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Does it really matter? 
Changes in species richness and 
biomass at different spatial scales
Bob Rumes, Delphine Coates, Ilse De Mesel, Jozefien Derweduwen, 
Francis Kerckhof, Jan Reubens and Sofie Vandendriessche

Since the installation of the wind farm foundations and 
associated scour protection in an area previously char­
acterized by soft bottom sediments, the number of hard 
substrate associated fish and benthic species has in­
creased markedly. At the level of a single turbine foot­
print a nearly 4000-fold increase in autumn biomass was 
observed, whereas at the level of the entire wind farm a 
14-fold increase was observed. Further development of 
the entire Belgian wind energy zone may increase ben­
thic biomass by as much as 3% of the current estimated 
benthic biomass in the Belgian part of the North Sea.

INTRODUCTION
The artific ial ree f e ffec t and th e  resu ltan t 
attraction  o f fish  species to  w in d  tu rb ine  
founda tions are o ften  considered  th e  m a­
jo r benefits  o f o ffsho re  w in d  fa rm  deve l­
o p m e n t fo r th e  m arine env ironm en t. The 
Installation o f artific ial hard substra te  In 
an area prev iously  know n fo r so ft bo ttom  
se d im e n ts  w ill Increase local b iod ivers ity  
due to  an In flux o f hard substra te  associ­
ated species. In con junction  w ith  the  
exclusion o f com m erc ia l fish ing  In th e  area 
(Chapter 8), both th is  deve lopm en t o f the  
hard substra te  eplfauna (Chapter 12) and 
th e  organic e n richm en t o f th e  so ft substra ­
tu m  ben thos associa ted w ith  th e  turb ine 
founda tions (Chapter 13) w ill Increase local 
p roduc tiv ity  and b iom ass. By com bin ing  
th e  data co llec ted  on th e  various ecosys­
te m  co m p o n e n ts  w e  de te rm in e  In th is  
chapter h o w  species richness, as a proxy 
fo r b iodiversity, and b iom ass, as a proxy fo r 
productiv ity , have changed s ince th e  Instal­
lation o f th e  firs t o ffsho re  w in d  turb ines. 
These changes are evaluated at d iffe ren t 
scales ranging fro m  tu rb ine  fo o tp r in t (for 
th e  th ree  founda tion  typ e s  present) and a 
sing le w in d  fa rm  concession  area to  the  
en tire  Belgian w in d  energy zone and the  
Belgian part o f th e  N orth Sea.

RESEARCH STRATEGY
In th e  conce ss io n  zone o f th e  o ffsh o re  
w in d  fa rm  at th e T h o rn to n b a n k  
(C hap te r 2), spe c ie s  richness  and 
b io m a ss  and data o f th e  fo llo w in g  
fu n c tio n a l g ro u p s  are co llec ted : 
so ft s e d im e n t e p lb e n th o s , so ft 
s e d im e n t e n d o b e n th o s  and ep lfo u lln g  
m ac ro b e n th o s . S pec ies  richness data are 
co lle c te d  fo r d em ersa l, b e n th o p e la g lc  
and hard s u b s tra te  assoc ia ted  fish  and 
squ id . Hard s u b s tra te  assoc ia ted  fish  
sp e c ie s  are th o s e  spe c ie s  kn o w n  to  
live p re d o m in a n tly  on o r near natura l or 
a rtific ia l hard su b s tra te . For In fo rm a tion  
on th e  m an n e r In w h ich  th e s e  data are 
co lle c te d  w e  re fe r to  th e ir  resp e c tive  
p rev ious  chap te rs  In th is  b ook  and ea rlie r 
rep o rts  (D egrae r e t al., 2010, 2011, 2012).

A  c o m p re h e n s ive  spe c ie s  lis t (see also 
A n n e x  1) Is co m p lie d  ta k in g  In to  acco u n t 
th o s e  sp e c ie s  o r taxa  o b se rve d  In th e  
co n ce ss io n  area p rio r to  th e  co n s tru c tio n  
o f th e  f irs t  tu rb in e  fo u n d a tio n s  (base line  
m o n ito r in g : 2 0 05-ea rly  2008) as w e ll as 
th o s e  sp e c ie s  o r taxa  o b se rve d  In th e  
co n ce ss io n  area a fte r to  th e  c o n s tru c tio n  
o f th e  f irs t  tu rb in e  fo u n d a tio n s  (Im pact 
m o n ito r in g : a u tum n  2008-2012). The year 
o f f irs t  o b se rva n ce  w a s  d e te rm in e d  as

w e ll as th e  fa c t w h e th e r  th is  spec ies  
w a s  o b se rve d  at m u ltip le  occas ions, 
th e  la tte r as an Ind ica tion  fo r  co n tin ue d  
p rese n ce  In th e  area. S pec ies  and 
co n g en e rs  w h ic h  cou ld  n o t be Iden tified  
to  th e  sp e c ie s  level had to  be co m b in e d  
on h ig h e r ta x o n o m ic  leve ls  to  achieve 
a h o m o g e n e o u s  ta x o n o m ic  reso lu tio n  
a m ong  th e  d iffe re n t fu n c tio n a l g roups.

