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Bird monitoring at the Belgian 
offshore wind farms: results after 
five years of impact assessment
Nicolas Vanermen, Robin Brabant, Eric Stienen, W outer Courtens, Thierry Onkelinx, 
Mare Van de walle, Hilbran Verstraete, Laurence Vigin and Steven Degraer

To m on ito r the  im pact on birds fo llow ing  the  construction 
of tw o  o ffshore w ind  farm s in the  Belgian part o f the  North 
Sea, a tw o fo ld  s tra tegy w as fo llow ed. M on th ly  ship-based 
seabird surveys allowed fo r a detailed d isp lacem ent e ffect 
assessm ent, w h ile  radar research aim ed at studying avoid­
ance behaviour and barrier e ffects. Both m ethods provid­
ed input data fo r collision risk m odelling in order to  assess 
bird collision rates. Three years after the com pletion  o f the 
w ind  farm  at the  Bligh Bank, it show ed tha t northern gan- 
net, com m on gu illem ot and razorbill avoid the  w ind  farm , 
w h ile  num bers of lesser black-backed and herring guii in­
creased significantly. Collision risk m odelling learned tha t 
gulls in particular are at risk of colliding w ith  the  turb ine 
blades, w ith  up to  2.4 bird strikes per turb ine per year.

INTRODUCTION
D e sp ite  its  lim ite d  su rface , th e  Belgian 
part o f th e  N orth  Sea (BPNS) ho lds 
In te rn a tio n a lly  Im p o rta n t n u m b e rs  o f 
seab irds. Its s p e c ific  Im po rta nce  to  
seab irds  va ries  th ro u g h o u t th e  year. 
D uring w in te r, m a x im u m  n u m b e rs  are 
p re se n t w ith  ove r 4 6 ,0 0 0  seab irds , o f 
w h ich  m ore  than  2 0 ,0 0 0  auks. O ffsh o re , 
th e  w in te r in g  c o m m u n ity  Is d o m in a te d  
by c o m m o n  g u ille m o ts  Uria aalge, 
razorb ills  A lca  to rd a  and b lack-legged 
k ltt lw a ke s  Rissa tr idacty la . M e a n w h ile , 
large n u m b e rs  o f g rebes , sco te rs  and 
d ive rs  res ide  Inshore. In su m m e r, fe w e r 
b irds are p re se n t (on average 15,000), 
bu t h igh n u m b e rs  o f te rn s  and gu lls  
e xp lo it th e  area In s u p p o rt o f th e ir  
b reed ing  co lo n y  loca ted  In th e  po rt o f 
Z eebrugge . D uring au tum n  and sp ring , 
th e  BPNS m akes part o f a v e ry  Im p o rta n t 
seab ird  m ig ra tio n  rou te  th ro u g h  th e  
S ou the rn  N orth  Sea and an e s tim a te d  
n u m b e r o f no less than  1.0 to  1.3 m illion

seab irds  annua lly  m ig ra te  th ro u g h  
th is  'm ig ra tio n  b o ttle n e c k ' (S tienen e t 
al., 2007). For a n u m b e r o f spec ies , 
th e  BPNS h o s ts  m o re  than  1 %  o f th e  
b logeog raph lca l p o p u la tio n s  Invo lved,
I.e. n o rth e rn  g a n ne t M o ru s  bassanus  
(au tum n), little  gu ii H yd roco lo e u s  
m in u tu s  (spring), le sse r b lack-backed 
guii Larus fu s c u s  (sum m er), g rea t black- 
backed guii Larus m arin u s  (w in te r) and 
c o m m o n  te rn  S terna  h irun d o  (sum m er) 
(Vanerm en e t al., 2013).

P ossib le  e ffe c ts  o f o ffs h o re  w in d  fa rm s  
on seab irds  range fro m  In d ire c t e ffe c ts  
(hab ita t change, h a b ita t loss and barrler- 
e ffe c ts ) to  d ire c t m o rta lity  th ro u g h  
co llis io n  (Exo e t al., 2 003 ; Langston  and 
Pulían, 2 0 0 3 ; Fox e t al., 2 006 ; D re w ltt 
and Langston , 2006). The Ins ta lla tion  of 
an o ffs h o re  w in d  fa rm  Indeed changes 
th e  Im pac ted  area d rastica lly , n o t on ly  
because  o f th e  Im press ive  physical

appearance  In th e  w id e  open  seascape, 
bu t a lso due to  th e  u n d e rw a te r changes 
fo llo w in g  th e  In tro d u c tio n  o f hard 
su b s tra te s  In a s o ft-b o tto m  m arine  
e co sys te m . O n th e  one  hand, so m e  
seab irds  can be e xp e c te d  to  avoid th e  
huge ve rtica l s tru c tu re s  In m uch th e  
sam e  w a y  as th e y  avoid th e  coas t or 
are scared  o ff by sh ip  tra ffic . A s  such, 
seab irds  can be d isp laced  o u t fro m  an 
area w h ich  w a s  used fo r fo ra g in g  p rio r 
to  th e  c o n s tru c tio n  o f th e  w in d  fa rm , 
re su ltin g  In hab ita t loss. In an o ffsh o re  
co n te x t, th e  Im pacted  area Is genera lly  
su rro u n d ed  by a huge  su rface  o f tu rb in e - 
fre e  m arine  hab ita t, w h ich  h o w e ve r 
does no t nece ssa rily  Inc lude  equa lly  
su ita b le  fe e d ing  g rounds . B irds bound 
to  s h a llo w  w a te rs  are th u s  th e  m o s t 
at risk o f los ing  la rge areas o f va luab le  
and Irrep laceable  hab ita t, s ince  w in d  
fa rm s  to o  are gen era lly  bu ilt on s h a llo w  
sandbanks. On th e  o th e r hand how ever,
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th e re  are n u m e ro u s  e xa m p le s  o f seab irds  be ing  a ttra c te d  to  
o ffs h o re  co n s tru c tio n s , as fo r exa m p le  gas p la tfo rm s . M ostly , 
th is  a ttra c tio n  e ffe c t Is h yp o th e s ise d  to  re su lt fro m  Increased 
food  a va ilab ility  and roo s tin g  p o s s ib ilit ie s  (Tasker e t al., 1986; 
W ie s e  e t al., 2001 ). The sam e o f co u rse  can be e xp e c te d  to  
happen at o ffs h o re  w in d  fa rm s. B u t w ith  w in d  fa rm s  acting  
as a m ag n e t to  seab irds , m ore  b irds  face  th e  r isk  o f co llid ing  
w ith  th e  tu rb in e  blades. Im po rta n tly , as seab irds  are long-lived  
spe c ie s  w ith  a de layed m a tu r ity  and sm all c lu tch  size, even th e  
sm a lle s t change In adu lt su rv iva l m ay have a su b s tan tia l Im pact 
at a po p u la tio n  level (S tienen  e t al., 2007).

