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Between the turbines: 
soft substrate epibenthos and fish

Sofie Vandendriessche, Jozefien Derweduwen and Kris Hostens

With the construction of wind farms, new hard substrates 
are introduced in the marine environment. The sediment 
between the turbine rows and around the wind farms, 
however, remains soft. Still, the inhabiting fauna can be 
influenced by the presence of the turbines (reef effect) 
in the wind farm and the absence of fisheries (refugium 
effect). These effects were investigated for epibenthos, 
demersal fish and benthopelagic fish in theThorntonbank 
and Bligh Bank wind farms. The analyses revealed some 
wind farm effects, but they were not consistent between 
wind farms. Fringe effects could not be shown.

INTRODUCTION
Since th e  s ta rt o f o ffshore  w in d  farm  
construc tion  in Europe, a num ber of 
s tud ies have described th e  ree f e ffec ts  
o f th e  n e w  hard substra tes  on ep ibenth ic  
fauna and on dem ersa l and ben thopelag ic  
fish  in the ir close v ic in ity  (e.g. W llh e lm sso n  
e t al., 2006; A ndersson  e t al., 2009; 
R eubens e t al., 2011 ; B e rgström  e t al., 
2013; R eubens e t al., 2013a). The sed im e n t 
o f th e  space be tw e en  th e  tu rb ines and 
the ir scour p ro tection  layers, however, 
rem ains soft. Still, th e  Inhabiting fauna 
can be In fluenced by th e  presence o f the  
tu rb ines In th e  w in d  fa rm  and the  absence 
o f fishe ries  (fisheries exclusion Is In fo rce  
In m o s t European w in d  farm s).
W in d  fa rm  e ffec ts  Include (1) dep le tion  of 
phytop lankton  by high dens ities  o f filtra ting  
o rgan ism s on and around th e  turb ine, 
w h ich  can negative ly  a ffect g ro w th  o f f ilte r 
feeders  on the  seabed (2) Input o f organic 
m ateria l fro m  organ ism s associated 
w ith  th e  turb ines, as w e ll as en trapm en t 
o f m ateria l by th e  turb ines, w h ich  
could enrich the  seabed and enhance 
abundances o f deposit-feed ing  organism s, 
and In turn benefit p redators on these, (3) 
predation by fish  and crabs associa ted w ith  
the  tu rb ines, w h ich  could negative ly a ffect 
abundances o f prey species and (4) a reef 
e ffec t enhancing abundances o f pelagic 
fish  species, and attracting fla tfish es  
to  th e  ree f (W llhe lm sson  e t al., 2006;

A ndersson  e t al., 2009; W llh e lm sso n  et 
al., 2009). Additionally, und e rw a te r noise, 
v ib ra tions and e lec trom agne tic  fie lds can 
cause d is tu rbance  and can In fluence the  
res iden t fauna (W ahlberg and W este rbe rg , 
2005; Petersen and M alm , 2006; see also 
chapter 6).
The exclusion o f fishe ries  activ ities fro m  
w in d  fa rm s and th e ir sa fe ty  buffers may 
have positive  e ffec ts  w ith in  th e  closed 
areas (e.g. Jaw orsk l e t al., 2006), but 
also negative e ffec ts  ou ts ide  the  w in d  
fa rm  borders due to  a local reallocation of 
f ish ing  e ffo rt (Berkenhagen e t al., 2010). 
The e ffec ts  o f such reallocations on fauna 
Inhabiting so ft substra tes  are know n as 
edge or fringe  e ffec ts  (see chapter 8).
The m os t deta iled  s tud ies on soft 
substra te  ep iben thos and/or fish  In w in d  
fa rm s have been carried ou t In Denm ark,
In the  UK and In The N etherlands, but at 
d iffe ren t tim e  scales and w ith  d iffe ren t 
designs and sam pling techniques. In 
D enm ark, gili ne ts w e re  com b ined  
w ith  dredges and hydro-acoustlcs 
b e tw e en  tu rb ines at d is tances up to  
230m  (Leonhard e ta l.,  2011). The resu lts 
show ed  changes In th e  fish  abundances 
and c o m m u n ity  and In species diversity. 
Seven years after construc tion , sm all scale 
e ffec ts  o f s ing le tu rb ines w e re  obvious, 
but Im pact e ffec ts  on th e  w in d  fa rm  scale 
could not be d iscerned fro m  large scale

population Im pacts. Van D eurs e t al. (2013) 
focused  on sandeels, fo r w h ich  negative 
e ffec ts  on juven iles w e re  observed. In 
th e  Netherlands (Lindeboom  e t al., 2011), 
sho rt-te rm  (2 years) m on ito ring  resu lts  
Indicated no e ffec ts  on the  ben thos 
In th e  sandy area b e tw e en  the  OW EZ 
turb ines, and only m inor e ffec ts  upon 
fish  assem blages, especia lly near the  
turb ines. A t d is tances about 200 m  fro m  
th e  turb ines, the re  w a s  an Increase of 
sole, w h itin g  and s triped  red m u lle t and 
a decrease o f lesser w e e ve r In th e  w in d  
fa rm  In com parison  to  th e  reference 
areas. A t th e  N orth Eloyle w in d  fa rm  
In th e  UK (Anonym ous, 2005), the re  
w a s  no ev idence o f any m ajor changes 
to  Invertebra te  or fish  num bers  and 
d is tribu tion , based on traw l sam ples taken 
during th e  construc tion  phase.