B iom ass  Is e xp ressed  as ash fre e  
d ry  w e ig h t (AFDW ) In au tum n  2 005  
(baseline) and 2012 (Im pact). For th e  
fo u lin g  c o m m u n ity , data o f 2011 are 
used s ince  m e te o ro lo g ic a lly  adve rse  
co n d itio n s  p re ve n te d  th e  au tum n  2012 
sam p ling . The f irs t  tu rb in e  fo u n d a tio n s  
In Belg ian w a te rs  w e re  co lo n ise d  by 
an e x te ns ive  e p lfo u lln g  c o m m u n ity  
w ith in  3 .5  m o n th s  a fte r Ins ta lla tion  
(K erckho f e t al., 2009). For th e  pu rpose  
o f th is  study, no s ig n ific a n t order-o f- 
m a g n ltu d e  d iffe re n ce s  w ith  th e  2012 
b io m a ss  are e xp e c te d  s ince  th e  hard 
s u b s tra te  ep lfauna Is co lle c te d  fro m  
th e  co n c re te  g ra v ity  based fo u n d a tio n s  
(GBF) Ins ta lled  In 2 0 0 8  and th e  
co lo n isa tio n  and su cce ss io n  on th e  
s tru c tu re s  has s ta b ilise d  In th e  last 
fe w  years  (C hap te r 12). For e n d o -a n d
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A fte r  co n s tru c tio n , d is t in c t c o m m u n it ie s  o f e p ifo u lin g  m acro b ­
e n th o s  w e re  o b se rve d  on th e  fo u n d a tio n  in th e  sp lash zone, 
th e  in te rtid a l zone, th e  sub tlda l part o f th e  fo u n d a tio n s , and 
also on th e  a rm o u r layer o f th e  sco u r p ro te c tio n  (C hap te r 12). 
The f i lte r  layer o f th e  sco u r p ro te c tio n  w a s  rap id ly  cove red  
by sand. D ue to  th e  co m p le x  3D  na tu re  o f th e  a rm o u r layer It 
p rov ides  an e s tim a te d  add itiona l 65 032 m 2 o f a rtific ia l hard 
su b s tra te  at th e  GBF fo u nd a tio n . Per jacke t fo u n d a tio n  a to ta l 
su b m e rg e d  su b s tra te  su rfa ce  o f 1280 m 2 Is a ssu m e d  (Krone 
e t al., 2013a). For m o n o p lle  fo u n d a tio n s , th e  m o s t co m m o n  
ty p e  o f tu rb in e  p re se n t In th e  Be lg ian part o f th e  N orth  Sea, 
w e  used  th e  d im e n s io n s  o f th e  m o n o p lle  fo u n d a tio n s  p re se n t 
on th e  Lodew ljkb an k . An o v e rv ie w  o f th e  ava ilab le  su rfa ce s  Is 
g iven  In ta b le  1.

The w in d  fa rm  co n ce ss io n  area on th e T h o rn to n b a n k  covers  
19.83 k m 2. The w in d  fa rm  co n s is ts  o f 55 fo u n d a tio n s : s ix  GBF 
w ith  sco u r p ro te c tio n , 48  jacke t fo u n d a tio n s  w ith o u t scou r 
p ro te c tio n  and one jacke t fo u n d a tio n  o f th e  OFIVS w ith  sco u r 
p ro te c tio n  (Bolle  e t al., 2012). The w in d  fa rm  on th e  B llgh  bank 
has used 56 m on o p lle  fo u n d a tio n s  and one  jacke t fo u n d a tio n  
In Its phase 1, w ith  up to  55 tu rb in e s  y e t to  be Ins ta lled  during  
phase 2. In th e  w in d  fa rm  on th e  L o d e w ljkb a n k  73 m o n o p lle  
fo u n d a tio n s  have been Insta lled . In add ition  to  th e s e  a lready 
co n s tru c te d  w in d  fa rm s , fo u r m o re  w e re  licensed  w ith  up to  
315 add itiona l tu rb in e s  o f w h ich  th e  fo u n d a tio n  ty p e s  are as y e t 
unce rta in .

1A volume of 1306 m3 of rocks was deposited w ith  a layer thickness o f 0.7 m. The top half of 
the layer (653 m3) is found to be consistently above the level o f siltation throughout the moni­
toring period and as a result is colonized by hard substrate epifauna. Using the average surface 
to volume ratio as based on the recovered rocks (N=14) and an average interstitial space 
between the rocks of 40%, an area o f 65032 m2 of armour layer hard substrate is calculated.

Table 1. Overview of the newly avail­
able hard substrate surface area per 
structure for the three foundation types 
present in the BPNS. For the GBF the 
dimensions of the D5 foundation were 
used, for monopile dimensions of the 
structures installed at the Lodewijkbank 
were used. n.d. means not determined.

