


15

Monitoring offshore wind farms in the 
Belgian part of the North Sea: 
Setting the scene
Robin Brabant*, Steven Degraer* and Bob Rumes *shared  f irs t  au tho rsh ip

Offshore wind farms are expected to contribute for about 
43% of the Belgian 2020 targets for renewable energy.Today, 
109 turbines are operational in the Belgian part of the North 
Sea. In the next few years, several hundred of turbines will 
be up and running. With 238 km2 reserved for offshore wind 
farms, major ecological impacts may however be expected. 
These impacts both positive and negative, triggered an 
environmental monitoring programme focusing on various 
aspects of the marine ecosystem components, but also on 
the human appreciation of offshore wind farms. This report 
targeting marine scientists, policy makers and managers, 
provides an overview of the major scientific achievements 
of six years of monitoring.

OFFSHORE WIND 
FARMS IN BELGIUM
The European D ire c tive  2001 /77 /E C  on 
th e  p ro m o tio n  o f e le c tr ic ity  p roduced  
fro m  ren e w a b le  e n e rg y  so u rce s  In th e  
In terna l e le c tr ic ity  m arke t, Im poses  
a ta rg e t fig u re  fo r  th e  co n trib u tio n  
o f th e  p ro d u c tio n  o f e le c tr ic ity  fro m  
ren e w a b le  e n e rg y  sou rce s  upon each 
M e m b e r S ta te . For B e lg ium , th is  
ta rg e t fig u re  Is 13%  o f th e  to ta l e n e rg y  
co n su m p tio n , w h ich  m u s t be achieved 
by 2020. O ffsh o re  w in d  fa rm s  In th e  
Belg ian part o f th e  N orth  Sea (BPNS) 
are e xp e c te d  to  m ake an Im p o rta n t 
c o n trib u tio n  (ca. 4 3 % , assu m in g  2 000  
M W  Insta lled  cap a c ity  by 2020) to  
ach ieve th a t goal.
W ith  th e  Royal D ecree  o f 17 M ay 
2004, a 264 k m 2 area w ith in  th e  
BPNS Is rese rved  fo r  th e  p ro d u c tio n  
o f e le c tr ic ity  fro m  w a te r, cu rre n ts  or 
w in d . It Is loca ted  b e tw e e n  tw o  m a jo r 
sh ipp ing  rou tes: th e  no rth  and sou th  
tra ffic  sepa ra tion  schem es. In 2011, th e  
zone w a s  ad ju s ted  on Its N o rth e rn  and 
S ou the rn  s ide  In o rd e r to  e nsu re  safe 
sh ipp ing  tra ffic  In th e  v ic in ity  o f th e  
w in d  fa rm s. A fte r  th is  a d ju s tm e n t th e

to ta l su rfa ce  o f th e  area a m o u n te d  to  
238  k m 2.
Prior to  Ins ta lling  a w in d  fa rm , a 
d e ve lo pe r m u s t ob ta in  (1) a dom a in  
co n ce ss io n  and (2) an e n v iro n m e n ta l 
p e rm it. W ith o u t an e n v iro n m e n ta l 
p e rm it, a p ro je c t d e ve lo pe r Is not 
a llo w e d  to  bu ild  and e xp lo it a w in d  
fa rm , even If a dom a in  co n ce ss io n  w a s  
g ran ted .
W h e n  a p ro je c t d e ve lo pe r app lies 
fo r  an e n v iro n m e n ta l p e rm it an 
a d m in is tra tive  p rocedu re , m a n d a to ry  
by law, s ta rts . This p ro ce d u re  has 
severa l s te p s , Inc lud ing  a pub lic  
co n su lta tio n  du ring  w h ich  th e  pub lic  
and o th e r s ta ke h o ld e rs  can exp ress  
any c o m m e n ts  o r o b je c tio n s  based on 
th e  e n v iro n m e n ta l Im pac t s tu d y  (EIS) 
th a t Is se t up by th e  p ro je c t deve loper. 
La te r on d u ring  th e  p e rm it p rocedu re , 
th e  M a n a g e m e n t U n it o f th e  N orth  
Sea M a th e m a tica l M o d e ls  (M U M M ), 
a S c ie n tif ic  S e rv ice  o f th e  O pera tiona l 
D ire c to ra te  Natura l E n v iro n m e n t (OD 
Nature) o f th e  Royal Belg ian In s titu te  
o f Natural S c iences  g ives advice

