fo r  c o m m u n it ie s  on bo th  natura l and a rtific ia l 
ree fs. Its p opu la tion  s e e m e d  to  be d e ve lop ing  w e ll on th e  
fo u n d a tio n s  o f th e T h o rn to n b a n k  In th e  second  yea r o f th e  
succe ss io n , w ith  d e n s itie s  up to  700  Ind iv idual pe r m 2, bu t 
In th e  last yea r It d id no t exceed  100 In d /m 2. O th e r spec ies  
th rive  b e tte r  on th e T h o rn to n b a n k : th e  g re e n le a f w o rm  Eulalia  
v ir id is  and L e p id o n o tu s  sq u a m a tu s  are bo th  o b se rve d  at 
a lm o s t e ve ry  sa m p ling  occas ion  on th e T h o rn to n b a n k  w h ile  
th e y  w e re  on ly  fo u nd  at th e  s ta rt o f th e  su cce ss io n  on th e  
B llgh Bank.

Stenothoe sp.

Monocorophium sp.

Pomatoceros triqueter
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THE SCOUR PROTECTION
The sco u r p ro te c tio n  w a s  s tu d ie d  on th e T h o rn to n b a n k .T h e  
succe ss io n  o f th e  fo u lin g  c o m m u n ity  on th e  sco u r p ro te c ­
tio n  does n o t e n tire ly  deve lop  In paralle l w ith  th a t on th e  
fo u n d a tio n s  o f th e  w in d  tu rb in e s . The seasona l pa tte rn , as 
w a s  seen on th e  fo u n d a tio n s , d id  n o t appear and th e  scou r 
p ro te c tio n  se e m s  to  be co lon ised  m ore  s low ly . The d e n s ity  
o f th e  co u n ta b le  sp e c ie s  Is s till Increasing  at th e  end o f th e  
m on ito r in g  se ries , w h ile  th e  cove rage  se e m s  to  have reached 
Its m a x im u m  (F igure  5). Total spe c ie s  d e n s ity  w a s  genera lly  
h ighe r on th e  fo u n d a tio n s  than  on th e  sco u r p ro te c tio n . This Is 
m a in ly  due  to  th e  h igh n u m b e r o f J. h e rd m a n i ori th e  fo u n d a ­
tions . Th is  spe c ie s  w a s  fo u nd  In lo w e r d e n s itie s  on th e  scou r 
p ro te c tio n , b u t th e  n u m b e rs  w e re  co n s id e ra b ly  Increasing  
at th e  end o f th e  m o n ito r in g , w ith  a m a x im u m  d e n s ity  o f 1.1 
105 Ind / m 2, w h ile  b e fo re  It d id no t exceed 1.7 104 In d /m 2. 
W h e n  J. h e rd m a n i w a s  exc luded  fro m  th e  ana lys is , d e n s itie s  
w e re  no t c o n s is te n tly  h ig h e r on th e  fo u n d a tio n s  than  on th e  
sco u r p ro te c tio n  o r v ice  versa.

Figure 5. Coverage (%) and density 
(ind/m2) on the scour protection 
on theThorntonbank. Black dots 
represent observations in each repli­
cate; the red line connects seasonal 
averages. The background colours 
represent the seasons (green: spring, 
red: summer, purple: autumn, blue: 
winter). The numbers on the X-axis 
represent the number of days after 
installation of the foundations. The 
vertical line represents the approxi­
mate time the scour protection was 
put in place.
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S im ila r to  th e  fo u n d a tio n s , sp e c ie s  a rriv ing  ea rly  In th e  su c ­
cess ion  are m ore  like ly  to  e s ta b lish  than  sp e c ie s  a rriv ing  later. 
O u t o f a to ta l o f 80 spec ie s , 23 (28 .8% ) w e re  fo u n d  In m ore  
than  7 5 %  o f th e  sa m p le s  a fte r th e  f irs t  o b se rva tio n . Tw elve 
o f th e s e  spe c ie s  w e re  o b se rve d  fo r th e  f irs t  t im e  at th e  f irs t  
sa m p ling  occas ion , f ive  at th e  tw o  fo llo w in g  sam p lings . A t 
each sa m p ling  occas ion , th e re  are genera lly  m ore  spe c ie s  
fo u nd  on th e  sco u r p ro te c tio n s  than  In th e  sc rap ings, on aver­
age re sp e c tive ly  3 3 .8  and 27, and re la tive ly  m ore  spe c ie s  are 
rare (on average 4.1 ve rsu s  2.1 species). The th re e  d im e n s io n ­
al c o m p le x ity  o f th e  s to n e s  m ig h t p rov ide  a su ita b le  hab ita t 
to  a la rger range o f spec ies . A dd itiona lly , th e  d e n se  g ro w th  o f 
m a in ly  J. h e rd m a n i o r  th e  fo u n d a tio n s  can p re ve n t th e  s e ttle ­
m e n t o f ce rta in  o rgan ism s. F low ever, th e  sam p led  su rface  o f 
th e  s to n e s  o f th e  sco u r p ro te c tio n  Is s o m e tim e s  h igher, w h ich  
can cause  so m e  bias as th e  chance o f e n c o u n te r in g  m ore  
(rare) spec ies  Increases w ith  an Increasing sam p ling  surface.