Foundation type

splash zone intertidal zone subtidal zone scour protection

arm our layer filte r layer

Surface area in m 2

GBF (CP-D5) 62 76 671 1866 376

Jacket n.d. 51 1280 0 0

Monopile (NW) 39 58 518 471 82

e p lb e n th o s  no A F D W  data o f 2009-2011 are used , as th e  
m a jo r ity  o f th e  tu rb in e  fo u n d a tio n s  In th e  w in d  fa rm  area w a s  
Ins ta lled  on ly  as la te  as 2011, and as such th e  data fo r  2008- 
2011 are n o t be con s id e re d  rep re se n ta tive . Total b iom ass  on 
th e  tu rb in e  fo u n d a tio n  and sco u r p ro te c tio n  w a s  ca lcu la ted  
by m u ltip ly in g  th e  average b io m a ss  pe r m 2 by su rface  area o f 
th e  re sp e c tive  d e p th  zone  (In te rtida l, s u b m e rg e d  fo u n d a tio n , 
sco u r p ro te c tio n ) and s u m m in g  up th e  va lues fro m  all d e p th  
zones (exc lud ing  th e  sp lash zone). For th e  In te rtida l zone, 
lacking q u a n tita tiv e  sam p le s , b io m a ss  data fro m  Krone e t al. 
(2013a) w a s  used, s ince  a s im ila r M y tilu s  edu lis  d o m in a te d  
ep lfauna  w a s  o b se rved . A t th e  t im e  o f w r it in g , no b iom ass  
data are availab le on th e  a u tum n  fo u lin g  c o m m u n ity  on th e  
m ore  re ce n tly  Ins ta lled  m o n o p lle  and jacke t fo u n d a tio n s  and 
th e re fo re  b io m a ss  data o f th e  sub tlda l part o f th e  GBF Is used 
In th e  e x tra p o la tio n  o f th is  data to  m on o p lle  fo u nd a tio n s . For 
jacke t fo u n d a tio n s , w h e re  a M y tilu s  edu lis  d o m in a te d  sub tlda l 
ep lfauna  w a s  o b se rve d  up to  au tum n  2013, b io m a ss  data fro m  
Krone e t al. (2013a) w a s  used.

Each o f th e  fo u n d a tio n  ty p e s  (F igure  1) has a d iffe re n t 
fo o tp r in t area on th e  seabed. For a s ing le  GBF, th e  In itia l typ e  
o f fo u n d a tio n  used  on th e T h o rn to n b a n k , th e  fo o tp r in t o f 
th e  co n c re te  s tru c tu re  co m p ris e s  177 m 2. In add ition , th e re  
Is a sco u r p ro te c tio n  su rro u n d in g  th e  GBF c o m p rise d  o f an 
a rm o u r (m ed ian  d ia m e te r o f th e  s to n e s  o f 35 0  m m ) and f i lte r  
layer (m ed ian  d ia m e te r o f th e  s to n e s  o f 50 m m ). T hese  add 
re sp e c tive ly  a n o th e r 1866 m 2 and 376 m 2 to  th e  to ta l fo o tp r in t 
o f th e  s tru c tu re  (Pelre e t al., 2009). A s such th e  to ta l fo o tp r in t 
area p rio r to  c o n s tru c tio n  Is 2419 m 2 In th e  absence  o f a scou r 
p ro te c tio n  th e  fo o tp r in ts  o f th e  s te e l jacke t fo u n d a tio n s  used 
on th e T h o rn to n b a n k  a m o u n t to  3 57  m 2 pe r fo u nd a tio n . O ne 
cou ld  even a rgue  th a t du ring  th e  ope ra tiona l phase th e  loss o f 
sandy s e d im e n t Is lim ite d  to  on ly  th e  fo u r anchoring  p o in t w ith  
a to ta l area o f ~10 m 2. Tw o ty p e s  o f s te e l m o n o p lle  fo u n d a tio n s  
w e re  used on th e  B llgh bank and th e  Lodew ljkb an k . W e  
ca lcu la ted  th e  fo o tp r in t o f th e  la tte r s ince  m ore  o f th e se  
have been Insta lled . A  to ta l m on o p lle  fo o tp r in t o f 573 m 2 Is 
c o m p rise d  o f 20 m 2 fo o tp r in t o f th e  s te e l s tru c tu re  and 553 m 2 
o f th e  sco u r p ro te c tio n .
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Figurel. Foundation types present in 
the Belgian part of the North Sea (from 
left to right: Gravity based. Jacket and 
Monopile foundation) with indication 
of the different fouling depth zones:
I splash zone, II intertidal zone. III 
submerged foundation, and IV scour 
protection (if present).

Ill

IV

SPECIES RICHNESS
A  to ta l o f 44  fish  spe c ie s  and fo u r  spe c ie s  o f squ id  w e re  
o b se rve d  In th e  w in d  fa rm  area fro m  2 005  to  2012 (F igure  2). 
Prior to  th e  Ins ta lla tion  o f th e  tu rb in e  fo u n d a tio n s , 38 spec ies  
w e re  reco rded  Inc lud ing  tw o  hard s u b s tra te  assoc ia ted  
spec ies : sea bass (D ice n tra rch u s  labrax) and pou ting  
(T risop te rus luscus). A fte r  th e  Ins ta lla tion  o f th e  fo u n d a tio n s  th e  
n u m b e r o f hard s u b s tra te  assoc ia ted  fish  sp e c ie s  Increased to  
e ig h t w ith  th e  add itio n  o f c o m b to o th  b lenn ies  (B lenn iidae  sp.), 
w ra s s e s  (Labridae sp.), le m on  so le  (M ic ro s to m u s  kitt), A tla n tic  
po llock  (Pollachius po llach ius), sa lth e  (Pollachius v irens), and 
black seab ream  (S p o n d y lio so m a  cantharus).