on th e  a c c e p ta b ility  o f expe c te d  
e n v iro n m e n ta l Im pacts  o f th e  fu tu re  
p ro je c t to  th e  M in is te r  re sp o n s ib le  fo r 
th e  m arine  e n v iro n m e n t. M U M M 's  
advice  Inc ludes an e n v iro n m e n ta l 
Im pac t a ss e s s m e n t (EIA), based on th e  
EIS. The M in is te r  th e n  g ra n ts  o r den ies 
th e  e n v iro n m e n ta l p e rm it In a du ly  
m o tiva te d  D ecree.
The e n v iro n m e n ta l p e rm it Inc ludes 
a n u m b e r o f te rm s  and c o n d itio n s  
In tended  to  m in im is e  and /o r m itig a te  
th e  Im pac t o f th e  p ro je c t on th e  m arine  
e co sys te m . F u rthe rm ore , as requ ired  by 
law, th e  p e rm it Im po se s  a m on ito r in g  
p ro g ra m m e  to  assess th e  e ffe c ts  o f th e  
p ro je c t on th e  m arine  e n v iro n m e n t.
A t p re se n t, f ive  p ro je c ts  w e re  
g ran ted  a dom a in  co n ce ss io n  and 
an e n v iro n m e n ta l p e rm it (from  
South  to  N orth : N orther, C-Power, 
R ente l, N o rth w ln d  &  B e lw ln d ).T w o  
add itiona l p ro je c ts  w e re  g ran ted  a 
dom a in  co n ce ss io n , one o f w h ic h  has 
s u b m itte d  Its app lica tion  to  ob ta in  an 
e n v iro n m e n ta l p e rm it In s u m m e r 2013 
(Table 1).
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Map o f the  Belgian part o f the  North 
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Decree of 17 May 2004, as adjusted 
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Table 1. Overview  of w ind  farm s in 
the  Belgian part o f the  North Sea 
(situation on 30th o f Septem ber 2013)

*num ber of turbines and/or total 
capacity still to  be decided

**2 0  M W  wave energy

Project
Num ber of 
turbines

Capacity
(MW)

Total capacity 
(MW)

Concession
obtained

Environmental 
permit obtained

Status

C-Power

phase 1 6 5

325

YES YES Phase 1
c o m p le te d  In 2009

phase
2& 3

48 6.15 YES YES E ntire  w in d  fa rm  
c o m p le te d  In 2013

Belwind

phase 1 55 3

330

YES YES Phase 1 c o m p le te d  
in 2011

phase 2 55 3 YES YES

Phase 2 
c o n s tru c tio n  
fo re se e n  to  s ta rt In 
2014

de m o 1 6 YES YES
A ls to m  Haliade 
d e m o  tu rb in e  
Ins ta lled  In 2013

Northwind 72 3 216 YES YES C ons tru c tio n
ongo ing

Norther 4 7 -  100 * 3-10 258  -  4 7 0 * YES YES
C ons tru c tio n  
fo re se e n  to  s ta rt In 
2014

Rentel 47  -  7 8 * 4-10 289  -  4 6 8 * YES YES
C ons tru c tio n  
fo re se e n  to  s ta rt In 
2016-2017

Sea star 4 1 * 4-10 252 -  5 4 0 * YES NO
C ons tru c tio n  
fo re se e n  to  s ta rt In 
2016-2017

Mermaid 7 5 * 6 * 4 5 0 * +  2 0 * * YES NO No In fo rm a tion

C-Power's onshore construction site of 
the gravity based foundations in Ostend.
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TIMELINE WIND FARMS DEVELOPMENT

The C -P ow er p ro je c t is 
loca ted  on th e T h o rn to n b a n k  
sandbank, loca ted  at 27 km  
o ff th e  Belg ian coast. In 2008, 
C -Pow er s ta rte d  w ith  th e  
co n s tru c tio n  o f th e  f irs t  phase 
o f Its p ro je c t, I.e. s ix  tu rb in e s  
on g ra v ity  based fo u n d a tio n s  
(GBF). A  GBF Is a ho llow , co n ­
c re te  s tru c tu re  th a t Is fille d  
w ith  sand once  It Is p laced on 
th e  seabed. D ue to  Its w e ig h t, 
It rem a ins  stab le . B e fo re  th e  
GBF can be p laced, th e  sea­
bed needs to  be p repared  to  
c rea te  a fla t su rface  on dense

Transport o f a gravity based foundation from  the  port of 
Ostend to  the  C-Power s ite  at theThorntonbank.