W in d  fa rm s  m ay f in a lly  a lso act as ba rrie rs  fo r  local f lig h t 
m o v e m e n ts  as w e ll as fo r  m ig ra tio n , re su ltin g  In lo n g e r flig h t 
pa ths and an Increased e n e rg y  expe nd itu re . P e te rsen  e t 
al. (2006) and K rljgsve ld  e t al. (2011 ) d e m o n s tra te d  b irds  to  
change th e ir  f lig h t d ire c tio n  as th e y  approach a w in d  fa rm  (I.e. 
m acro-avo ldance). The e x te n t o f th is  e ffe c t Is y e t u n kn o w n  bu t 
m ig h t be p a rticu la rly  Im p o rta n t In case o f w in d  fa rm s  o rien te d  
pe rp e n d icu la r to  th e  m ain  m ig ra tio n  d ire c tio n , as Is th e  case In 
th e  BPNS.

Based on data co lle c te d  du ring  th e  f irs t  s ix  yea rs  o f o ffsh o re  
w in d  fa rm  m on ito r in g  at th e  BPNS, th is  chap te r add resses  
(1 ) th e  d is p la c e m e n t e ffe c ts  o f o ffs h o re  w in d  fa rm s , (2) th e  
poss ib le  barrle r-e ffec t and (3) th e  e xp e c te d  n u m b e r o f b irds 
co llid ing  w ith  th e  tu rb in e s .

RESEARCH STRATEGY
Tw o te ch n iq u e s  w e re  used In th is  Inves tiga tion . V isual 
ce n su se s  fro m  research ve sse ls  a im ed  at e s tim a tin g  local 
seab ird  d e n s itie s , a llo w in g  to  assess seab ird  d is p la c e m e n t 
e ffe c ts  as w e ll as to  p re d ic t b ird  co llis ion  rates. Th is  m e th o d  
p rov ides  a h igh ta x o n o m ic  reso lu tio n  and d ire c t In fo rm a tion  
on seab ird  behaviour, b u t Is re s tr ic te d  to  day lig h t and good 
w e a th e r  co n d itio n s  only. Radar research c o m p le m e n te d  th e  
v isua l ce n su s  data w ith  co n tin u o u s  o b se rva tio n s , and a im ed 
to  s tu d y  barrie r e ffe c ts  and -  again -  b ird  co llis io n  rates, y e t 
w ith  a s ig n ific a n tly  lo w e r ta x o n o m ic  reso lu tion . W h ile  v isua l 
ce n su se s  are a lready at fu ll m a tu r ity  a llo w in g  fo r an In d e p th

Im pac t a sse ssm e n t, radar research f irs t  had to  cope  w ith  
va rious  techn ica l and ana lytica l p ro b le m s , so m e  o f w h ich  are 
add ressed  In th is  chapter.

Displacement
Since 2005, th ree  years before  th e  construc tion  o f th e  firs t 
o ffshore  w in d  turb ine , seabird d isp lacem en t e ffec ts  w e re  
Investigated pe rfo rm ing  m on th ly  BACI-deslgned seabird surveys 
across Im pact and contro l areas. Seabird surveys w e re  conducted  
accord ing to  the  Internationally applied European Seabirds at Sea 
(ESAS) m ethod  (Tasker e t al., 1984). The focus Is on a 300  m  w id e  
transect along one side o f th e  ship 's track. W h ile  s team ing , all 
birds In touch w ith  the  w a te r (sw im m in g , d ipping, diving) located 
w ith in  th is  transec t are coun ted  ('transect counts '). In contrast, 
the  de n s ity  o f fly ing  b irds w as assessed th rough  so-called 
'snapsho t counts ': right at th e  s ta rt o f each m inute , th e  num ber of 
birds fly ing  w ith in  a quadrant o f 300  by 300  m  Inside th e  transect 
Is counted. Taking account o f th e  d is tance  travelled, these  coun t 
resu lts  can be trans fo rm ed  to  seabird densities.

Based on th e  resu lts  gathered during th e  Danish p ilo t pro ject on 
seabird d isp lacem ent e ffec ts  at o ffshore  w in d  fa rm s (Petersen et 
al., 2006), w e  surrounded th e  fu tu re  w in d  fa rm  areas by a buffer 
zone o f 3 km  to  de fine  th e  Im pact areas, being th e  zones w h e re  
e ffec ts  o f tu rb ine  presence can be expected  (Figure 1 ). Next, a 
m ore  or less equally large con tro l area w as de lineated, harbouring 
com parab le  num bers  o f seabirds, show ing  s im ila r environm enta l 
cond itions and enclosing a high num ber o f historical coun t data 
(Vanermen e t al., 2010). Considering th e  large day-to-day variation 
In observa tion  cond itions and seabird densities, th e  d is tance  
be tw e en  th e  contro l and Im pact area w as chosen to  be small 
enough to  be able to  survey both areas on th e  sam e day by 
m eans o f a research vessel. To m in im ise  overall variance and In 
o rder to  avoid pseudo-rep lica tion  resu lting  fro m  autocorre lation 
be tw e en  subsequen t ten -m in u te  counts, th e  applied un it In our 
seabird database, coun t data w e re  su m m e d  per area (contro l/ 
Impact) and per m on ito ring  day (S tew art-O aten e t al., 1986). Only 
those  days during w h ich  both areas w e re  surveyed, w e re  used In 
th is  study.