Figure 2. Species richness of fish 
and squid in the wind farm area prior 
and post construction of the (first) 
turbine foundations with distinction 
between demersal and benthope- 
lagic species and hard substrate 
associated species.

O ur resu lts  s u g g e s t th a t th e  spe c ie s  pool o f fis h  and squ id  
p re se n t In th e  w in d  fa rm  area on th e T h o rn to n b a n k  has no t 
und e rg o n e  d ra s tic  changes. W ith  a s in g le  e xce p tion  (pa in ted  
goby -  P om a tosch is tu s  p ic tus) all spe c ie s  o b se rve d  p rio r to  th e  
Ins ta lla tion  o f th e  tu rb in e  fo u n d a tio n s  are s till p re se n t a fte r th e  
Ins ta lla tion . The m ain  d iffe re n ce  o b se rve d  Is an Increase In th e  
n u m b e r o f hard s u b s tra te  assoc ia ted  fish  sp e c ie s  (from  2 to  8). 
A t Plorns Rev, a D anish o ffs h o re  w in d  fa rm  loca ted  on a sandy 
seabed, a s im ila r Increase  In ree f h a b ita t fish  spe c ie s  w a s  
o b se rve d  (Leonhard  e t al., 2013). It Is un like ly  th a t th e  lim ite d  
Increase In sp e c ie s  r ichness o f dem e rsa l and b e n th o p e la g lc  
fish  and squ id  sp e c ie s  (from  40  to  43 spec ies) Is due  to  th e  
exc lus ion  o f co m m e rc ia l f ish in g  In th e  area s ince  m o s t o f th e se  
sp e c ie s  w ill no t s tay  w ith in  a s ing le  w in d  fa rm  co n ce ss io n  area 
fo r lo n g e r pe riods  (L ind e b o o m  e t al., 2011).

Species richness - Fish and Squid

■  demersal and benthopelagic species

■  hard substrate associated species

-10 m

-20 m

36 39

pre-construction post-construction
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A  to ta l o f 285  b e n th ic  sp e c ie s  w e re  o b se rve d  In th e  w in d  fa rm  
area fro m  2 0 0 5  to  2012. Prior to  th e  Ins ta lla tion  o f th e  tu rb in e  
fo u n d a tio n s , 91 spe c ie s  w e re  reco rded , Inc lud ing  te n  hard 
su b s tra te  a ssoc ia ted  spe c ie s  (~ 11 % ). T hese  hard su b s tra te  
assoc ia ted  sp e c ie s  w e re  p robab ly  recove red  fro m  e ith e r she ll 
fra g m e n ts  o r coa rse r se d im e n ts . A fte r  th e  Ins ta lla tion  o f th e  
tu rb in e  fo u n d a tio n s  th e  n u m b e r o f hard su b s tra te  assoc ia ted  
spe c ie s  Increased to  100 o u t o f 264  spe c ie s  o b se rve d  In 
to ta l (~38% ). 83 sp e c ie s  are reco rded  o n ly  once , o f w h ich  
re sp e c tive ly  21 and 62 w e re  o b se rve d  o n ly  b e fo re  and a fte r 
co n s tru c tio n  o f th e  f irs t  tu rb in e  fo u nd a tio n s .

In co n tra s t to  th e  spe c ie s  o f fish  and squ id , th e  n u m b e r 
o f b e n th ic  sp e c ie s  o b se rve d  In th e  co n ce ss io n  area has 
m ore  than  d o u b led  s ince  th e  Ins ta lla tion  o f th e  f irs t  tu rb in e  
fo u n d a tio n s  (from  91 to  264 , F igure  3). The n u m b e r o f hard 
su b s tra te  a ssoc ia ted  spe c ie s  has Increased fro m  10 to  100. The 
large m a jo r ity  o f th e  la tte r (90) w e re  o b se rve d  fo r th e  f irs t  t im e  
In th e  co n ce ss io n  area a fte r th e  Ins ta lla tion  o f th e  fo u nd a tio n s . 
T hese  Inc lude  bo th  th e  d o m in a n t In te rtida l spec ies , such as 
T e lm a toge ton  ja p o n icu s , M y tilu s  edu lis  and, S em iba lanus  
ba lano ides, as w e ll as th e  d o m in a n t sub tlda l spec ies , such as 
Jassa he rdm an i, Tubularia  spp. and E lectra  p ilosa. Prior to  th e  
Ins ta lla tion  o f th e  tu rb in e  fo u n d a tio n s , on ly  she lls  and coa rse r 
s e d im e n ts  w e re  availab le as s u b s tra te  fo r  such spec ies .