A s In m os t European w in d  farm s, the  
already construc ted  w in d  fa rm s at 
th e T h o rn to n b a n k  and th e  Bllgh Bank 
cons titu te  patches o f hard substra te  on a 
sea floor dom ina ted  by sandy sed im ents.
In th e  p resent study, w e  Investigated 
w h e th e r th e  so ft substra te  ep ibenthos, 
dem ersa l fish  and ben thopelag ic  fish  living 
b e tw e en  th e  tu rb ines and at th e  edges 
o f th e T h o rn to n b a n k  and Bllgh Bank w in d  
fa rm s have changed due to  w in d  fa rm  and 
fringe  e ffects.
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MONITORING DESIGN
To s tu d y  w in d  fa rm  e ffe c ts  and fr in g e  e ffe c ts  on th e  so ft 
su b s tra te  fauna, tra w l sa m p le s  w e re  taken  w ith in  th e  w in d  
fa rm s , and m o re  p re c ise ly  b e tw e e n  th e  tu rb in e  ro w s  (at least 
180m  fro m  th e  nea res t tu rb ine ), ju s t o u ts id e  th e  e d g es  o f 
th e  c o n ce ss io n s  (fringe  s ta tio ns ), and at re fe re n ce  s ta tio n s  
w e ll aw ay o f th e  c o n ce ss io n s  (F igure  1 ). On th e s e  track 
loca tions , fis h  fauna and e p ib e n th o s  w e re  sam p led  w ith  an 
8 -m e te r sh rim p  tra w l (22 m m  m esh  In th e  cod  end) equ ipped  
w ith  a bolder-chaln. The n e t w a s  to w e d  d u ring  15 m in u te s  at 
an average speed  o f 4 kno ts . Data on t im e , s ta rt and s top  
coo rd in a te s , tra je c to ry  and sa m p ling  d e p th  w e re  no ted  to  
enab le  a co rre c t co nve rs ion  to w a rd s  sam p le d  su rfa ce  un its . The 
fish  tracks  w e re  p o s itio n ed  fo llo w in g  d e p th  co n to u rs  th a t run

paralle l to  th e  coas tlin e , th e re b y  m in im iz ing  th e  d e p th  va ria tion  
w ith in  a s ing le  track. T hese  sa m p ling  a c tiv it ie s  w e re  repea ted  
e ve ry  s ix  m o n th s  (February-M arch  and S e p tem ber-O ctobe r) 
fro m  2005  to  2012 at th e T h o rn to n b a n k  (for co n s tru c tio n  
pe riods, see  cha p te r 2), and fro m  2 0 0 8  to  2012 at th e  B llgh 
Bank (for co n s tru c tio n  pe riods, see  cha p te r 2). From  th e se  
sam p les , ep lfauna , dem e rsa l fis h  and b e n th o p e la g ic  fish  
w e re  ana lysed In de ta il (see box 1). From  2 005  onw a rd s , th e  
sa m p ling  des ign  w a s  adapted  based on m on ito r in g  re su lts  and 
w in d  fa rm  access ib ility .

BOX 1: ecosystem components
Eplfauna: fauna  th a t live on a su rface , such as th e  sea floor, o th e r o rg a n ism s , or ob je c ts . Eplfauna o f s o ft su b s tra te s  are an im a ls  
th a t live on th e  su rface  o f sandy and m u d d y  se d im e n ts , and Inc lude b iva lves, snails, s ta rfish , op h lu ro ld s , sh rim p s  and crabs.

D em ersa l fish : fish  th a t live and feed  on or near th e  b o ttom . T hese Inc lude  f la tfis h  such as so le  and p laice, and sm all non -com - 
m erc la l spe c ie s  such as le sse r w e e v e r and th e  re ticu la te d  d ragone t.

B e n th o p e lag ic  fish : fis h  th a t Inhab it th e  w a te r  ju s t above th e  b o tto m , fe e d ing  on b e n th o s  and Zoop lankton . T hese Inc lude  w h it ­
ing, p o u ting , he rring , sp ra t and ho rse  m ackere l.

Pictures in Boxl:
Common sea star (Asterias rubens) 
Sole (Solea solea)
Sprat (Sprattus sprattus)
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W ind farms m onitoring design 
before construction
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Figure 1. BACI sampling design 
showing trawl locations before con­
struction and after construction (2012)
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W e  te s te d  w in d  fa rm  and fr in g e  e ffe c ts  fo r  th re e  e co sys te m  
co m p o n e n ts  (dem ersa l fish , b e n th o p e la g ic  fish , ep ib e n th o s ), 
fo r tw o  seasons  (au tum n and spring), fo r  tw o  sandbank 
ha b ita ts  (T ho rn tonbank  and B ligh  Bank) and fo r  tw o  su b h a b ita ts  
(sandbanks and gu llies). Test w e re  done  on dens ity , b iom ass  
and d iv e rs ity  data per e c o s y s te m  c o m p o n e n t, on c o m m u n ity  
s tru c tu re  pe r e c o s y s te m  co m p o n e n t, and on d e n s itie s  and slze- 
fre q u e n c ie s  o f a se le c tio n  o f spec ies .