Seabird survey from the RV Belgica
at theThorntonbank.
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Figure 1. Location of the impact and 
control areas for the Thornton bank 
and Bligh Bank wind farms, w ith indi­
cation of the monitoring route sailed 
in the course of 2012.

Seab irds m o s tly  o ccu r s tro n g ly  agg rega ted  In (m u ltl-spec les) 
flocks, Induc ing  co u n t re su lts  w ith  a h igh p ro p o rtio n  o f zeros 
and re la tive ly  fe w  b u t s o m e tim e s  v e ry  h igh pos itive  va lues.
To c o rre c tly  hand le  th is  Inh e re n t ove r-d lspe rs lon  and excess 
In zero  va lues, a ze ro -in fla ted  neg a tive  b inom ia l (ZINB) m ode l 
w a s  used (Ze lle ls e t al., 2008). This ty p e  o f m ode l co n s is ts  
o f tw o  parts , (1 ) a 'ze ro  c o m p o n e n t' m od e lling  th e  chance 
o f n o t e n c o u n te r in g  b irds  w ith  a lo g is tic  reg ress ion , and 
(2) a 'c o u n t c o m p o n e n t' m o d e llin g  th e  data acco rd ing  to  a 
nega tive  b inom ia l (NB) d is tr ib u tio n . S easona lity  w a s  added to  
th e  m od e ls  as a cova rla te  and w a s  m od e lle d  as a cyc lic  s ine  
cu rve , w h ich  can be d e sc rib e d  th ro u g h  a linear su m  o f a s ine  
and a cos ine  te rm  (S te w a rt-O a ten  and B ence, 2001). N ext, w e  
Inc luded th e  tw o -le v e l fa c to r  va riab le  BA (be fo re /a fte r w in d  
fa rm  co n s tru c tio n ) and, de p en d in g  on th e  o u tc o m e  o f th e  
m ode l se le c tio n  p rocess, Cl (co n tro l/ im p a c t area) o rT  (tu rb ines  
a b se n t/p re sen t). The w in d  fa rm  d is p la c e m e n t e ffe c t Is then

e s tim a te d  by th e  c o e ff ic ie n t o f th e  In te rac tion  b e tw e e n  BA &
Cl o r by th e  c o e ff ic ie n t o f th e  fa c to r  va riab le  T H o w  th e  va lue  o f 
th is  c o e ff ic ie n t re la tes  to  th e  Im pact o f w in d  fa rm  p rese n ce  on 
seab irds  Is Illu s tra ted  In F igure 2. A  neg a tive  m ode l c o e ffic ie n t 
va lue  Ind ica tes th a t b irds  are avo id ing  th e  w in d  fa rm , resu ltin g  
In h a b ita t loss y e t a decreas ing  n u m b e r o f co llis io n  fa ta litie s , 
w h ile  a po s itive  va lue  su g g e s ts  a ttra c tio n  o f seab irds  and 
Increased b ird m o rta lity . The exp o ne n tia l re la tion  b e tw e e n  
th e  m ode l c o e ff ic ie n t and th e  n u m b e r o f co llis ion  fa ta lit ie s  Is 
exp la ined  by th e  lo g a rith m ic  link  b e tw e e n  th e  resp o n se  and 
th e  linear reg ress ion  equ a tio n  Inco rpo ra ted  In th e  NB m ode l 
s truc tu re .

Figure 2. Relation between the 
displacement-related model coef­
ficient and the anticipated negative 
impact on seabirds (estimation of 
collision fatalities being based on the 
characteristics of lesser black-backed 
guii and a hypothetical density of 0.02 
birds/km2 at rotor height).
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BOX:
Radar systems as a tool to study large scale effects of offshore wind farms on birds

The M e rlin  radar s y s te m  (D eTect Inc., F lorida, USA) co n s is ts  
o f tw o  Identica l so lid  s ta te  S-band radar an tennas, one scan­
n ing In th e  horizon ta l pane and one  In th e  ve rtica l. The ho ri­
zon ta l scann ing  radar (FISR) Is ro ta tin g  360° In th e  horizon ta l 
pane and p rov ides  In fo rm a tion  on flig h t tracks  and th e re fo re  
on th e  poss ib le  avo idance  behav iou r o f b irds a round th e  w in d  
fa rm . By ro ta tin g  In th e  ve rtica l pane, th e  ve rtica l radar (VSR) 
c rea te s  a 'rada r sc ree n ' th a t re g is te rs  all ta rg e ts  m oving  
th ro u g h  th a t screen . A s th is  'rada r sc ree n ' Is fa irly  narrow , 
e ve ry  re g is tra tio n  can be seen  as one (or a g roup  of) ta rge t(s) 
passing th ro u g h  th a t area. This w a y  o f data c o lle c tio n  a llo w s  
de riv ing  th e  f lu x  o f b irds  th ro u g h  th e  area. It a lso p rov ides 
data on th e  f lig h t a ltitudes .
The range o f th e  radars can be sp e c ifie d  In th e  s y s te m 's  s e t­
tings . The radars are usua lly  o p e ra te d  at a range b e tw e e n  tw o  
and fo u r nau tica l m ile s  fo r th e  FISR and 0 .75  -  1 nau tica l m ile  
fo r  th e  VSR. This ty p e  o f s y s te m  reco rds  b irds  co n tin u o u s ly