The sp e c ie s  c o m p o s itio n  d iffe rs  b e tw e e n  th e  fo u n d a tio n s  and 
th e  sco u r p ro te c tio n . M o n o c o ro p h iu m  ache ru s icu m  appar­
e n tly  th riv e s  b e tte r on th e  sco u r p ro te c tio n  than  th e  o th e r

tu b e  bu ild ing  am p h lp o d  J. he rdm an i, e spec ia lly  early  In th e  
co lo n isa tio n  period. A n o th e r a m p h lp o d  th a t Is m a in ly  fo u nd  
on th e  s co u r p ro te c tio n  Is P h tis ica  m arina, w ith  m a x im u m  
d e n s itie s  o f 1500 In d /m 2, co m p a re d  w ith  40 0  In d /m 2 on th e  
fo u nd a tio n s . D uring th e  last m on ito r in g  year, R m arina  w a s  
no longe r fo u n d  on th e  fo u n d a tio n s , w h ile  It s till o ccu rred  on 
th e  sco u r p ro te c tio n  w ith  d e n s itie s  o f up to  200  per In d /m 2. 
W ith in  th e  s te n o th o ld  spec ies , a spatia l se g re g a tio n  occurs :
S. va lida  w a s  m o re  n u m e ro u s  on th e  ve rtica l su rface  o f th e  
fo u n d a tio n s , w h ile  S. m o n o c u lo id e s  w a s  a lm o s t e xc lus ive ly  
fo u nd  on th e  sco u r p ro te c tio n .

The barnacle  Verruca s tro e m ia  co lo n ise s  th e  sco u r p ro te c tio n  
a fte r Balanus c ren a tu s  has d isappeared . The dense  J. h e rd ­
m a n i tu r f  p robab ly  h inde rs  th e  s e tt le m e n t o f V. s tro e m ia  on 
th e  fo u nd a tio n s . Tubularia in d iv isa  en T. la rynx, b o th  d o m in a n t 
on th e  fo u n d a tio n s  (m a x im u m  coverage  o f 9 0 % ), are m uch 
less abundan t on th e  sco u r p ro te c tio n , w ith  a m a x im u m  
coverage  o f 15% . O n ly  A c tin ia ria  are equa lly  abundan t In bo th  
m lc ro h a b lta ts .
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IN CONCLUSION
S im ila r co lo n isa tio n  pa tte rn s  are o b se rve d  on th e  B ligh Bank 
and th e T h o rn to n b a n k . The sub tida l c o m m u n ity  on th e  fo u n d a ­
tio n s  o f th e  w in d  tu rb in e s  and sco u r p ro te c tio n  are la rge ly  
fo rm e d  d u ring  th e  f irs t  tw o  yea rs  a fte r th e  su b s tra ta  have 
been In tro d u ce d  In th e  m arine  sys te m . A fte rw a rd s , severa l 
spe c ie s  reach th e  su b s tra tu m , bu t m o s t o f th e m  are n o t able 
to  e s ta b lish  a p o pu la tion  o r b e co m e  an Im p o rta n t m e m b e r of 
th e  fo u lin g  co m m u n ity . M o s t o f th e  spe c ie s  fo u nd  are hard 
su b s tra ta  spec ies , c o n s e q u e n tly  th e y  are n e w  to  th e  area.