The s ta tis tica l ana lyses w e re  based on th e  "B e fo re  A fte r  
C ontro l Im p a c t"  (BACI) des ign  (S m ith  e t al., 1993, see BOX 2), 
s im ila r to  th e  s tu d ie s  o f van D eurs  e t al. (2013) and Leonhard

e t al. (2011 ). S ince th e  n u m b e r o f yea rs  In th e  " a f te r "  g roup  
(I.e. ye a rs  a fte r co n s tru c tio n ) Is s till lim ite d  fo r pa rts  o f th e  
w in d  fa rm s  (the jacke t fo u n d a tio n s  o f th e T h o rn to n b a n k  w in d  
fa rm  w e re  c o n s tru c te d  b e tw e e n  2011 and 2013) and s ince  th e  
BACI des ign  d oes  n o t eas ily  p ick up te m p o ra ry  e ffe c ts , w e  also 
checked fo r  d iffe re n ce s  b e tw e e n  co n tro l and Im pac t sam p les  
w ith in  pa rticu la r years. The n u m b e r o f tra w l sa m p le s  Inc luded 
In th e  BACI des ign  te s ts  Is g iven  In ta b le  1. D iffe rences  
b e tw e e n  tre a tm e n t g ro u p s  ove r th e  yea rs  w e re  v isua lized  
using t im e  e vo lu tio n  graphs. N on -pa ra lle lism  In th e  tre n d  lines 
(con tro l ve rsu s  Im pact) w e re  In te rp re te d  as a poss ib le  s ign  of 
e n v iro n m e n ta l Im pact.

mmo
w in d  fa rm  e ffe c t

to p 5 7 7 8

spring gu lly 7 2 10 2

Thorntonbank
fr in g e  e ffe c t gu lly 7 4 10 8

w in d  fa rm  e ffe c t

to p 4 5 9 15

au tum n gu lly 4 1 2 13

fr in g e  e ffe c t gu lly 4 2 13 11

w in d  fa rm  e ffe c t

to p 2 2 6 2

spring gu lly 8 2 12 4

Bligh Bank
fr in g e  e ffe c t gu lly 8 4 12 4

w in d  fa rm  e ffe c t

to p 2 1 8 5

au tum n gu lly 7 2 16 5

fr in g e  e ffe c t gu lly 7 2 16 8

Table 1. Indication of the number of 
trawl samples included in each BACI 
test per treatment (BC: Before-Control; 
Bl: Before-Impact; AC: After-Control;
AI: After-Impact)

BOX 2: before after control impact -  BACI
The BACI des ign  d e sc rib e s  an e xp e rim e n ta l 
approach and ana lytica l m e th o d  to  trace  
e n v iro n m e n ta l e ffe c ts  fro m  su b s tan tia l m an- 
m ade  changes to  th e  e n v iro n m e n t. The a im  
o f th e  m e th o d  Is to  e s tim a te  th e  s ta te  o f 
th e  e n v iro n m e n t b e fo re  and a fte r (BA) any 
change and fu r th e r  to  co m p a re  changes at 
re fe re n ce  s ite s  (or c o n tro l s ites) w ith  th e  
actual area o f Im pact (w ind  fa rm  area) (Cl).
In th is  approach, an Im pact, If It ex is ts , can 
be d e te c te d  as a s ta tis tica l In te rac tion  In 
th e  d iffe re n ce  b e tw e e n  th e  Im pacted  and 
co n tro l lo ca tions  fro m  b e fo re  to  a fte r th e  
d is tu rbance . G raphically, e v id e n ce  o f an 
e n v iro n m e n ta l Im pact Is th e  non -pa ra lle lism  
o f th e  resp o n se  b e tw e e n  th e  co n tro l and 
th e  tre a tm e n t s ites . In th e  fig u re  to  th e  r igh t 
(Schw arz, 1998), th e  resu lts  In th e  f irs t  ro w  
above bo th  s h o w  no e n v iro n m e n ta l Im pact; 
th e  resu lts  In th e  b o tto m  ro w  all s h o w  ev i­
dence  o f an e n v iro n m e n ta l Im pact.

0>
E

before after

_a>
-Q

E

before after

a>
E

before after

_a>
-Q

E

before after

  impact
  control

_a>
-Q

E

before after
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Figure 2. Summary of the results 
of the statistical analyses. Red text 
Indicates significant effects (p<0.05) 
of the BACI Interaction term. Blue 
text Indicates significant Cl effects 
within specific years (BACI effect not 
significant). Arrows Indicate Increase 
or decrease.

C O M M U N IT Y  LEVEL

D ensity

B iom ass
ep ibenthos 
(BACI) t

ep ibenthos 
(2009) Î

Species num ber
dem ersa l fish 
(2008) I

Species com pos ition

SPECIES LEVEL

D ensity

M ean lenghth
w h iting  (BACI) 

t
dab (2011 ) 4-

D ensity

C O M M U N IT Y  LEVEL

Biom ass
ep ibenthos 
(BACI) t

ep ibenthos 
(BACI) t

Species num ber

Species com pos ition
dem ersa l fish 
(2012)

SPECIES LEVEL

D ensity
Sea star, so le 
(BACI) t

so le (2012), 
dab (2012) Î

so le  (2012), 
dab (2012) Î

sandeel (2012),
ophiuroids
(2009),
urchin (2009) i

M ean lenghth



104 S. Vandendriessche, J. Derweduwen and K. Hostens

FRINGE EFFECTS

Thorntonbank

Tw o s ig n ific a n t fr in g e  e ffe c ts  w e re  o b se rve d  at th e T h o rn ­
ton ba n k : increase  o f e p ib e n th o s  b io m a ss  and w h it in g  leng th  
(F igure 2). F low ever, ana lysis o f th e s e  resu lts  to g e th e r  w ith  
t im e  se ries  g raphs and leng th  fre q u e n c y  re su lts  (no t show n) 
s u g g e s ts  th a t th e  d iffe re n ce s  w e re  m inor.