year-round and Is re m o te ly  m anageab le . The M erlin  s o ftw a re  
o f th e  radar Is des ig n ed  to  reco rd  and track  m ov ing  ob jec ts . 
The o b je c ts  o f In te re s t are In th is  case o b v io u s ly  b irds. W h e n  
th e  radar en e rg y  re fle c ts  on a b ird and th is  Is rece ived  by th e  
radar an tenna, an echo appears  on th e  ra w  radar screen . If 
th e  echo m e e ts  ce rta in  (p lo tting) c rite ria  (e.g. m in im u m  size, 
In te n s ity  o f th e  echo, etc.) It w ill be p lo tted  on th e  p rocessed  
M e rlin  screen . If th e  radar d e te c ts  th e  sam e  echo In fo u r 
co n s e c u tiv e  scans, It Is co n s id e re d  as a c o n firm e d  'tra ck ' and 
w ill be w r it te n  to  th e  da tabase, to g e th e r  w ith  Its o w n , un ique  
track  Id e n tif ica tio n  code. The radar fu r th e r  re g is te rs  ove r 40 
va riab les  (e.g. t im e , loca tion , speed, head ing , size) fo r  e ve ry  
record .

Figure 3. Unprocessed data during 
the fall migration of 2012. Upper 
panel: 15 minutes of horizontal radar 
data from October 22nd (8:45 -9 :0 0  
pm).The horizontal radar range is 
set at 4 NM (7408 m); lower panel: 
one hour of vertical radar data from 
October 6th (11 to  12 am). The vertical 
radar range is set at 1 NM (1852 m). 
On both figures some bird tracks are 
notable, but also wind turbines, rain, 
etc. Certain areas have few  or no 
detections at all, due to  some issues 
with the detectability of the radar 
signal, which have been improved 
now. The direction in which an object 
is moving is indicated by the color.
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Figure 4. Track length of ground 
truthed tracks assigned to sea clutter, 
vessels and birds. Mean ± standard 
deviation (whiskers) and 95% confi­
dence intervals (box).

sea clutter vessel

A fte r  a te s t-p h a se  in th e  po rt o f Z eeb rugge , th e  radar s ys te m  
w a s  m oved  to  th e  tra n s fo rm e r p la tfo rm  on th e T h o rn to n -  
bank, a bou t 25 km  fro m  th e  coast. The radar an ten n a s  are 
Ins ta lled  on th e  to p  deck, a b o u t 36 m  above th e  sea-surface, 
on th e  s o u th -w e s te rn  s ide  o f th e  p la tfo rm .

Merlin dual radar system installed on 
the top deck of the transformer plat­
form of the C-Power wind farm at the 
Thorntonbank.

O b v io u s ly  n o t on ly  b irds  are reco rd e d  by th e  radar; th is  a lso 
happens fo r  rain, w aves , boa ts, w in d  tu rb in e s , e tc . T hese 
u n w a n te d  echoes are be ing  re fe rred  to  as 'c lu tte r '. For o ff­
sh o re  s tu d ie s  th e  b ig g e s t so u rce  o f c lu tte r  Is th e  sea su rface  
(fu rth e r re fe rred  to  as 'sea  c lu tte r ') . The VSR Is typ ic a lly  less 
vu ln e ra b le  to  sea c lu tte r  than  th e  FISR. A  f irs t  cha llenge  In 
radar data ana lys is  w a s  to  e ffe c tiv e ly  rem o ve  th is  c lu tte r  fro m  
th e  radar da tabase. Based on v isu a lly  g round  tru th e d  radar 
o b se rva tio n s  du ring  th e  te s t phase at Z eeb rugge , w e  q u a n ti­

fied  th e  d iffe re n ce s  In echo ch a ra c te ris tics  b e tw e e n  b irds and 
o th e r o b je c ts  (e.g. vesse ls , sea c lu tte r, e tc.). A  good  exam p le  
o f a d iffe re n tia tin g  va riab le  Is th e  track  le n g th  o f a ta rg e t. W ith  
a m ean track  le n g th  o f a bou t fiv e  reco rds, th e  track  leng th  
o f sea c lu tte r  w a s  fo u nd  to  be s ig n ific a n tly  s h o rte r than  th e  
tracks  fo r b irds  and ve sse ls  (F igure  4). C o m b in ing  radar data 
va riab les  and e x te ns ive  g round  tru th !n g  w ill hence  a llo w  us 
to  fu r th e r  f i lte r  b irds  fro m  th e  radar data fo r  fu tu re  seab ird  
Inves tiga tions .
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Barrier-effect
Radar o b se rva tio n s  p rov ide  c o n tin u o u s  data on f lig h t m ove ­
m e n ts  ove r a w id e  area, a llo w in g  to  assess ba rrie r e ffe c ts  and 
avo idance b e hav iou r on a large scale. Radars have been used 
fo r s im ila r o ffs h o re  research p rog ra m s  abroad, fo r Ins tance  
In D e n m a rk  (D esho lm , 2006) and th e  N e th e rla n d s  (K rljgsve ld  
e t al., 2011 ). GIS p ro ce ss in g  o f horizon ta l radar data a llo w s  to  
d e te rm in e  changes In seab ird  f lig h t d ire c tio n s  as th e y  approach 
th e  w in d  fa rm  (I.e. avo idance) and at w h a t d is ta n ce  fro m  th e  
w in d  fa rm  th e y  s h o w  th is  avo idance  behaviour. A lth o u g h  su c ­
c e s s fu lly  app lied  In th e  te rn  b reed ing  co lo n y  at th e  ha rbou r of 
Z eeb rugge  (p re se n ted  In B rabant e t al., 2012a), w e  w e re  no t 
y e t able to  run such ana lys is  fo r th e  o ffs h o re  w in d  fa rm  en v i­
ro n m e n t due  to  Issues w ith  th e  radar s ignal d e tec ta b ility .