M an y  o f th e  sp e c ie s  fo u nd  In th e  area fo r  th e  f irs t  t im e , had 
a lready been rep o rte d  fro m  e ls e w h e re  In th e  Be lg ian Part o f 
th e  N orth  Sea, fo r Ins tance  on sh ip w re cks . Both w re c k s  and 
tu rb in e  fo u n d a tio n s  p rov ide  pa tches o f hard su b s tra ta  In sea 
beds d o m in a te d  by so ft se d im e n ts . On th e s e  w re c k s  a to ta l 
o f 224  hard s u b s tra te  a ssoc ia ted  spe c ie s  has been obse rve d  
(Z lntzen, 2007). A s  such It can be e xp e c te d  th a t th e  n u m b e r o f 
spe c ie s  typ ic a lly  assoc ia ted  w ith  hard s u b s tra te  w ill co n tin u e  
to  Increase  In th e  w in d  fa rm  zone In th e  co m ing  yea rs  due 
to  co lo n isa tio n  by add itiona l spec ies , a c o n tin u in g  Increase 
In availab le hab ita t, expans ion  o f th is  w in d  fa rm  zone e.g. to  
Inc lude  th e  g u llie s  b e tw e e n  th e  sand banks, and th e  ongo ing  
sa m p ling  e ffo rt.

In add itio n  to  th is , th e  n u m b e r o f so ft s e d im e n t b e n th ic  
spe c ie s  o b se rve d  m ore  than  doub led , fro m  81 to  164. W h ile  
th e  exc lus ion  o f c o m m e rc ia l fis h in g  In th e  area and th e  o rgan ic  
e n ric h m e n t o f th e  so ft b o tto m  s e d im e n ts  m ay a cco u n t fo r 
part o f th is  Increase  In spe c ie s  richness, It Is like ly  th a t a p o s t­

Species richness - Benthos

■  hard substrate associated species

■  soft sediment associated species

10

81

co n s tru c tio n  Increase  In sa m p ling  e ffo rt p lays a s ig n ifica n t roll 
(n u m b e r o f e p lb e n th lc  sa m p le s  2005-2008 : 16 /2009-2012:
28, n u m b e r o f m a c ro b e n th lc  sam p les : 2005-2008 : 6 0 / 2009- 
2012: 66). A  c lear s h ift In th e  b e n th ic  sp e c ie s  co m p o s itio n  
o f th e  so ft s e d im e n ts  w a s  on ly  o b se rve d  In th e  Im m e d ia te  
v ic in ity  o f th e  fo u n d a tio n s , w h e re  an a ccu m u la tio n  o f juve n ile  
s ta rfish  (A ste riidae  juv.) and o p p o rtu n is tic  p o lychae tes  such 
as Spio  sp. and S p iophanes  b o m b y x  w a s  o b se rve d  (C oates e t 
al., 2012). In th e  res t o f th e  conce ss io n  area th e  s o ft b o tto m  
be n th ic  c o m m u n it ie s  are s till d o m in a te d  by th e  sam e  taxa 
as be fo re  (C hapters 9 &  10). 83 spe c ie s  o u t o f a to ta l o f 285  
be n th ic  spe c ie s  ever reg is te re d  In th e  area, w e re  reco rded  on ly  
once. Th is  Ind ica tes th e  lo w  p ro b a b ility  o f e n c o u n te r in g  th e se  
sp e c ie s  and m ay pa rtly  also be due  to  d iffe re n ce  In ta x o n o m ic  
keys used by d iffe re n t reseachers. It Is like ly  th a t th is  n u m b e r 
w ill decre a se  as lo n g -te rm  m on ito r in g  co n tin u e s  and overa ll 
sa m p ling  e ffo rt Increases.

O f th e  333  taxa reco rded  Inc lud ing  44  fish  and fo u r squ id  
sp e c ie s  and 285  b e n th ic  spec ie s , on ly  fo u r w e re  n e w  fo r  th e  
Belg ian part o f th e  N orth  Sea: F enestru lina  de lic ia , H a rm o th o e  
an tilopes , M o lg u la  co m p la n a ta  and Polydora ca u lle ry i (F igure  4). 
A ll fo u r hard s u b s tra te  assoc ia ted  spe c ie s  are p re se n t In th e  
su rro u n d in g  UK, French and /o r D utch  m arine  w a te rs  and 
th e  absence  o f reco rds  o f th e s e  sp e c ie s  In p rev ious  Belgian 
d a tase ts  m ay be Ind ica tive  o f th e  re la tive ly  poo r k n o w le d g e  of 
th e  fauna o f th e  natura l hard s u b s tra te  ra the r than  an e x te ns ion  
o f th e ir  geograph ica l range. A dd itiona lly , fo u r  p re v io u s ly  on ly  
once  o r rare ly  o b se rve d  taxa w e re  no ted : T he lepus se to sus , 
Ip h im e d ia  nexa, M a ja  sq u in a do  (sp ide r crab) and H om arus  
g a m m a ru s  (European lobste r) (F igure  8).