Figure 3. Time series graphs of 
whiting length (average length in 
cm ± SE) and epibenthos biomass 
(average g wet weight per 1000m2 of 
seafloor ± SE) at theThorntonbank 
in spring
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Bligh Bank

A t th e  B llgh bank w in d  fa rm , e ffe c ts  b e tw e e n  fr in g e  and 
co n tro l s ta tio n s  w e re  on ly  seen  fo r so le  (Solea so le a ) and dab 
(L im anda lim anda) d e n s itie s  In sp ring  2012 (F igure 2 and 4). In 
bo th  cases, th e  n o n -pa ra lle lism s b e tw e e n  fr in g e  and re fe rence  
s ta tio n s  w e re  s tr ik in g  and h ig h e r d e n s itie s  w e re  o b se rve d  In 
th e  fr in g e  s ta tio ns . F low ever, th e s e  d iffe re n ce s  did no t resu lt 
In a BACI e ffe c t, so th e y  m ig h t be e ith e r te m p o ra ry  o r th e  f irs t 
s igns  o f a p e rs is te n t fr in g e  e ffec t. T hese resu lts  Ind ica te  th a t 
fr in g e  e ffe c ts  ju s t o u ts id e  th e  w in d  fa rm  co n ce ss io n s  cou ld  
no t be s h o w n  at th is  tim e .

Figure 4. Time series graphs of sole 
density (average number of Indi­
viduals per 1000m2 ± SE) and dab 
density at the Bligh Bank in spring
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WIND FARM EFFECTS

Thorntonbank

A t th e T h o rn to n b a n k , no s ig n ific a n t w in d  fa rm  e ffe c ts  w e re  
o b se rve d  w ith  BACI ana lyses. H ow ever, s ig n ific a n t d iffe re n ce s  
b e tw e e n  w in d  fa rm  co n tro l and Im pacts  s ta tio n s  w e re  o b ­
se rve d  w ith in  pa rticu la r yea rs  fo r  dab m ean leng th  (2012), e p ib ­
e n th o s  b io m a ss  (2009), and sp e c ie s  n u m b e r o f dem e rsa l fish  
(2009) (F igure 5). E p ib e n th o s  b io m a ss  w a s  h ig h e r at th e  w in d  
fa rm  to p  s ta tio n s  In 2 009  and 2012, bu t on ly  th e  d iffe re n ce  In 
2009  tu rn e d  o u t to  be s ig n ifica n t. In a u tum n  2008, th e  n u m b e r 
o f spe c ie s  w ith in  th e  dem ersa l fis h  w a s  lo w e r at th e  Im pac t 
g u lly  s ta tio n  than  at th e  re fe re n ce  s ta tio n s , b u t th is  resu lt w a s  
based on on ly  3 fis h  tracks.

Figure 5. Time series graphs dab 
length (average length in cm ± SE) 
and epibenthos biomass (average 
g wet weight per 1000m2 ± SE)
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Bligh Bank

W ith in  th e  B ligh Bank data, a large n u m b e r o f non-paral- 
le llsm s  w e re  o b se rve d  w ith in  th e  t im e  se ries  o f eco sys ­
te m  and sp e c ie s  pa ram e ters . O n ly  a fe w  o f th e s e  tu rned  
o u t to  be s ig n ific a n t w ith in  th e  BACI fra m e w o rk :

•  A n Increase  In e p ib e n th o s  b io m a ss  at th e  sandbank 
to p  s ta tio n s  w ith in  th e  w in d  fa rm , bo th  In au tum n  
and sp ring  (F igure 6)

•  Increases In th e  sp ring  d e n s itie s  o f th e  c o m m o n  sea 
s ta r (A s te r ia s  rub e n s ) a t th e  sandbank  to p  s ta tio n s  
w ith in  th e  w in d  fa rm  (F igure 6). S tro n g ly  Increased 
n u m b e rs  o f sea s ta rs  w e re  also o b se rve d  at th e  
g u lly  s ta tio n s , bo th  at th e  B llgh Bank and th e T h o rn ­
to n b a n k  (no t s ign ifican t). D e n s itie s  w e re  h ig h e s t In 
2011 at th e  B llgh Bank, and In 2012 at th e T h o rn to n ­
bank, I.e. 2 yea rs  a fte r co n s tru c tio n  (no t ta k in g  Into 
a cco u n t th e  g ra v ity  based fo u n d a tio n s  b u ilt In 2008). 
C om parison  o f d e n s ity  data and b io m a ss  data fo r 
th is  spec ies , Ind ica ted  th a t th e  Increases seen In th e  
g u llie s  w e re  m a in ly  due to  a re c ru itm e n t o f sm all 
Ind iv iduals. A t th e  sandbank to p s , tre n d s  In d e n s ity  
and b io m a ss  w e re  sim ilar.

•  Increases In th e  d e n s itie s  o f so le  at th e  sandbank 
to p  s ta tio n s  w ith in  th e  w in d  fa rm , caused by th e  
p re se n ce  o f so m e  young  Ind iv idua ls  ( 1 6 - 2 2  cm ) at 
th e  Im pac t s ta tio n s  In 2012 and th e  to ta l absence  of 
so le  at th e  re fe re n ce  s ta tio ns .

Figure 6 .Time series graphs of 
epibenthos biomass (average g wet 
weight per 1000m2 ± SE) and sea 
star sole densities (average number 
of Individuals per 1000m2 ± SE) at 
the Bllgh Bank
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N on-s¡gn¡f¡cant B A C I-e ffec ts , b u t e ffe c ts  w ith in  s p e c ific  years
w e re  o b se rve d  fo r  a n u m b e r o f fa c to rs  (F igure 7):
•  Dab and so le  d e n s itie s  in au tum n  2011 w e re  re la tive ly  high 

at th e  Im pact to p  s ta tio n s , bu t w e re  again lo w e r In 2012.
•  The dem e rsa l fish  sp e c ie s  c o m p o s itio n  w ith in  th e  gu llies  

o f th e  B llgh  Bank w a s  s ig n ific a n tly  d iffe re n t fro m  th e  one 
fo u nd  at th e  re fe re n ce  s ta tio n s  In au tum n  2012, w h ich  
w a s  m a in ly  due  to  d iffe re n t p ro p o rtio n s  o f so le n e tte
(B u g lo ss id iu m  lu te u m ), sandee l (A m m o d y te s  to b ia n u s ) 
and d ra g o n e t (C a llionym us lyra). O n ly  th e  d iffe re n ce s  In 
sandee l w e re  s ig n ifica n t.