Collision rate
C o llis ions o f b irds  w ith  fixe d  and ro ta tin g  s tru c tu re s  o f w in d  
tu rb in e s  have been reco rded  In n u m e ro u s  w in d  fa rm s  on land 
(Everaert and S tienen , 2 007 ; Barclay e t al., 2 007 ; e tc.). For 
obv ious  reasons It Is m o re  d iff ic u lt to  assess th e  n u m b e r of 
co llis ion  v ic t im s  at an o ffs h o re  w in d  fa rm , and at th is  po in t, 
actual data on o ffs h o re  co llis ion  ra tes  are lacking. Band (2012) 
h o w e ve r d e ve loped  a (theo re tica l) co llis io n  r isk  m ode l (CRM) 
to  e s tim a te  th e  bird co llis io n  r isk  based on techn ica l tu rb in e  
sp e c ific a tio n s  and w in d  fa rm  c o n fig u ra tio n , c o m b in e d  w ith  
b ird -re la ted  pa ram e ters . In th is  s tudy, data on w ln g s p a n  and

fly in g  speed  w e re  taken  fro m  C ram p (1977-1985) and A le rs ta m  
e t al. (2007). The C R M  also Inc ludes a m lc ro -avo ldance  rate, 
acco u n tin g  fo r  la s t-m in u te  avo idance  actions. Th is  fa c to r Is hard 
to  assess, b u t Is con s id e re d  to  be v e ry  h igh and Is genera lly  
se t to  at least 9 5 %  (C ham berla in  e t al., 2006). Im po rta n tly , th e  
n u m b e r o f e s tim a te d  v ic t im s  Is p ropo rtiona l to  th e  p e rc e n t­
age o f b irds  th a t does n o t  p e rfo rm  avo idance  ac tio n s  (= 1 - %  
m lcro -avo ldance). A  se e m in g ly  sm all d iffe re n ce  In avo idance  
rate b e tw e e n  9 5 %  and 9 9 .5 %  th e re fo re  re su lts  In a fa c to r  10 
d iffe re n ce  In te rm s  o f e s tim a te d  co llis io n  v ic t im s . To e s tim a te  
co llis ion  rate  In th is  s tudy, w e  app lied  th e  m lc ro -avo ldance  
va lue  o f 9 7 6 %  as fo u nd  by K rljgsve ld  e t al. (2011) based on 
th e ir  e x te ns ive  radar research.

The 's n a p s h o t c o u n ts ' as p e rfo rm e d  du ring  th e  seab ird  su rveys  
a llow ed  e s tim a tin g  d e n s itie s  o f fly in g  b irds  w ith in  th e  B ligh 
Bank w in d  fa rm , w h ic h  w e re  used  as Inpu t fo r th e  CRM . 
M e a n w h ile , th e  f lig h t h e ig h t o f all o b se rve d  seab irds  w a s  
ca te go rise d  as 'In', 'u n d e r ' o r 'a bo ve ' th e  ro to r s w e e p  zone (30- 
150 m). Radar o b se rva tio n s  to o  w e re  used to  d e te rm in e  bird 
d e n s itie s , w h ic h  w e re  d e d u c te d  fro m  th e  f lu x  o f b irds th ro u g h  
th e  ve rtica l radar beam . A s th e  radar d oes  no t d iffe re n tia te  
b e tw e e n  Ind iv idual and flo cks  o f b irds, th e  f lu x  Is e xp ressed  as 
th e  n u m b e r o f (g roups of) b lrds /h r/km . The f lu x  and e s tim a te d  
n u m b e r o f co llis io n s  w e re  ca lcu la ted  fo r tw o  days du ring  th e  
fall m ig ra tio n  o f 2012 (O c to b e r 2 1 st and 2 2 nd 2012) and fo r  tw o  
days In th e  w in te r  o f 2013 (January 2 2 nd and 2 3 rd 2013).

DISPLACEMENT EFFECTS REVEALED
B ecause  th e  large d iffe re n ce  In c o n fig u ra tio n  b e tw e e n  th e  
w in d  fa rm s  at th e  B ligh Bank (five ro w s  o f 11 tu rb in e s ) and th e  
T h o rn ton b a n k  (a s ing le  ro w  o f s ix  tu rb in e s  at th e  t im e  o f th e  
surveys) can be e xp e c te d  to  tr ig g e r d iffe re n t d is p la c e m e n t e f­
fe c ts , w e  ana lysed bo th  areas separate ly.

Lesser black-backed guii approaching 
the rotor sweep zone in the Bligh 
Bank wind farm.