Figure 3. Species richness of 
benthos in the wind farm area prior 
and post construction of the (first) 
turbine foundations with distinction 
between soft sediment and hard 
substrata associated benthos taxa.
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BIOMASS
A u tu m n  b e n th ic  b io m a ss  fo r  a s ing le  GBF fo o tp r in t increased 
~ 4 0 0 0  fo ld  fro m  0 .6  kg A F D W  In 2 005  (p re -cons truc tion ) to  
~ 2 5 0 0  kg (po s t-co n s tru c tlo n ) (F igure  5). For th is  p a rticu la r 
fo u n d a tio n  s tru c tu re , th e  m a jo r ity  o f th e  hard s u b s tra te  
ep lfauna l b io m a ss  w a s  s itu a ted  at th e  sco u r p ro te c tio n  (89% ) 
fo llo w e d  by th e  In te rtida l M y tilu s  zone  (10% ), w ith  on ly  
th e  rem a in ing  (1 %) loca ted  on th e  s u b m e rg e d  part o f th e  
fo u nd a tio n . E p lb e n th o s  and e n d o b e n th o s  are assu m e d  to  have 
reco lon lzed  th e  s ilted  f i lte r  layer (376.4 m 2).

Figure 4. Species newly observed 
for the Belgian part of the North 
Sea. From left to right: the bryozoan 
Fenestrulina delicia (see also S.E.M. 
picture at the front of this chapter), 
the annelid worms Harmothoe anti­
lopes and Polydora caulleryi (anterior 
end, drawing adapted from Blake, 
1971) and the tunicate Molgula 
complanata

Figure 5. Autumn biomass prior 
(2005) and post (2012) construction 
of the offshore wind farm for the 
footprint of a single GBF
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C om parison  o f th e  ca lcu la ted  to ta l au tum n  b io m a ss  fo r  th e  
th re e  fo u n d a tio n  ty p e s  used  In th e  BPNS s h o w s  tha t, d e sp ite  
a m uch h ig h e r sub tlda l area and a d iffe re n t fo u lin g  c o m m u n ity , 
jacke t fou nd a tio n s  w ill have a lo w e r ep lfou llng  b iom ass 
(Figure 6). The h ig h e s t e p lfo u lln g  b io m a ss  Is e xp e c te d  at th e  
GBF w h ic h  has a s izab le  sco u r p ro te c tio n .

Figure 6. Calculated total autumn 
biomass (in AFDW) for a single 
concrete gravity based foundation 
(GBF), steel jacket foundation and 
steel monopile foundation present in 
the Belgian part of the North Sea.
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For th e  e n tire T h o rn to n b a n k  w in d  fa rm  co n ce ss io n , w ith  s ix  
GBF and 49  jacke t fo u n d a tio n s , th e  a u tum n  b io m a ss  increased  
a bou t 14 fo ld  fro m  4 .8  to  69 .6  to n  A F D W  (F igure 7). E p iben th ic  
and e n d o b e n th ic  b io m a ss  increased  by 311 and 2 3 0 %  
respective ly . In co n tra s t, e p ib e n th ic  b io m a ss  In th e  re fe rence  
area Increased on ly  by 1.3% . For e n d o b e n th o s  th e  Increase 
fa lls  w ith in  th e  b ounda ries  o f th e  Inter-annual va ria tion . In th is  
w in d  fa rm  th e  s ix  GBF (w ith  sco u r p ro te c tio n ) a cco u n t fo r  a 
b iom ass  com p a ra b le  to  th a t o f 35  jacke t fo u n d a tio n s  w ith o u t 
s co u r p ro te c tio n  (see a lso F igure  6).

Z ln tzen  e t al. (2008b) e s tim a te d  a m ean ep lfauna  b iom ass  
o f 288  g A F D W  n r 2 fo r  n ine Belg ian sh ip w re cks , w ith  h ighe r 
va lues fo r coasta l s ite s  w ith  M e tr id iu m  s e n ile  assem b lages.
In a D utch  s tu d y  by L e e w ls  e t al. (2000) th e  average b iom ass  
o f th e  M e tr id iu m  s e n ile  asse m b la g e  w a s  1072 g A F D W  n r 2. 
T hese  va lues  are h ig h e r than  w h a t w e  o b se rve d  fo r ep lfauna  
b iom ass  on th e  fo u n d a tio n s  (48 g A F D W  n r 2 fo r  th e  
su b m e rg e d  part o f th e  GBF fo u n d a tio n s , and 35  g A F D W  n r 2, 
fo r th e  sco u r p ro te c tio n ), w ith  e xce p tion  fo r th e  In te rtida l zone 
(3298 g A F D W  n r 2 ). W h ile  th e s e  d iffe re n ce s  In va lues  m ay In 
part re fle c t th e  d iffe re n ce  In ep lfauna o f a re c e n tly  co lon ized  
o ffs h o re  su b s tra te  and a coasta l m a tu re  hard s u b s tra te  
co m m u n ity , w e  shou ld  also take  In to  a cco u n t th e  s tron g  
seasonal and In te rannua l va ria tio n s  as w e  used  data fro m  
au tum n  2012 and bo th  Z ln tzen  e t al. and L e e w ls  e t al used late 
sp ring  to  s u m m e r data.