Assem bly of a C-Power phase 1 
turb ine on theThorntonbank.

The s ix  tu rb in e s  o f C -P ow er's  2009
f irs t  phase w e re  c o m m is ­
s ioned  and p ro duc ing  e le c tr i­
c ity  by M ay  10th, 2009.

▼ Phase 1 turbines on theThorntonbank.
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Pile d riv ing  o f m on o p lle s  
(MP) fo r th e  B e lw ind  p ro je c t 
on th e  B llgh Bank s ta rte d  on 
S e p te m b e r 8 th  2009. The 
56 th  and last m on o p lle  o f th e  
f irs t  phase w a s  Ins ta lled  on 
February 5 th  2010.

2010
Piling vessel (w ith  red and w h ite  hammer) 
at the  Belw ind site  on the  Bligh Bank.

A  tra n s itio n  p iece  (TP) w a s  
Ins ta lled  on e ve ry  B e lw ind  
m on o p lle . T heT P  m akes th e  
co n n e c tio n  b e tw e e n  th e  M P 
and th e  w in d  tu rb in e . In 2010, 
B e lw ind  Ins ta lled  55 w in d  tur­
b ines and one  o ffs h o re  high 
v o lta g e  s ta tio n . The e n tire  
phase 1 o f B e lw ind  w a s  fu lly  
ope ra tiona l fro m  D e ce m b e r 
31 s t 2010 onw ards.

Belw ind Phase 1 w ind  turbines on the  
Bligh Bank.

The c o n s tru c tio n  o f phase 2 
and 3 o f th e  C -Pow er p ro je c t 
(I.e. 48  tu rb in e s  and one 
o ffs h o re  tra n s fo rm e r s ta tion) 
s ta rte d  In sp ring  2011. The 
fo u n d a tio n  ty p e  fo r  th e  phase 
2 and 3 tu rb in e s  Is d iffe re n t 
fro m  th e  p ilo t phase  s ince  
jacke t fo u n d a tio n s , Instead 
o f th e  GBFs, w e re  Insta lled. 
T hese  fo u n d a tio n s  co n s is t 
o f a s tee l jacke t w ith  fo u r 
legs. The fo u n d a tio n s  w e re  
Ins ta lled  using th e  pre -p illng  
con ce p t: fo u r  pi n-pl I es w e re  
d riven  Into th e  seabed and 
th e  legs o f th e  fo u n d a tio n  
w e re  g ro u te d  on th e  p re-p lies.

Phase 3 jacket installation at the  
C-Power site.

▼

The C-Power offshore transform er 
station was installed on March 17th, 
2012. On the  background the  six 
phase 1 turbines and ongoing jacket 
installation.
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The co n s tru c tio n  o f th e  N orth - 
w in d  p ro je c t on th e  L o d ew ljk - 
bank s ta rte d  in sp ring  2013. 
The w in d  fa rm  is e xp e c te d  to  
be fu lly  ope ra tiona l by spring  
2014.

2012

In th e  s u m m e r o f 2013 th e  
e n tire  C -P ow er w in d  fa rm  
w a s  fin a lise d  and p roduc ing  
energy. The w in d  fa rm  w a s  
o ffic ia lly  Inaugura ted  on Sep­
te m b e r 17th, 2013.

Vessel on its w ay to  the Nortwind site on the Lodewijk- 
bank w ith  tw o  monopiles and tw o  transition pieces.