Bligh Bank
Three  sp e c ie s  s ig n ific a n tly  avo ided  th e  B ligh Bank w in d  fa rm , 
I.e. n o rth e rn  g a n ne t and bo th  auk sp e c ie s  (F igure 5). For 
razorb ill, th is  e ffe c t w a s  lim ite d  to  th e  w in d  fa rm  area Itse lf, 
bu t n o rth e rn  g a n n e t and co m m o n  g u ille m o t a lso avo ided  th e  
area up to  at least 3 km  fro m  th e  ne a re s t tu rb in e s . L ittle  guii 
n u m b e rs  decreased  a fte r th e  w in d  fa rm  co n s tru c tio n , b u t th is  
change w a s  n o t s ta tis tic a lly  s ig n ifica n t. The d is tr ib u tio n  m aps 
s h o w  th a t th e  avo idance by no rth e rn  g a n ne t (F igure  6, upper 
panel) w a s  a lm o s t a b so lu te  w h ile  c o m m o n  g u ille m o t (Figure 
6, lo w e r panel), d e sp ite  Its avo idance  behaviour, w a s  regu la rly  
o b se rve d  Inside th e  w in d  fa rm .
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Figure 5. Seabird displacement 
effects at the Bligh Bank wind farm 
based on the results of 63 surveys 
before and 30 surveys after the 
turbines were built and indicated by 
the displacement-related model coef­
ficient (blue bars indicate significance: 
. ~ p<0.1, * ~ p<0.05, * *  ~ p<0.01,
***~p<0 .0 01).
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Figure 6. Observations of northern 
gannet and common guillemot dur­
ing the seabird monitoring program 
at the Bligh Bank after wind farm 
construction.
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Figure 7. Densities of northern gan­
net and common guillemot at the 
Bligh Bank study area before and 
after wind farm construction.
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Lesser b lack-backed gu lls  and 
he rring  gu lls  Larus a rg e n ta tu s  on 
th e  o th e r hand s h o w e d  a s ig n ifica n t 
Increase  In n u m b e rs  a fte r th e  w in d  
fa rm  w a s  co n s tru c te d  (F igure 5, 
see  a lso C hap te r 15 -  F igure 1).
For lesse r b lack-backed guii th e  
a ttra c tio n  e ffe c t w a s  s ig n ifica n t 
fo r  up to  at least 3 km  fro m  th e  
w in d  fa rm , w h ich  w a s  no t th e  case 
fo r  he rring  guii. The a ttra c tio n  o f 
he rring  gu lls  Is n ice ly  Illu s tra te d  by 
th e  d is tr ib u tio n  pa tte rn  In F igure  8 
( lo w e r panel), w ith  h igh n u m b e rs  
be ing  o b se rve d  e xc lu s ive ly  near or 
Inside th e  w in d  fa rm . In co n tra s t, 
th e  d is tr ib u tio n  pa tte rn  o f lesse r 
b lack-backed guii (F igure  8, upper 
panel) s u g g e s ts  Ind iffe re n ce  ra the r 
than  a ttrac tion . Lastly, an Increase 
In n u m b e rs  w a s  o b se rve d  In th re e  
o th e r guii spec ies : c o m m o n  guii 
Larus canus, g re a t b lack-backed 
guii and b lack-legged k lttlw a ke , bu t 
th e s e  e ffe c ts  w e re  n o t fo u nd  to  be 
s ta tis tic a lly  s ig n ifica n t.
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Figure 8. Observations of lesser black- 
backed and herring guii during the sea­
bird monitoring program at the Bligh 
Bank after wind farm construction.
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Thorntonbank
Four spe c ie s  o ccu rred  in s ig n ific a n tly  h ig h e r n u m b e rs  a fte r 
th e  c o n s tru c tio n  o f th e  f irs t  s ix  tu rb in e s  (phase I), i.e. little  guii, 
g rea t b lack-backed guii, sa n d w ich  te rn  S te rna  sa n d v ice n s is  and 
c o m m o n  te rn  (F igure 9). C o m m o n  guii h o w e ve r avo ided  th e  
area du ring  th e  t im e  o f ou r research, o p p o s ite  to  w h a t w a s  
fo u nd  at th e  B ligh Bank. Data co lle c te d  In 2012, I.e. du ring  th e  
co n s tru c tio n  pe riod  o f phases II &  III, s h o w e d  s ig n ific a n tly  h igh ­
er n u m b e rs  o f sa ndw ich  te rn  to  o ccu r In and a round th e  w in d  
fa rm  u n d e r co n s tru c tio n .

Figure 9. Seabird displacement ef­
fects at the Thorntonbank wind farm 
based on the results of 66 surveys 
before and 33 surveys after the 
turbines were built and indicated by 
the displacement-related model coef­
ficient (blue bars indicate significance: 
. ~ p<0.1, * ~ p<0.05, * *  ~ p<0.01,
***~p<0 .0 01).
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Seabird avoidance and attraction!
The w in d  fa rm  m on ito r in g  p ro g ra m m e  revea led s ig n ific a n t 
a ttra c tio n  o f large gu lls  to w a rd s  o ffs h o re  w in d  fa rm s  at th e  
BPNS. Th is w a s  ra th e r su rp ris ing  s ince  In co n tra s t, no c lear-cut 
a ttra c tio n  e ffe c ts  w e re  fo u nd  fo r  large gu lls  d u ring  th e  Danish 
and D utch m on ito r in g  p ro g ra m s (P e te rsen  e t al., 2 006 ; Leopo ld  
e t al., 2011 ). In genera l, a t-sea guii d is tr ib u tio n  Is s tro n g ly  de te r­
m in ed  by th e  p rese n ce  o f fis h in g  tra w le rs . The m ain  a n tic ipa ted  
e ffe c t o f w in d  fa rm s  on guii d is tr ib u tio n  pa tte rn s  w a s  th u s  a 
decrease  In d e n s itie s  re su ltin g  fro m  th e  p ro h ib itio n  fo r tra w le rs  
to  fis h  Inside th e  fa rm  boundaries . Yet, w e  fo u nd  an Increase In 
n u m b e rs , w h ich  can be caused by Increased res tin g  and fe e d ­
ing o p p o rtu n itie s  (see C hap te r 15). For c o m m o n  guii and b lack­
legged  k ltt lw a ke  re su lts  d id no t s h o w  u n a m b ig u o u s  e ffe c ts . 
B o th  spe c ie s  w e re  h o w e ve r regu la rly  o b se rve d  b e tw e e n  th e  
tu rb in e s , su g g e s tin g  Ind iffe re n ce  to w a rd s  w in d  fa rm  p resence . 
On th e  o th e r hand, th re e  sp e c ie s  d isp layed avo idance, be ing 
n o rth e rn  ganne t, c o m m o n  g u ille m o t and razorbill. In te res ting ly , 
s tro n g  avo idance by ga n ne ts  and auks Is re p o rte d  by th e  Dutch 
researchers  at th e  O W EZ w in d  fa rm  (Leopo ld  e t al., 2011 ; 
K rljgsve ld  e t al., 2011 ) and avo idance  by auks w a s  a lso fo u n d  by 
P e tersen  e t al. (2006) at th e  Plorns Rev w in d  fa rm  In D enm ark.