U sing th e  size o f th e  seabed  fo o tp r in t o f th e  d iffe re n t 
fo u n d a tio n  ty p e s  and th e  availab le su rfa ce  o f th e  resp e c tive  
s truc tu re s , w e  ca lcu la ted  an ep lfauna b iom ass  n r 2 fo o tp r ln to f 
1132 g A F D W  n r 2 fo r  G B F 1230  g A F D W  n r 2 fo r jacke t 
fo u n d a tio n s , and 1603 g A F D W  n r 2 fo r  s te e l m o n o p lle  
fo u nd a tio n s . This Is m uch h ig h e r than  th e  so ft s e d im e n t 
b iom ass  o f 0 .8  g A F D W  n r 2 as m easu red  In th e  con ce ss io n  
zone. In genera l so ft s e d im e n t m a c ro b e n th o s  b iom ass  
va lues fo r th e  so u th e rn  N orth  Sea are a round 10 g A F D W  n r 2 
(D u lneve ld  e t al., 1991, FHelp e t al., 1992), w ith  h ig h e r va lues In 
th e  coasta l A bra  alba  c o m m u n ity  (30-50 g A F D W  rrr2, Prygle l e t 
al., 1988).

O ur resu lts  s h o w  th a t fo r th e  e n tire  T h o rn ton b a n k  w in d  fa rm  
con ce ss io n  area au tum n  b io m a ss  Increased a b o u t 14 fo ld . 
W h ile  th is  b io m a ss  e s tim a te  Is based on an e x tra p o la tio n  o f 
a lim ite d  n u m b e r o f sam p le s , and as such can be con s id e re d  
a v e ry  rough e s tim a te , It rem a in s  va lid  to  co n c lu d e  th a t 
th e re  Is an o rd e r o f m a g n itu d e  Increase  In b io m a ss  fo r  th e  
e n tire  co n ce ss io n  area -  as Is o b se rve d  In o th e r co u n tr ie s  
(L ind e b o o m  e t al., 2011, K rone e t al., 2013a, B lrk lund , 2006). 
This Increased b io m a ss  se rve s  as a food  resou rce  fo r th e  
fish  sp e c ie s  and -Ind ire c tly  - b ird spe c ie s  fo u nd  to  agg rega te  
or fo ra g e  near th e  a rtific ia l hard su b s tra te . This Is Illus tra ted  
by th e  la rge n u m b e rs  o f Trisop te rus lu scu s  (pou ting) and 
G adus m o rh u a  (A tla n tic  cod) o b se rve d  near th e s e  s tru c tu re s  
bo th  o f w h ich  are kn o w n  to  feed  on Jassa  spp .(R eubens  e t 
al., 2011 and 2013d). P re lim in a ry  re su lts  a lso s u g g e s t th a t 
severa l b ird  sp e c ie s  are a ttra c te d  to  th e T h o rn to n b a n k  area, 
Inc lud ing  spe c ie s  w ith  h igh p ro te c tio n  s ta tu s  such as S terna  
sa n d v ice ns is  (S andw ich  Tern), S terna  h irun d o  (C om m on  Tern) 
and H yd ro co lo e u s  m in u tu s  (L ittle  Guii) (Vanerm en e t al., 2012, 
C hap ter 15). A s  y e t no a ttra c tio n  fo r m arine  m a m m a ls  can be 
o b se rve d  (C hapte r 16) bu t th is  m ay be th e  resu lt o f ongo ing  
co n s tru c tio n  a c tiv it ie s  In nearby co n ce ss io n  areas, a ty p e  o f 
d is tu rb a n ce  th a t Is e xp e c te d  to  go on In te rm itte n tly  up to  2018.

In c o n tra s t to  D utch (L ind e b o o m  e t al., 2011 ), Danish (B lrk lund, 
2006) and G erm an (K rone e t al., 2013af o ffs h o re  fo u n d a tio n s  
as w e ll as th e  Be lg ian jacke t fo u n d a tio n s , o n ly  a fa irly  th in  
po rtion  o f th e  GBF and m on o p lle  fo u n d a tio n s  Is cove red  by 
M y tilu s  edu lis  (b lue m usse l), re su ltin g  In a lo w e r ep lfauna l 
b iom ass  fo r th e  s u b m e rg e d  part o f th e  fo u n d a tio n  co m pared  
to  th e  In te rtida l zone and sco u r p ro te c tio n . On th e  fo u n d a tio n s  
o f th e  F lorns Rev w in d  fa rm , A s te r ia s  rub e n s  (com m o n  
s ta rfish ) p layed a role as key p re d a to r In p re ve n tin g  a "m u s s e l 
m o n o c u ltu re "  fro m  d e ve lop ing  (Leonhard  &  B lrk lund , 2006). 
This m ay also be th e  case  here  as seasona lly  h igh d e n s itie s  o f 
A. rub e n s  have been o b se rve d  fro m  th e  GBF (K erckho f e t al., 
2010b) and su rro u n d in g  so ft s e d im e n ts  (C oates e t al., 2012).