•  In 2 009 , d e n s itie s  o f o p h lu ro ld s  (O ph iu ra  ophiura) and 
u rch ins  (P sa m m e ch in u s  m ilia ris ) w e re  lo w e r at Im pac t 
s ta tio n s  co m p a re d  to  re fe re n ce  s ta tio ns . Such a decrease  
In a u tum n  2 009  (during p iling  a c tiv itie s ) w a s  also seen fo r 
squ id  (A llo th e u tis  subu la ta ), d ra g o n e t and dab, a lthough  
no t s ig n ifica n t. For u rch ins, d e n s itie s  th e n  sp e c tacu la rly  
Increased In 2011 -  2012 bo th  In a u tum n  and sp ring . A  
s im ila r tre n d , a lth o ug h  less s tro n g  w a s  seen  fo r  op h lu ro ld s  
and h e rm it c rabs (Pagurus b e rn h a rdu s ). Fllgh n u m b e rs  o f 
young  o p h lu ro ld s  and sea s ta rs , and c lu s te rs  o f urch ins

have a lso been o b se rve d  on and near th e  tu rb in e s  (F 
Kerckhof, pers. co m m .), so th e  o b se rva tio n s  fro m  th e  
s u rro u n d in g  so ft s u b s tra te s  are p robab ly  th e  d ire c t resu lt 
o f th e  p rese n ce  o f hard su b s tra te s . E spec ia lly  fo r  th e  
urch ins, w h ich  fe e ds  p re d o m in a n tly  on se a w e e d , hydro lds, 
b ryozoans and barnacles, th e  p rese n ce  o f hard su b s tra te s  
Is o f g rea t Im po rta nce . The Increased d e n s itie s , e spec ia lly  
In th e  gu llie s , m ay resu lt fro m  d ls lo d g m e n t fro m  th e  
tu rb in e s  and fro m  th e  p re se n ce  o f coarse  s e d im e n ts  
a round th e  w in d  tu rb in e s , w h ich  Is th e  p re fe rred  hab ita t 
fo r  g reen  sea u rch ins. A dd itiona lly , u rch ins  are p rone  to  
physica l dam age  by tra w lin g  (Lokkeborg , 2005), so th is  
sp e c ie s  p ro fits  fro m  th e  absence  o f beam  tra w l fis h e rie s  
w ith in  th e  w in d  fa rm .

•  Sandeel d e n s itie s  (A m m o d y te s  tob ianus) w e re  lo w e r at 
th e  Im pac t gu lly  s ta tio n s  In a u tum n  2012. Trends In sandee l 
are d iscu sse d  In m o re  de ta il In th e  n ex t paragraph.

Figure 7.Time series graphs of sole, 
dab, ophiuroid and urchin densities 
(average number of individuals per 
1000m2 ± SE) at the Bligh Bank
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Urchin Psammechinus miliaris at the 
Bligh Bank wind farm

W e  a lso m ade  so m e  o b se rva tio n s  th a t w e re  n o t p icked up by 
th e  s ta tis tica l ana lyses bu t th a t are w o r th  m e n tio n in g  In th e  
c o n te x t o f w in d  fa rm  e ffec ts :

•  For p la ice  (P le u ro n ec te s  p la tessa) dens ity , th e re  w a s  a 
genera l Increase  In n u m b e rs  ove r th e  yea rs  (F igure  8).
In 2011, th is  tre n d  w a s  b roken  at th e  fr in g e  s ta tio n s , bu t 
again res to re d  In 2012. In 2012, n u m b e rs  had decreased  
In th e  Im pact gu lly  s ta tio n s , w h ile  n u m b e rs  at o th e r gu lly  
s ta tio n s  had Increased. P laice also se e m e d  to  be s lig h tly  
b igge r at th e  Im pact s ta tio n s  o f th e  B llgh Bank In 2011 
-  2012. No d ra m a tic  sh ifts  In p o pu la tion  s tru c tu re  w e re  
o b se rve d  based on le n g th -fre q u e n c y  ana lyses, b u t w e  did 
o b se rve  a sm all n u m b e r o f q u ite  la rge an im a ls  (30-43cm ), 
w h ich  had an Im p o rta n t In flu en ce  on th e  average leng th  
ca lcu la tions. The p rese n ce  o f la rge p la ice  w a s  a lso no ted  
du ring  d iv ing  o p e ra tio n s  In th e  B llgh  Bank w in d  fa rm

(J. R eubens, pers. co m m .), and Ind ica te  a re fu g iu m  e ffe c t 
fo r fla tfish . Th is  re fu g e  h yp o th e s is  Is a lso app licab le  to  
tu rb o t (P se tta  m axim a). A lth o u g h  th e  t im e  se ries  analysis 
fo r th is  f la tfis h  sp e c ie s  w a s  based on v e ry  fe w  sp e c im e n s , 
co m p a riso n s  w ith  ca tches e ls e w h e re  In th e  Belg ian part 
o f th e  N orth  Sea s u g g e s t th a t w in d  fa rm s  m ig h t In flu en ce  
th e  d e n s ity  and size o f th is  spec ies : 4 o u t o f 13 sp e c im e n s  
ca u g h t In th e  Belg ian part o f th e  N orth  Sea In 2011, fo r 
exam p le , o rig ina te d  fro m  Inside th e  w in d  fa rm . T hese  fo u r 
tu rb o ts  had an average leng th  o f 34  cm , w h ile  th e  average 
leng th  o f all o th e r sp e c im e n s  w a s  23 cm .