C learly It Is Im po ss ib le  to  c o u n t 'In s id e ' a o n e -d lm e n s lon a l fa rm  
o f s ix  tu rb in e s , and th e  revea led  a ttra c tio n  e ffe c ts  a cco u n t fo r  
th e  w in d  fa rm  b u ffe r  zone, ra the r than  th e  w in d  fa rm  area Itself. 
This fin d in g  n e ve rth e le ss  ag rees w e ll w ith  fin d in g s  d one  by 
th e  Danish researchers  P e tersen  e t al. (2006), w h o  obse rve d  
a s ig n ifica n t p o s t-c o n s tru c tlo n  Increase  In n u m b e rs  o f little  guii 
ju s t o u ts id e  th e  Plorns Rev w in d  fa rm  bounda ries  (up to  2 km ), 
and a s lig h t (non -s lgn lflcan t) Increase In n u m b e rs  Inside th e  
w in d  fa rm . The sam e  a u tho rs  fo u nd  a c lea r p o s t-co n s tru c tlo n  
Increase In n u m b e rs  o f c o m m o n  te rn  In th e  Im m e d ia te  v ic in ­
ity  o f th e  fa rm  (1 to  8 km ), opp ose d  to  a to ta l absence  o f th e  
sp e c ie s  Inside th e  w in d  fa rm  up to  1 km  o f Its boundaries. 
S im ilarly, Increased p rese n ce  o f sa n d w ich  te rn s  fo ra g in g  on th e  
bo rde rs  o f th e  O W EZ w in d  fa rm  w a s  o b se rve d  by o u r D utch 
co lleagues. A p a rt fro m  th is , K rljgsve ld  e t al. (2011 ) rep o rt bo th  
te rn  spe c ie s  and little  gu ii to  regu la rly  e n te r  th e  w in d  fa rm , w ith  
little  guii be ing  o b se rve d  In h ig h e r n u m b e rs  Inside co m pared  
to  o u ts id e  OW EZ. U n fo rtuna te ly , d e n s itie s  o f all th re e  spe c ie s  
w e re  m o s tly  to o  lo w  to  d ra w  firm  co n c lu s io n s  on d isp la ce m e n t 
e ffe c ts  (Leopo ld  e t al., 2011).

F u rthe rm ore , w e  fo u nd  s ig n ific a n t a ttra c tio n  e ffe c ts  o f th re e  
A n n e x  I sp e c ie s  (I.e. little  gu ii, c o m m o n  te rn  and sa n d w ich  te rn ) 
to  th e  ope ra tiona l phase  I at th e T h o rn to n b a n k . Im po rtan tly , 
h igh p ro p o rtio n s  o f th e s e  s p e c ie s ' b logeog raph lca l pop u la tio n s  
m ig ra te  th ro u g h  th e  S ou the rn  N orth  Sea (S tienen e t al., 2007).

Two common guillemots near the 
Bligh Bank wind farm
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BIRD COLLISIONS
Visual census results
The s p e c ie s -sp e c ific  f lig h t h e ig h t Is o f la rge In flu en ce  on th e  
exp e c te d  co llis io n  risk, and fo rm s  a crucial Inpu t fo r  th e  CRM . 
Table 1 s h o w s  o u r resu lts  o f f lig h t h e ig h t e s tim a tio n s  as 
p e rfo rm e d  du ring  sh ip -based  seab ird  su rveys. W h ile  la rge guii 
sp e c ie s  w e re  seen fly in g  at ro to r h e ig h t q u ite  fre q u e n tly  (15- 
2 2 % ), c o m m o n  g u ille m o ts  and razorb ills  w e re  never obse rve d  
fly in g  above 30m .

Based on th e  d e n s itie s  o f fly in g  seab irds  assessed  du ring  ou r 
sh ip -based  su rve ys  In th e  B ligh Bank w in d  fa rm  and th e  co rre ­
spo n d ing  C R M  resu lts , w e  e xp e c t one  o r m ore  casua lties  per 
yea r fo r f ive  seab ird  spe c ie s  (all gu lls) a t th is  sp e c ific  loca tion , 
up to  m o re  than  one  v ic t im  per tu rb in e  per yea r fo r lesse r 
b lack-backed guii (seeTab le  2). For all o th e r seab ird  spec ies  
o ccu rrin g  In th e  s tu d y  area, th e  d e n s ity  o f Ind iv idua ls  fly in g  at 
ro to r h e ig h t w a s  c lose  to  zero and th e  n u m b e r o f e xp e c te d  
co llis io n  fa ta lit ie s  Is rega rded  to  be In s ig n ifica n tly  low . In to ta l, 
th e  n u m b e r o f guii v ic t im s  Is e s tim a te d  at 134 pe r yea r (2.4 
pe r tu rb ine ), w h ich  Is a lm o s t ha lf th e  n u m b e r o b ta ine d  by 
Poot e t al. (2011), rep o rtin g  an e s tim a te d  243 guii v ic t im s  at 
th e  O W EZ w in d  fa rm  (6.8 pe r tu rb ine ). This su b s tan tia l d if­
fe re n ce  In e s tim a te d  co llis ion  rate can p a rtly  be exp la ined  by 
th e  fa r m o re  o ffs h o re  loca tion  o f th e  B ligh Bank co m p a re d  to  
th e  O W EZ w in d  fa rm , re sp e c tiv e ly  40  ve rsu s  10 km  fro m  th e  
coast, w h ich  Is Inev itab ly  re fle c te d  In lo w e r guii d ens ities .