2013

Partial v iew  of the C-Power w ind farm.
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OFFSHORE WIND FARM MONITORING 
AND RESEARCH STRATEGY
The m on ito r in g  p ro g ra m m e  s ta rte d  in 2 005  w ith  th e  in ve s ti­
ga tion  o f th e  p re -im p ac t co n d itio n  o f th e  e c o s y s te m  and th e  
search fo r app ro p ria te  re fe re n ce  s ite s , b u t it w a s  co n tin ue d  
on ly  fro m  2 0 0 8  o n w a rd s  w h e n  th e  f irs t  s ix  w in d  tu rb in e s  w e re  
ins ta lled  o n to  th e T h o rn to n b a n k . The m on ito r in g  p ro g ra m m e  
ta rg e ts  physica l (I.e. h yd ro -g e o m o rp h o lo g y  and u n d e rw a te r 
no ise), b io log ica l (I.e. hard su b s tra tu m  ep lfauna , hard su b ­
s tra tu m  fish , so ft su b s tra tu m  m ac ro b e n th o s , so ft su b s tra tu m  
e p lb e n th o s  and fish , seab irds  and m arine  m am m a ls ), as w e ll as 
so c io -e co n o m ic  (I.e. seascape  p e rce p tio n  and o ffs h o re  ren e w a ­
b les apprec ia tion ) asp e c ts  o f th e  m arine  e n v iro n m e n t. M U M M  
co o rd in a te s  th e  m o n ito r in g  and cove rs  th e  s o c io -e co n o m ic  as­
p e c ts  o f th e  m o n ito r in g . OD N ature  fu r th e r  adds Its e xp e rtise  In 
hyd ro -g e om o rph o lo g y , u n d e rw a te r no ise , hard su b s tra tu m  and 
non -ln d lg e n o us  ep lfauna , m arine  m a m m a ls  and radar d e te c ­
tio n  o f seab irds . F urther co lla b o ra tio n s  c o m p le te  th e  n e ce ssa ry  
e xp e rtise  In th e  fo llo w in g  dom a ins: seab irds  (Research In s titu te  
fo r N atu re  and Forest), so ft su b s tra tu m  e p lb e n th o s  and fish  
(In s titu te  fo r  A g ricu ltu ra l and F ishe ries  Research), so ft s u b ­
s tra tu m  m a c ro b e n th o s , hard su b s tra tu m  fish  (M a rine  B io logy 
Research G roup, G hent U n ive rs ity ), above w a te r  no ise  (INTEC, 
G hent U n ive rs ity ), seabed m o rp h o lo g y  (IM D C ) and seascape 
(G ron tm lj).

W ith  th e  m on ito r in g  p ro g ra m m e , M U M M  and Its pa rtn e rs  (1) 
assess th e  e x te n t o f th e  an tic ip a te d  Im pa c ts  on th e  d iffe re n t 
asp e c ts  o f th e  m arine  e c o s y s te m  and (2) a im  at revea ling  th e  
p ro ce sse s  beh ind  th e s e  Im pacts . The f irs t  o b je c tive  Is basica lly  
tack led  th ro u g h  th e  basic m o n ito r in g , fo cu s in g  on th e  a p o s te ­
riori, re su lta n t Im pact q u a n tif ica tio n , w h ile  th e  second  m on ito r­
ing o b je c tive  Is cove red  by th e  ta rg e te d  o r p ro ce ss  m o n ito r in g , 
fo cu s in g  on th e  ca u se -e ffe c t re la tio n sh ip s  o f a p r io r i se le c te d  
Im pacts . As such, th e  basic m on ito r in g  dea ls w ith  o b se rv in g  
ra the r than  u n d e rs ta n d in g  Im pa c ts  and hence  leads to  area- 
sp e c ific  resu lts , w h ic h  m ig h t fo rm  a basis fo r  ha lting  a c tiv itie s . 
In th is  s tudy, basic m on ito r in g  g e n e ra lly  fo llo w s  a be fore -a fte r, 
c o n tro l- lm p a c t or BACI des ign , In w h ich  eco log ica l changes 
at th e  Im pact s ite  are co m p a re d  w ith  th e  eco log ica l co n d itio n  
be fo re  th e  Im pact and In n o n -lm p a c ted  re fe re n ce  or co n tro l 
s ites . Targe ted  m on ito r in g  on th e  o th e r hand dea ls w ith  th e  un ­
d e rs ta n d in g  o f th e  p ro ce sse s  beh ind  th e  Im pacts  o f a se lec ted  
se t o f h yp o th e s ise d  ca u se -e ffe c t re la tio n sh ip s  h igh ly  re levan t 
to  th e  w in d  e n e rg y  secto r. Th is  s te p  Is no t on ly  a p re re q u is ite  
fo r an e ffe c tiv e  re g u la to ry  a pp lica tion , b u t a lso p e rm its  (1 ) cur­
ren t and fu tu re  Im pac t m itig a tio n , (2) b e tte r p re d ic tio n  o f fu tu re  
Im pacts , as w e ll as (3) m ov ing  aw ay fro m  s ite -s p e c ific  o b se rva ­
tio n s  to  m o re  ge n e ric  kn o w le d g e . M o re  d e ta ils  on th is  to p ic  
can be fo u n d  In D egrae r and B rabant (2009).