D e sp ite  la rge overa ll s im ila ritie s , a lso so m e  d iffe re n ce s  In th e  
c o m m u n ity  c o m p o s itio n  are fo u n d  b e tw e e n  th e  w in d  fa rm s. 
S om e spe c ie s  are re s tr ic te d  to , o r deve lop  b e tte r In, one area. 
This can be due  to  th e  d iffe re n t w a te r  m asses  th a t reach th e  
w ln d fa rm s , a nd /o r th e  d iffe re n t ty p e  o f su b s tra ta  th a t are 
available, w ith  co n c re te  fo u n d a tio n s  on th e T h o rn to n b a n k  and 
s tee l m on o p lle s  on th e  B llgh  Bank.

The sp e c ie s  d iv e rs ity  o f th e  fo u lin g  c o m m u n ity  on th e  sco u r 
p ro te c tio n  Is h ig h e r than  on th e  fo u nd a tio n s . This m ig h t be 
due to  th e  h ig h e r c o m p le x ity  o f th e  s to n y  sco u r p ro te c tio n , 
p rov id ing  a su ita b le  m lc ro h a b lta t fo r  a w id e r  range o f spec ies . 
A dd itiona lly , because  J. h e rd m a n i Is less d o m in a n t and th e  
s to n e s  are no t d e n se ly  cove red  by th e ir  tu b es , th e  s e tt le m e n t 
o f n e w  spe c ie s  m ig h t be less h am pered  than  on th e  fo u n d a ­
tions . On th e  o th e r hand, th e  sa m p ling  su rface  o f th e  s to n e s  
Is s o m e tim e s  larger, Increasing  th e  chance o f fin d in g  m ore  
(rare) spec ies .

There  appears  to  be a spatia l seg reg a tio n , w ith  s o m e  spec ies  
p re fe rring  e ith e r th e  sco u r p ro te c tio n  o r th e  fo u nd a tio n s . 
A lth o u g h  bo th  s tru c tu re s  are a rtific ia l hard su b s tra ta , th e y  
c o n s titu te  d iffe re n t hab ita ts . The s te e p  ve rtica l s tru c tu re  o f 
th e  fo u n d a tio n s  Is unusua l In th e  m arine  e co s y s te m , and has 
no natura l co u n te rp a rt In th e  N orth  Sea. B ecause th e y  lack 
any s truc tu ra l c o m p le x ity , th e y  can be e xp e c te d  to  p rov ide  a 
pa rticu la r e n v iro n m e n t. The fo u lin g  c o m m u n ity  w e  fo u nd  Is 
typ ica l and s im ila r to  w h a t has been d e scribed  on ve rtica l sur­
faces  o f fo r Ins tance  sh ip w re cks . The s to n e s  o f th e  sco u r p ro ­
te c tio n  on th e  o th e r hand, are m o re  co m p le x  w ith  d iffe re n tly  
o rie n ta te d  su rfa ce s  and ho les  w h e re  spe c ie s  can fin d  she lte r. 
This re se m b le s  m ore  th e  natura l hard su b s tra ta , h o w e ve r th e  
c o m m u n ity  occu p y in g  th e  s co u r p ro te c tio n  Is d iffe re n t.

The lo n g -te rm  co n tin u o u s  m on ito r in g  has proven  to  be va lu ­
able In In te rp re tin g  th e  pa tte rn s  on th e  fo u nd a tio n s . Yearly and 
seasonal va ria tion  Is h igh, b u t th e  fre q u e n t sa m p ling  ove r a 
fo u r yea r pe riod , a llow ed  a re liab le  In te rp re ta tio n  o f th e  data.

Hydractinia ech¡nata covering empty 
Balanus perforatus
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FURTHER MONITORING
In th e  fu tu re  m o n ito r in g , w e  w ill co n tin u e  to  sa m p le  th e  w in d  
fa rm s  th a t have been s tu d ie d  a lready fo r severa l years, and 
d iscussed  In th is  chapter, b u t a lso (som e of) th e  n e w  w in d  
fa rm s  y e t to  be bu ilt w ill be Inc luded  (C hapte r 2).