Figure 8. Time series graph of plaice 
density (individuals per 1000 m2) at 
the Bligh Bank
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•  The average le n g th  o f dab w a s  q u ite  sm all In th e  Im pact 
gu lly  s ta tio n s  In a u tum n  2011. W h e n  ta k in g  a c lo se r look 
at th e  le n g th -fre q u e n c y  d is tr ib u tio n s  (F igure 9), w e  sa w  
tha t, th ro u g h o u t th e  years, tw o  size c lasses cou ld  be 
d is tin g u ish e d  In dab fo r th e  re fe re n ce  s ta tio ns . In au tum n
2011, th e  n u m b e r o f fis h  fro m  th e  la rger size c lass w a s  
s tro n g ly  reduced  In fr in g e  and Im pact s ta tio ns . In au tum n
2012, n u m b e rs  w e re  reduced  In b o th  size c lasses. It 
appears th a t dab Is m ov ing  aw ay fro m  th e  fr in g e  and 
Im pac t s ta tio n s , In itia lly  on ly  la rger fish , b u t re ce n tly  also

th e  s m a lle s t f ish  have m o s tly  gone. This w a s  co n firm e d  
by th e  d e n s ity  e vo lu tio n  graphs, th a t s h o w  decreas ing  
d e n s itie s  at th e  Im pact s ta tio n s , b u t a lso at th e  fr in g e  
s ta tio ns . In sp ring  2012, It se e m e d  to  be th e  o th e r w a y  
round: d e n s itie s  at re fe re n ce  s ta tio n s  rem a ined  sim ila r, bu t 
th e  o nes  at Im pac t and fr in g e  s ta tio n s  Increased.

Figure 9. Length distributions of 
dab (average number of individuals 
per 1000m2 per cm size class) at the 
Bligh Bank gully stations in autumn 
2008-2011 -2012
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The changes in sandee l (A m m o d y te s  tob ianus) s ize and 
d e n s ity  w e re  n o t s ig n ific a n t In th e  BACI des ign  (excep t fo r 
Im pac t gu lly  s ta tio n s  In 2012, see  above), b u t a fe w  s tr ik in g  
non -pa ra lle lism  w e re  seen  In th e  d e n s ity  and size e vo lu tion  
g raphs o f th e  sandbank  to p  s ta tio ns . In 2008, th e  leng th  
fre q u e n c y  d is tr ib u tio n  w a s  s im ila r fo r all s ta tio n s  groups.
In 2 0 0 9  (during p iling  ac tiv itie s ), th e  average leng th  w a s  
s im ila r, bu t w e  o b se rve d  m uch h ig h e r d e n s itie s  o f adu lts  
(>10cm ) at th e  Im pact s ta tio n s  on th e  sandbank  top . In 
2010, no sa m p le s  cou ld  be taken. In 2011, w e  obse rve d  
m ore  re la tive ly  sm all adu lt sandee ls  at th e  Im pact s ta tio ns , 
w h ile  th e y  w e re  la rge r In 2012 (F igure  10).

Figure 10. Length distributions of 
sandeel (average number of Individu­
als per 1000m2 per cm size class) 
at the Bligh Bank top stations in 
autumn 2008-2009-2011-2012
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O th e r than  changes in size d is tr ib u tio n  ove r th e  years, w e  
o b se rve d  e p iso d ic  inc reases  o f sandee l at bo th  w in d  fa rm s  in 
bo th  seasons  at th e  sandbank  to p  im p a c t s ta tio n s  (F igure  11 ). 
This m ay be due to  changes in th e  re c ru itm e n t and pe lag ic  
a c tiv ity  o f th e s e  fish  (Van D eurs  e t al., 2012), bu t s ince  e ffe c ts  
on sandee l have been reg is te re d  at th e  F lorns Rev I w in d  fa rm  
In D enm ark, d e n s ity  and size shou ld  be fo llo w e d  c lose ly. A t 
F lorns Rev, Increases du ring  and s h o rtly  a fte r co n s tru c tio n  w e re  
a ttrib u te d  to  changes In gra in  size and In p re d a to r abundance  
(Leonhard e t al., 2011 ; Van D eurs  e t al., 2012). L in d e bo o m  
e t al. (2011 ) fo u nd  no Ind ica tions  o f w in d  fa rm  avo idance  by 
sandee ls . Future d e v e lo p m e n t In th e  sandee l pop u la tio n s  
m ay be In fluenced  by th e  d e v e lo p m e n t o f th e  b io log ica l

c o m m u n ity  at th e  hard su b s tra te , re su ltin g  In an Increasing  
n u m b e r o f p re d a to rs  a ttrac ted  to  th e  area (A no n ym o u s , 2006). 
C onsequen tly , a fu tu re  fo cu s  on san d ee ls  In th e  m o n ito r in g  
p rog ram  Is adv ised , Inc lud ing  a sam p ling  s tra te g y  th a t Is m ore  
su ita b le  fo r  q u a n tita tiv e  e s tim a tio n s  o f th is  sp e c ie s ' d ens ities .