SIX YEARS OF MONITORING AND 
RESEARCH
In add itio n  to  a s e t o f ea rly  s c ie n tif ic  rep o rts  p re se n tin g  th e  
base line  co n d itio n  at fu tu re  Im pac t and re fe re n ce  s ite s  (De 
M ae rsscha lck  e t al., 2 006 ; FH en rie t e t al., 2 006 ; V ane rm en  e t al., 
2006), an o v e rv ie w  o f th e  m a jo r a ch ie ve m e n ts  o f th e  m o n i­
to rin g  p ro g ra m m e  has been p re se n te d  In a se ries  o f yea rly  
pub lished , In teg ra ted  repo rts .

In 2 0 0 9  (D egraer and B rabant, 2009), w e  re p o rte d  on th e  
lessons  lea rn t and re c o m m e n d a tio n s  fro m  th e  f irs t  tw o  years  
o f e n v iro n m e n ta l m o n ito r in g . This re p o rt m ore  sp e c ifica lly  
eva lua ted  th e  a p p ro p ria te n e ss  o f th e  se le c te d  re fe re n ce  s ite s  
and re fe re n ce  co n d itio n s  fo r  bo th  th e  C -Pow er and th e  B e lw ind  
p ro jec ts . It fu r th e r  In troduced  th e  va riou s  e n v iro n m e n ta l data 
under su rve illa nce , Inc lud ing  a p re lim in a ry  eva lua tion  o f th e  
Im pac ts  linked  to  th e  c o n s tru c tio n  o f th e  f ir s t  s ix  tu rb in e s  at 
th e T h o rn to n b a n k . Its m ain  Im po rta nce  h o w e ve r Is fo u n d  In 
Its adv ices fo r  fu tu re  m on ito r in g  at th e  level o f te ch n ica litie s , 
s c ie n tif ic  des ign , as w e ll as research fo cu s  and s tra te g ie s .

D egraer e t al. (2010) th e n  fo cu sed  on th e  ea rly  and o r loca lised  
e n v iro n m e n ta l Im pac ts  o f th e  GBF w in d  tu rb in e s  (C-Power) and 
or m on o p lle s  (B e lw ind ), as w e ll as on th e  natura l s p a tio -te m ­
poral v a ria b ility  (I.e. d yn a m ic  equ ilib riu m ). Early Im pa c ts  w e re  
d e te c te d  fo r  th e  geophys ica l e n v iro n m e n t o f bo th  th e  GBF 
w in d  tu rb in e s  at th e T h o rn to n b a n k  and th e  m on o p lle  w in d  tur­
b ines at th e  B ligh Bank, th e  e s ta b lis h m e n t o f hard s u b s tra tu m  
b io ta  on and c lose  to  th e  GBF w in d  tu rb in e s  at th e T h o rn to n ­
bank, and th e  socia l a ttitu d e  to w a rd s  o ffs h o re  renew ab les . The 
natura l sp a tio -te m po ra l v a ria b ility  w a s  Inves tiga ted  fo r  th e  so ft

su b s tra tu m  m ac ro b e n th o s , so ft su b s tra tu m  e p lb e n th o s , so ft 
su b s tra tu m  fish  and m arine  m am m a ls .