The m on ito r in g  p ro g ra m  has un til n o w  fo cu sse d  on de ta iled  
pa tte rn s  at sp e c ie s  level on and near a n u m b e r o f se le c te d  
w in d  tu rb in e s . E m phas is  In th e  fu tu re  w ill be p u t on la rger 
sca le  p rocesses . The t im e  se ries  w e  co lle c te d  has resu lte d  In 
a good u n d e rs ta n d in g  o f th e  co lo n isa tio n  and o f th e  d yn a m ­
ics early  In th e  success ion . W e  see  a s ta b ilisa tio n  o f th e  
c o m m u n ity  d e ve lo p m e n t, e spec ia lly  on th e  fo u nd a tio n s . The 
fo cu s  o f th e  research w ill n o w  m ove  on to  s tud y in g  a la rger 
su rface  area on th e  fo u n d a tio n s  to  b e tte r u n d e rs ta n d  th e  
spatia l h e te ro g e n e ity . This w ill be d one  th ro u g h  th e  ana lysis 
o f v id e o  a nd /o r p h o to  Im ages. V ideo  Im ages a llo w  qu a lita tive  
ana lysis o f la rge su rfaces. The advantage  o f p h o to  Im ages 
Is th a t th e  sa m e  q u adran ts  can be o b se rve d  re p e a te d ly  In a 
n o n -d e s tru c tive  m anner, a llo w in g  th e  sam e  area to  be s tud ied  
th ro u g h  tim e . W ith  th e  k n o w le d g e  o f th e  food  p re fe re n ce s  o f 
so m e  -  e co n o m ica lly  va luab le  -  spec ie s , a b e tte r a sse ssm e n t 
o f fo o d  ava ilab ility  fo r  th e  h ighe r tro p h ic  leve ls  can be m ade, 
and a b e tte r k n o w le d g e  o f th e  pos itio n  o f th e  fo u lin g  c o m m u ­
n ity  In th e  m arine  fo o d  w e b  cou ld  be gained.

For th e  m o n ito r in g  o f th e  s co u r p ro te c tio n , e m p h a s is  w ill be 
pu t on th e  use  o f th e  a rtific ia l ree fs  by la rger an im a ls , such as 
crabs and lo b s te rs  w h ic h  can use th e  s to n y  re e f fo r  she lte r. 
D ivers rep o rte d  th e ir  p resence , bu t th e  cu rre n t sam p ling  
te ch n iq u e s  do no t a llo w  s tu d y in g  th e ir  abundance  and d is tr i­
bu tion  ove r th e  reef. Traps can he lp  ana lys ing th e  m ega fauna  
c o m m u n ity  c o m p o s itio n  and th e ir  size and sex d is tr ib u tio n . 
V ideo-based  ana lyses o r o b se rva tio n s  by d ive rs  w ill g ive  b e t­
te r  Ins igh ts  In th e ir  spatia l d is tr ib u tio n  ove r th e  a rtific ia l reef.

The b io log ica l sa m p ling , by sc rap ing  fo u lin g  o f th e  fo u n d a ­
tio n s  and c o lle c tin g  s to n e s  o f th e  sco u r p ro te c tio n , w ill be 
co n tin ue d , b u t th e  te m p o ra l reso lu tio n  cou ld  be reduced , e.g. 
sa m p ling s  once  per yea r ra the r than  o nce  pe r season. A d ­
d itiona lly , b io m a ss  w ill be d e te rm in e d , w h ich  w ill.  In co m b in a ­
tio n  w ith  th e  p h o to -lm a ge s , a llo w  a b e tte r u n d e rs ta n d in g  o f 
th e  fo o d  ava ilab ility  fo r  h ig h e r tro p h ic  levels.

A n o th e r up-sca ling  w ill be d one  by sh ift in g  th e  fo cu s  fro m  
fe w  w in d  tu rb in e s  to  th e  p ro ce sse s  and d yn a m ics  a long an 
o n sh o re -o ffsh o re  g rad ien t. This w ill a llo w  assess ing  th e  In flu ­
ence  o f e n v iro n m e n ta l va riab les , such as susp e nd e d  p a rticu ­
late m a tte r co n ce n tra tio n , on th e  co lo n isa tio n  tra je c to r ie s  and 
zona tion  pa tte rn s  at o ffs h o re  w in d  tu rb ines .

Lobster Homarus gammarus
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