Figure 11. Time series graph of 
sandeel densities (average number 
of individuals per 1000m2 ± SE) at 
the Bligh Bank and Thorntonbank top 
stations
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•  L o b s te rs  (H o m aru s  gam m arus)  v is it  rocky  ha b ita ts  in
search fo r  s h e lte r  and fo o d , th e re b y  p e rfo rm in g  e x te ns ive  
m ig ra tio n s  and us ing  a rtific ia l hard su b s tra ta  as s te p p ing  
s to n e s  w ith in  e x te ns ive  so ft b o tto m  areas (Krone e t al.., 
2013b). T hey have occas iona lly  been o b se rve d  by d ivers  
In a S w ed ish  w a ve  fa rm  (Langham er e t al.., 2009) and at 
th e  sco u r p ro te c tio n s  o f th e  g ra v ity  based fo u n d a tio n s  In 
B e lg iu m  (J. R eubens and A. N orro, pers. co m m .). They 
w e re  h o w e ve r no t ca u g h t on Be lg ian so ft su b s tra te s  
du ring  m on ito r in g  ca m p a ig n s  In th e  last decade. In au tum n  
2012, a lo b s te r s trayed  fro m  th e  w in d  fa rm  hard su b s tra te s  
In to  th e  sandy area b e tw e e n  th e  tu rb in e  ro w s  o f th e  
T ho rn ton b a n k  w in d  fa rm . Such o b se rva tio n s  s u g g e s t th a t 
th e  ree f e ffe c ts  caused by each tu rb in e  are expand ing  Into 
th e  so ft su b s tra te s  b e tw e e n  th e  tu rb in e  row s.

Thorntonbank trawl catch containing 
a lobster
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CONCLUSIONS
All con s id e re d , s o m e  rem arkab le  d iffe re n ce s  b e tw e e n  w in d  
fa rm  Im pact and co n tro l s ta tio n s  w e re  o b se rved . The ana lyses 
revea led so m e  w in d  fa rm  e ffe c ts  In a u tum n  2 009  at th e  B llgh 
Bank (e.g. d e c reases  In dab, oph lu ro ld s , squ id  and d ra gone t 
and Increase  In sandeel). A t th a t t im e , th e  s ta tio n s  w e re  
sam p led  on ly  w e e k s  a fte r th e  s ta rt o f p iling  a c tiv itie s , so th e  
o b se rve d  changes w e re  p robab ly  sh o rt lived co n s tru c tio n  
e ffe c ts . As fo r p o s t-c o n s tru c tlo n  e ffe c ts , w e  s a w  changes 
In dem e rsa l fish  co m p o s itio n , a decrease  In dem e rsa l fish  
spe c ie s  num ber, and an Increase  In e p ib e n th o s  b iom ass . The 
changes In dem e rsa l f ish  m ay have resu lte d  fro m  th e  absence  
o f f is h e rie s  In th e  area o r local changes In s e d lm e n to lo g y  and 
Infaunal c o m m u n itie s . For c o m m e rc ia lly  Im p o rta n t fla tfish , 
w e  o b se rve d  h ig h e r d e n s itie s  (sole) a nd /o r changes In le n g th - 
fre q u e n c y  d is tr ib u tio n  (dab, p la ice). This m ay signal a re fu g iu m  
e ffe c t, bu t bearing  In m ind  th a t large f la tfis h  such as so le  do 
no t s ta y  w ith in  a w in d  fa rm  fo r  lo n g e r pe riods  (L ind e b o o m  e t 
al., 2011 ), th is  e ffe c t w ill be lim ite d . Dab on th e  o th e r hand 
se e m e d  to  m ove  aw ay fro m  th e  w in d  fa rm s. The Increase  In 
e p ib e n th o s  (e.g. sea s ta rs , u rch ins, h e rm it crabs) p robab ly  
resu lte d  fro m  th e  p rese n ce  o f hard s u b s tra te s  and th e ir  fo u lin g  
c o m m u n it ie s  and fro m  th e  absence  o f f ish e rie s . The Increase, 
how ever, w a s  m a in ly  seen  fo r  d o m in a n t, scaveng ing  spec ies  
such as e ch ln o d e rm s  and h e rm it crabs. S igns o f re co ve ry  o f 
p o p u la tio n s  o f long liv ing spe c ie s  vu ln e ra b le  to  tra w lin g , as 
w a s  seen fo r O strea  edu lis  and S ertu la ria  cup re ss in a  a t F lorns 
Rev (A no n ym o u s , 2006), have n o t y e t been o b se rve d  at th e  
s o ft su b s tra te s  o f Belg ian w in d  fa rm s.

Im po rta n tly , th e  o b se rve d  e ffe c ts  w e re  n o t c o n s is te n t 
b e tw e e n  w in d  fa rm s. This w e a ke n s  th e  BACI resu lts , b u t Is no t 
su rp ris in g , g iven  th e  d iffe re n ce s  In c o m m u n it ie s  (De Backer 
e t al., 2010), In sandbank  to p o g ra p h y  (see chap te r 2 and 4), In 
(h is to ric) f is h e rie s  p re ssu re  (see cha p te r 8), d iffe re n ce s  In age 
o f th e  w in d  fa rm s  and ty p e s  o f fo u n d a tio n s  used  (see chap te r 
2). Th is  In co n s is te n cy  s tre s s e s  th e  Im po rta nce  to  rep lica te  th e  
m on ito r in g  a c tiv it ie s  across w in d  fa rm s  a long th e  Iden tified  
g rad ien ts .

Fringe e ffe c ts  cou ld  n o t be sh o w n , bo th  at th e T h o rn to n b a n k  
and B llgh Bank w in d  fa rm . So, based on b io log ica l data on 
e p ib e n th o s  and fish , w e  d id  no t o b se rve  e ffe c ts  o f changing 
fis h e rie s  a c tiv it ie s  In th e  area o r o v e rf lo w  e ffe c ts  fro m  th e  
c losed  area c o n s titu te d  by th e  w in d  fa rm s.