In 2011 (D egraer e t al., 2011 ), a se le c tio n  o f ta rg e te d  m on ito r­
ing re su lts  w a s  p re se n te d  fo r  th e  f irs t  t im e , fro m  w h ich  w e  
a tte m p te d  to  c o n s tru c t a hyp o th e s is -d riven  Im pact scenario , 
Inc lud ing  p re su m e d  ca u se -e ffe c t re la tio n sh ip s  b e tw e e n  th e  
va rious  e c o s y s te m  co m p o n e n ts . The In teg ra tion  o f th e  m on ito r­
ing fin d in g s  o b ta ine d  so far, a lready a llo w e d  fo r  so m e  p re lim i­
nary sp e cu la tion  on th e  lo n g -te rm  Im pact p ro ce sse s  w ith in  
th e  Be lg ian w in d  fa rm  zone. T hose  w e re  a p ro longed  o rgan ic  
e n ric h m e n t o f a na tu ra lly  re la tive ly  poo r e n v iro n m e n t, an 
Increased fo o d  ava ilab ility  fo r e p lb e n th lc  and fish  p re d a to rs  and 
th e  Im proved  seab ird  and m arine  m am m a l h a b ita t qua lity. The 
B en th lc  E co sys te m  Q u a lity  Index  (BEQI) w a s  fu r th e r  app lied  to  
eva lua te  th e  dev ia tion  In m a c ro b e n th lc  dens ity , n u m b e r o f sp e ­
cies, spe c ie s  c o m p o s itio n  and b io m a ss  b e tw e e n  th e  be n th lc  
data co lle c te d  In th e  Im pac t area and th e  re fe re n ce  area, bo th  
fro m  th e  pe riod  b e fo re  and a fte r th e  co n s tru c tio n  o f th e  f irs t 
w in d  tu rb in e s .

The 2012 rep o rt (D egraer e t al., 2012) c o n tin u e d  bu ild ing  on a 
co m m o n  u n d e rs ta n d in g  o f th e  e n v iro n m e n ta l Im pa c ts  o f o ff­
sh o re  w in d  fa rm s . This Inc luded  th e  ca u se -e ffe c t re la tio n sh ip s  
o f o b se rve d  Im pac ts  w ith in  th e  ben th o s , a s tre n g th e n in g  o f th e  
v isua l d e te c tio n  o f Im pa c ts  on seab irds  and g e ttin g  prepared  
fo r go ing  o ffs h o re  w ith  th e  bird radar, and a q u a n tif ica tio n  o f 
ha rbour po rp o ise  P hocoena p h o coe n a  d is tu rb a n ce  by p iling  
ac tiv itie s .



THIS REPORT
This re p o rt f in a lly  p re se n ts  an In teg ra ted  o v e rv ie w  o f all 
s c ie n tif ic  f in d in g s  o f th e  Belg ian o ffs h o re  w in d  fa rm  m o n ito r in g  
p ro g ra m m e , w ith  th e  s p e c ific  a im  o f d ra w ing  lesso n s  fro m  
th e s e  fin d in g s  to  o p tim is e  fu tu re  m on ito r in g  p ro g ra m m e s . The 
rep o rt as such cove rs  a se ries  o f a n tic ip a te d  nega tive  (Part I) 
and p o s itive  Im pa c ts  (Part II), bu t a lso ta rg e ts  an u n d e rs ta n d in g  
o f th e  eco log ica l p ro ce sse s  beh ind  o b se rve d  Im pac ts  (Part 
III). F urther c o n s id e ra tio n s  on c o n te x t se ttin g , nuanc lng  and 
re fle c tio n s  on fu tu re  m o n ito r in g  are fu r th e r  p re se n te d  In Parts 
IV andV , respective ly .

Part I rep o rts  on th e  a n tic ip a te d  nega tive  Im pac ts , w ith :

•  th e  d is rup tio n  o f a p re v io u s ly  unspo iled  seascape  by 
o ffs h o re  w in d  fa rm s  v is ib le  fro m  th e  coas t (C hapter 3); 
a lte red  s e d im e n t ch a ra c te ris tics  and Increased e ros ion  
o f th e  natura l sandy s e d im e n ts  a round w in d  tu rb in e  
fo u n d a tio n s  because  o f a cce le ra ting  cu rre n ts  n ex t to  
th e  fo u n d a tio n s  (C hapte r 4);

•  a m a jo r d is tu rb a n ce  o f seab irds  because  o f avo idance 
and co llis io n  by seab irds  (C hapter 5);

•  Increased co n s tru c tio n  and e x p lo ita tio n  no ise  leve ls  and 
th e  assoc ia ted  Im pac t on m arine  m a m m a ls  and fish  
(C hapte rs 6 and 7).