Figure 7. Calculated autumn biomass 
(in AFDW) prior (2005) and post (2012) 
construction for the entire Thornton­
bank wind farm concession area.
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FUTURE MONITORING
W e  e xp e c t th a t, due to  th e  fu r th e r  d e v e lo p m e n t o f th e  Belgian 
w in d  e n e rg y  zone, th e  n u m b e r o f hard su b s tra te  assoc ia ted  
spe c ie s  p re se n t In an area p re v io u s ly  cha rac te rised  by so ft 
se d im e n ts  w ill Increase. F u rthe rm ore , th e  exc lus ion  o f fis h e rie s  
a c tiv it ie s  In th e  area Is e xp e c te d  to  a llo w  a n u m b e r o f b e n th ic  
spe c ie s  se n s itive  to  d is tu rb a n ce  to  recove r or reco lon lze . 
F low ever, th e s e  a rtific ia l hard su b s tra te  do no t p rov ide  a long 
te rm  s o lu tio n  fo r  th e  p re se rva tio n  o r re s to ra tio n  o f th e  fauna 
o f th e  th re a te n e d  natura l bo u ld e r fie ld s  and o ys te r banks s ince  
th e y  ha rbou r a d iffe re n t ep lfauna l c o m m u n ity  (K e rckho f e t al., 
2012) and have a re la tive ly  sh o rt e xp e c te d  life tim e  (~20-30  
years).

O ur resu lts  d e m o n s tra te  th a t th e re  Is a sp e c ta cu la r Increase 
In b io m a ss  as a re su lt o f th e  d e v e lo p m e n t o f fo u lin g  on th e  
fo u n d a tio n s  and assoc ia ted  sco u r p ro te c tio n . S ince th e  la rges t 
part o f th is  fo u lin g  b io m a ss  Is s itu a ted  on th e  sco u r p ro te c tio n  
and th e  p rese n ce  and e x te n t o f th e  sco u r p ro te c tio n  Is la rge ly  
re la ted  to  th e  ty p e  o f fo u n d a tio n , th e  Im pac t o f th e  fu r th e r  
d e v e lo p m e n t o f th e  e n tire  Belg ian w in d  e n e rg y  zone (w ith  
seven w in d  fa rm s  w ith  a to ta l o f 446 -5 3 0  tu rb in e s  licensed) 
w ill be la rge ly  d e p e n d e n t o f th e  fo u n d a tio n  ty p e s  chosen. D e­
pend ing  on th e  ty p e  o f fo u n d a tio n  chosen, rou g h ly  b e tw e e n  
1078 (all n e w  fo u n d a tio n s  GBF -  to ta l fo o tp r in t 0 .93  k m 2) and 
272 (all n e w  fo u n d a tio n  jacke t -  to ta l fo o tp r in t 0 .20  k m 2) to n  o f 
fo u lin g  A F D W  cou ld  be added to  th e  Belg ian part o f th e  N orth  
Sea re su ltin g  In th e  m axim a l add ition  o f c irca  3 %  o f th e  to ta l 
b iom ass  fro m  th e  BPNS .In co m p a riso n , all sh ip w re c k s  on th e  
BPNS to g e th e r  re p re se n t a fo o tp r in t b e tw e e n  0 .85  k m 2 and 
1.49 k m 2 and w e re  ca lcu la ted  by Z ln tzen  (2007) to  Increase 
th e  so ft s e d im e n t b io m a ss  o f th e  BPNS by a m a x im u m  o f 4 % . 
Future m o n ito r in g  w ill d e te rm in e  w h e th e r  o u r a ssu m p tio n s  
w ith  regards to  th e  fo u lin g  b io m a ss  on th e  jacke t and m o n o p lle  
fo u n d a tio n s  are valid.

If th e  o b je c tive  Is to  p re se rve  th e  so ft s e d im e n t fauna 
ch a ra c te ris tic  o f th e  area, than  licens ing  shou ld  fo cu s  on 
m in im is in g  th e  a m o u n t o f a rtific ia l hard s u b s tra te  In troduced  
to  zone I.e. a llo w in g  o n ly  jacke t ty p e  fo u nd a tio n s . If, on th e  
o th e r hand, th e  o b je c tive  Is to  co m b in e  ren e w a b le  e ne rgy  
d e v e lo p m e n t w ith  th e  p ro m o tio n  o f a n u m b e r o f hard 
su b s tra te  a ssoc ia ted  co m m e rc ia l spe c ie s  such as A tla n tic  
cod (R eubens e t al., 2013a), E uropean lo b s te r and ed ib le  crab, 
than  In tro d u c tio n  o f s izab le  a rtific ia l hard su b s tra te s  m ay be 
bene fic ia l a lth o ug h  th is  w ill need  to  be c o n firm e d  by s tu d ie s  on 
th e ir  res ide n ce  pe riods, food  and s h e lte r  re q u ire m e n ts .

2 Simplified extrapolation taking into account the already installed foundations and assuming 
similar foundation dimensions and fouling development for the entire wind energy zone. While 
both assumptions are clearly false (see e.g. Zintzen e t al., 2008b) they do allow for a rough 
order-of-magnitude estimate.

3 Assuming an average value of 10 g AFDW m _2 for the BPNS (as in Duineveld et a I., 1991 ; 
Heip et al., 1992)

Figure 8. Species only once or rarely 
encountered in the Belgian part of the 
North Sea prior to the construction of 
the offshore wind farm: Thelepus se­
tosus, Iphimedia nexa, Maja squinado 
(spider crab) and Homarus gammarus 
(European lobster).