Even th o u g h  th e  used  des ign  Is a p p rop ria te  fo r  th is  ty p e  o f 
Im pac t s tud ies , w e  s till w a n t to  p o in t o u t so m e  co n s id e ra tio n s  
th a t w e re  taken  Into a cco u n t du ring  th e  In te rp re ta tio n  o f th e  
resu lts . F irst, th e re  Is th e  risk o f fa lse  p o s itive s  In m u ltip le  
te s tin g . W e  te s te d  tw o  e ffe c ts , th re e  e c o s y s te m  co m p o n e n ts , 
tw o  seasons, tw o  sandbank  hab ita ts , and tw o  subhab ita ts .
Test w e re  done  on dens ity , b io m a ss  and d iv e rs ity  data 
per e c o s y s te m  c o m p o n e n t, on c o m m u n ity  s tru c tu re  per 
e c o s y s te m  co m p o n e n t, and on d e n s itie s  and s lze -fre q u e nc les  
o f a se le c tio n  o f spec ies . As m ore  a ttr ib u te s  are co m p a re d , It 
b e co m e s  m ore  like ly  th a t th e  Im pact and co n tro l g ro u p s  w ill 
appear to  d iffe r on at least one  a ttr ib u te  by random  chance 
a lone (e.g. B en jam in i &  F lochberg, 1995; V erhoeven  e t al., 
2005). S ince th is  Is an e x p lo ra to ry  s tudy, w e  did n o t co rre c t 
fo r th a t at th is  tim e . Even th e n , th e  o b se rve d  d iffe re n ce s  and 
tre n d s  w e re  s e ld o m  s ta tis tic a lly  s ig n ific a n t w ith in  th e  BACI 
fra m e w o rk . This Is p robab ly  due to  a n u m b e r o f fa c to rs . F irst, 
th e re  Is th e  lim ite d  n u m b e r o f p o s t-c o n s tru c tlo n  o b se rva tio n s  
(1 yea r fo r th e T h o rn to n b a n k  w in d  fa rm  Phase 2, 2 yea rs  fo r th e

Bllgh Bank w in d  fa rm ), w h ich  s tro n g ly  lim its  th e  p o w e r o f th e  
ana lyses. A dd itiona lly , It ta ke s  a round th re e  to  five  yea rs  be fo re  
s ta b le  fauna l c o m m u n it ie s  are e s ta b lish e d  a fte r d e p lo y m e n t o f 
a rtific ia l hard s tru c tu re s  (Jensen, 2002 ; Gray, 2006 ; P etersen 
&  M a lm , 2006), so th e  e ffe c ts  are like ly  to  b e co m e  m ore  
p ron o u n ce d  In th e  co m ing  years. S econdly, th e  sam p ling  
d is ta n ce  re la tive  to  th e  tu rb in e s  (>180m ) Is la rge as tracks  are 
s itu a ted  b e tw e e n  tu rb in e  row s. The s tu d ie s  o f B e rg s trö m  e t 
al. (2012, 2013) and o f W llh e m s s o n  e t al. (2006) Ind ica ted  th a t 
Increased d e n s itie s  w e re  lim ite d  to  a rad ius o f 20-16 0 m  fro m  
S w ed ish  tu rb in e s , d e p en d in g  on spe c ie s  and th a t sm a lle r scale 
s tu d ie s  m ay be needed  to  d o c u m e n t Increases. For th e  Belgian 
case study, th is  m ay m ean th a t Increases b e tw e e n  th e  tu rb in e  
ro w s  w ill rem a in  v e ry  lim ite d  o r th a t It w ill ta ke  a lo t o f t im e  
fo r th e  ree f e ffe c ts  to  expand In to  th e  space  b e tw e e n  tu rb in e  
row s. Finally, th e  BACI des ign  does n o t eas ily  p ick up sm a ll and 
gradual changes, so te m p o ra ry  e ffe c ts  o r e ffe c ts  w ith  a t im e  
lag re la tive  to  th e  actual Im pac t can on ly  be trace d  by care fu l 
and d e ta ile d  ana lyses o f th e  availab le data, ta k in g  In to  acco u n t 
th e  lim ita tio n s  o f th e  des ign  and th e  m e thodo logy .

FUTURE MONITORING
The re su lts  o f th e  ana lyses Ind ica te  th a t It Is esse n tia l to  
fu r th e r  e x te nd  th e  t im e  se ries  w ith in  th e  sam e  des ign , and 
to  rep lica te  across w in d  fa rm s  a long Iden tifie d  g rad ien ts . This 
w ill Increase  th e  p o w e r o f th e  te s ts  and shed  lig h t on th e  
m a tu ra tio n  o f th e  n e w  w in d  fa rm  sys te m . W ith  t im e , w in d  
fa rm  e ffe c ts  are e xp e c te d  to  e x te nd  Increas ing ly  In to  th e  so ft 
su b s tra te s  su rro u n d in g  each tu rb in e  and each con ce ss io n  zone. 
The ana lyses a lso Ind ica te  th a t w e  shou ld  c lo se ly  fo llo w -u p  on 
w in d  fa rm  e ffe c ts  con ce rn in g  e p ib e n th o s , dem e rsa l fla tfis h  
and sandee l, and e sp e c ia lly  on s p e c ie s -sp e c ific  In fo rm a tion  on 
leng th  and dens ity .
Based on th e  p re se n te d  resu lts , fr in g e  e ffe c ts  cou ld  no t be 
sh o w n . Such e ffe c ts  m ay s till o ccu r In th e  fo llo w in g  years  and 
can be trace d  by an In teg ra ted  ana lysis o f b io log ica l data (as In 
th e  p re se n t s tudy) and vesse l m o n ito r in g  s y s te m  data (VM S) o f 
Belg ian and fo re ig n  v e sse ls  fis h in g  In th e  eas te rn  se c tio n  o f th e  
Belg ian part o f th e  N orth  Sea (V andendrlessche  e t al., 2011 ).