Part II ta rg e ts  a se t o f a n tic ip a te d  pos itive  Im pacts , w ith :

•  an e n ric h m e n t o f th e  s o ft-s u b s tra tu m  m acro-, e p lb e n th o s  
and fish  as a re su lt o f e .g. th e  exc lus ion  o f f is h e rie s  fro m  
th e  w in d  fa rm s  (C hap te rs  8, 9 and 10);

•  an a ttra c tio n  o f fis h  by th e  In troduced  hard subs tra ta  
(C hapte r 11 );

•  an Increased spe c ie s  r ichness because  o f th e  In tro d u c tio n  
o f hard su b s tra ta  (I.e. w in d  tu rb in e  fo u nd a tio n s ) and
a co n s e q u e n t fo u lin g  by hard su b s tra ta  Inve rte b ra te s  
(C hapte r 12).

Part III fo c u s e s  on th e  re su lts  fro m  th e  ta rg e te d  m o n ito r in g , 
h ence  she d d ing  a lig h t o n to  ca u se -e ffe c t re la tio n sh ip s  beh ind  
th e  o b se rve d  changes In th e  e c o s y s te m  (e.g. a rtific ia l reef, 
re fu g iu m  and eco log ica l trap  e ffe c ts ; see  Box), w ith :

•  a local e n ric h m e n t In so ft s e d im e n t m a c ro b e n th o s  c lose  to  
w in d  tu rb in e s  (C hapter 13);

•  a (possib le) a ttra c tio n  o f f ish , seab irds  and m arine  
m am m a ls  as a co n se q u e n ce  o f h a b ita t a lte ra tio n s  
(C hapte rs 14, 15 and 16).

Part IV a lm s at p u tting  all fin d in g s  In to  a w id e r  co n te x t, as such 
nuanc lng  a n tic ip a te d  pos itive  and nega tive  e ffe c ts , w ith :
•  an In tro d u c tio n  to  eco log ica l p itfa lls  and un in ten d e d  

c o n se q u e n ce s  In n o n -ln d lg e n o us  b lo fo u lln g  o rgan ism s, 
a ttra c te d  fis h  and co llid ing  seab irds  (C hap te r 17);

•  a c o n te x t se ttin g  o f th e  loca lly  o b se rve d  Increase  In 
b io d ive rs ity  and b io m a ss  (C hapte r 18)

P a rtV  f in a lly  re fle c ts  on th e  o p tim is a tio n  o f th e  fu tu re  o ffsh o re  
w in d  fa rm  m on ito r in g  (C hapte r 19).

W h ile  p rov id ing  an o v e rv ie w  o f all m a jo r s c ie n tif ic  f in d in g s , 
th is  re p o rt a lso se rve s  as a fee db a ck  m o m e n t a fte r s ix 
yea rs  o f m on ito r in g  and research. Such feedb a ck  m o m e n t 
n e ce ss ita te s  th e  a tte n tio n  n o t on ly  o f sc ie n tis ts , b u t a lso 
o f th e  o ffs h o re  w in d  e n e rg y  s e c to r  as w e ll as m arine  po licy  
m akers  and m anagers , and th e  pub lic  at large. A s Its ta rg e t 
aud ience  hence  Is v e ry  w id e  w e  have chosen to  re s tr ic t th e  
s c ie n tif ic  d e ta ils  to  th a t level needed  to  c o m p re h e n d  ou r 
m a jo r fin d in g s . The rep o rt m ay and shou ld  hence  be read as a 
non -sp e c la lls t d o cu m e n t. W e  fu lly  u n d e rs ta n d  s o m e  readers 
w o u ld  h o w e ve r be In te re s te d  In g e ttin g  m ore  de ta il, fo r  w h ich  
w e  re fe r to  th e  In teg ra ted  s c ie n tif ic  rep o rts  In troduced  above 
(D egraer and B rabant, 2 009 ; D egrae r e t al., 2010, 2011, 2012), 
all d o w n lo a d a b le  fro m  w w w .m u m m .a c .b e . A lte rn a tive ly , th o se  
readers  m ay d ire c tly  w a n t to  ge t In touch  w ith  th e  au tho rs  of 
th e  chap te rs , w h o s e  c o n ta c t de ta ils  m ay be fo u nd  at page 239.

http://www.mumm.ac.be
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BOX:
The eco log ica l h yp o th e s is -d e rive d  te rm s  a rtific ia l ree f 
e ffe c t, re fu g iu m  e ffe c t and eco log ica l trap  e ffe c t are 
c o m m o n ly  used th ro u g h o u t th is  repo rt. The fo llo w in g  
d e fin it io n s  asce rta in  th e  reader to  be c lea r on w h a t Is 
m e a n t by th e s e  te rm s .

A rtif ic ia l ree f /  ree f e ffe c t (Langham er, 2012)

W h e n  In troduced  In to  th e  m arine  e n v iro n m e n t, 
w in d  tu rb in e s  to g e th e r  w ith  th e ir  assoc ia ted  scou r 
p ro te c tio n , c o n s titu te  an a rtific ia l ree f w h ich  m eans 
th a t th e  su rfa ce s  are read ily  co lo n ise d  by a typ ica l 
and b road ly  p re d ic ta b le  asse m b la g e  o f o rgan ism s, 
re fle c tin g  zona tion  pa tte rn s  o b se rve d  In ad jacen t rocky 
sho re  c o m m u n itie s . A lth o u g h  th e  s c ie n tif ic  lite ra tu re  
m o s tly  ag reed  th a t th e re  Is like ly  to  be a pos itive  e ffe c t 
on fis h  and crabs, th e  e x te n t and na ture  o f th e  e ffe c t 
Is heav ily  d e p e n d e n t on th e  na tu re  o f th e  ree f c rea ted , 
th e  loca tion , and th e  ch a ra c te ris tics  o f th e  native  
p o p u la tio n s  at th e  t im e  o f In troduc ing  th e  a rtific ia l reef.

R e fu g iu m  e f fe c t /  no tra w lin g  zone (Langham er, 2012)

E s tab lish ing  o ffs h o re  w in d  fa rm s  fa c ilita te s  th e  
c rea tio n  o f n o -tra w lln g  zones, cove ring  hundreds  
to  th o u sa n d s  square  k ilo m e tre s . A s such, w in d  
fa rm s  m ay p re ve n t f lsh e rle s - ln d u ce d  s tirrin g  up o f 
b o tto m  s e d im e n ts  and load ing su sp e nd e d  so lids  
In to  th e  w a te r  co lu m n , as w e ll as a d ire c t redu c tio n  
In vu ln e ra b le  spec ies , b iod ive rs ity , p ro d u c tio n  and 
b io m a ss  In genera l. T hese  n o -tra w lln g  zones as such 
m itig a te  h a b ita t lo sses and deg rada tion . In th e s e  areas 
ju ve n ile  fish  w ill have a h ig h e r chance  to  su rv ive . Even 
o lder, la rger fish  w ill have Increased su rv iva l ra tes  and 
In th is  w a y  o ffs h o re  w in d  fa rm s  m ay c o n tr ib u te  to  a 
sp ill ove r e ffe c t. A  c o n s e q u e n t h ig h e r fis h in g  p ressu re  
at th e  e dge  o f th e  w in d  fa rm s  m ay c o u n te ra c t th is  
a n tic ip a te d  pos itive  e ffec t.

E co log ica l trap  (R obertson  and H u tto , 2006)

In su d d e n ly  a lte red  e c o s y s te m s  as Is th e  case  fo r 
th e  co n s tru c tio n  o f o ffs h o re  w in d  fa rm s , eco log ica l 
trap s  m ay arise. W h e n  an o rg a n ism  Is a ttrac ted  to , 
and p re fe ra b ly  se ttle s  In a hab ita t w ith  su b o p tim a l 
co n d itio n s  re la tive  to  o th e r availab le hab ita ts , It Is 
ca u g h t In a so-ca lled  eco log ica l trap . E co log ica l traps 
are th o u g h t to  o ccu r w h e n  th e  a ttra c tive n e ss  o f a 
h a b ita t Increases d is p ro p o rtio n a te ly  re la tive  to  Its va lue  
fo r  su rv iva l and rep ro d u c tion . H ab ita t cho ices are a 
co n se q u e n ce  o f natura l s e le c tio n  and are based upon 
a n u m b e r o f eco log ica l cues w h ic h  Ind ica te  th e  q u a lity  
s ta tu s  o f a hab ita t. An eco log ica l trap  m ay o ccu r w h e n  
changes In th e  e n v iro n m e n t act to  unco up le  th e  cues 
used  to  assess hab ita t q u a lity  fro m  th e  tru e  q u a lity  o f 
th e  e n v iro n m e n t.