Table 1. Species-specific percentages 
of birds flying at rotor height 
(30-150 m) as observed during 
seabird surveys at the BPNS.

northern gannet 5

little guii 2

common guii 15

lesser black-backed guii 22

herring guii 15

great black-backed guii 20

black-legged kittiwake 9

sandwich tern 2

common tern 1

common guillemot 0

razorbill 0

Table 2. Estimated collision victims 
based on observed densities of flying 
birds inside the Bligh Bank wind farm 
and an assumed micro-avoidance rate 
of 97.6%.

w inter 3 0 3 3 19

spring 0 40 3 4 10

summer 0 22 0 0 0

autumn 0 3 0 21 3

num ber/year 3 65 6 28 32

num ber/
(turbine*year) 0.05 1.18 0.11 0.51 0.58
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Radar results
ass igned  to  th ru sh  m ig ra tio n , th e  m o re  co n s id e rin g  th e  v isua l 
o b se rva tio n  o f la rge n u m b e rs  o f th ru s h e s  arriv ing  at th e  po rt 
o f Z ee b ru gg e  du ring  th e  ea rly  m o rn in g  o f O c to b e r 2 2 nd. W in d  
co n d itio n s  du ring  th a t t im e  w e re  E-NE and th u s  favourab le  fo r 
s o u th w e s t bound  m ig ra tion . A p p ly in g  th e  C R M  re su lts  In an 
e s tim a te d  n u m b e r o f 21 co llis io n  v ic t im s  d u ring  th a t sp e c ific  
n igh t at th e  T ho rn ton b a n k  (m lcro -avo ldance  ra te  s e t a t 9 7 6 % ).

Figure 10. Bird flux (groups of birds/ 
hr/km) at rotor height for October 21a 
and 22nd 2012.
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On O c to b e r 2 1 st, 1,176 (g roups of) b irds w e re  reco rded  at ro to r 
h e ig h t In 17 hrs, w ith  an average f lu x  o f 69 .3  (g roups of) b irds / 
h r/km . The f lu x  w e n t up as h igh as 570  (g roups of) b lrd s /h r/km  
a round m id n ig h t (F igure 10). On O c to b e r 2 2 nd, 1 ,864  (g roups of) 
b irds  f le w  on ro to r h e ig h t In 24 hrs, w ith  an average f lu x  o f 77 7  
(g roups of) b lrds /h r/km .

Iso la ting  th e  radar resu lts  o b ta ine d  du ring  th e  n ig h t o f O c to ­
be r 2 1 st and 2 2 nd (sun se t to  sunrise), w e  o b se rve d  an average 
f lu x  at ro to r h e ig h t o f no less than  204  (g roups of) b lrds /km /h r. 
This m ass ive  n ig h t t im e  bird m o v e m e n t can w ith o u t d o u b t be

U nde r norm al c irc u m s ta n c e s  how ever, less b irds fre q u e n t th e  
s tu d y  area. For exam p le , on January  2 2 nd and 2 3 rd, resp e c tive ly  
86 and 82 (g roups of) b lrds /km  w e re  reco rded  at ro to r h e ig h t 
(F igure 11 ), re su ltin g  In an average f lu x  o f 3 .5  (g roups of) b irds / 
km /hr. A p p ly in g  th e  C R M  re su lts  In an e s tim a te d  58 co llis ion  
v ic t im s  d u ring  th e  w in te r  m o n th s  D ecem ber, January  and 
February (m lcro -avo ldance  rate o f 9 7 6 % ). Based on th e  kn o w n

s p e c le s -sp e c tru m  occu rrin g  at th e  T ho rn to n b a n k  In w in te r, 
th e s e  co llis ion  v ic t im s  are m o s t like ly  to  be c o m m o n  gu lls, 
le sse r b lack-backed gu lls , he rring  gu lls , g rea t b lack-backed gu lls  
and b lack-legged k lttlw a ke s .

Figure 11. Bird flux (groups of birds/ 
hr/km) at rotor height for January 22™ 
and 23rd 2013.
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Extrapolating and nuancing 
bird collision estim ates
C urren t p lans are to  c o n s tru c t seven  w in d  fa rm s  at th e  BPNS, 
w ith  a m a x im u m  n u m b e r o f tu rb in e s  o f 530. E x trapo la ting  th e  
ea rlie r resu lts  leads to  an e s tim a te d  209  th ru s h e s  to  co llide  
w ith  o ffs h o re  tu rb in e s  at th e  BPNS du ring  a s ing le  n igh t w ith  
com p a ra b le  m ig ra tio n  (m lcro -avo ldance  ra te  9 7 6 % ). Based on 
d a y tim e  o b se rva tio n s , each yea r up to  1,291 b irds are e xp e c te d  
to  co llide  w ith  th e  tu rb in e s  (m lcro -avo ldance  rate 9 7 6 % ), fo r 
th e  m a jo r part gu lls. Such e x tra p o la tio n s  shou ld  be handled 
w ith  care  as th e  re su lts  p re se n te d  he re  are y e t based on flu x  
and d e n s ity  m e a s u re m e n ts  co lle c te d  du ring  sm all t im e  fram e s . 
W h ile  sh ip -based  v isua l ce n su se s  w e re  lim ite d  to  a s ing le  
d a y tim e  v is it  each m o n th , It a llo w s  fo r  a large spatia l coverage. 
In co n tra s t, radar o b se rva tio n s  are bound  to  one  loca tion  bu t 
p rov ide  co n tin u o u s  m e a s u re m e n ts  w h e n  fu lly  ope ra tiona l. A p ­
p ly ing  bo th  te ch n iq u e s  Is th e re fo re  Inva luab le  fo r an In teg ra ted  
a s s e s s m e n t o f b ird m o r ta lity  at th e  Be lg ian co n ce ss io n  zone 
fo r  w in d  energy.

FUTURE MONITORING
W ith  th e  w in d  fa rm s  at th e  BPNS be ing opera tiona l s ince  th e  
end o f 2 009  (Thorntonbank) and 2010 (B ligh Bank), th e  resu lts  
p resen ted  here  are still based on a re la tive ly  lim ite d  Im pact 
da tase t. P ow er ana lyses sh o w e d  th a t even fo r  q u ite  subs tan tia l 
changes In seab ird  d e n s itie s  (e.g. a decrease  o f 75% ), up to  ten  
years  o f m o n ito r in g  m ay be needed to  ob ta in  s u ffic ie n t s ta tis t i­
cal p o w e r (Vanerm en e t al., 2012). Indeed, at bo th  w in d  fa rm s 
w e  sa w  n u m b e rs  o f several seab ird  spec ies  to  have changed, 
w ith o u t th e  d iffe re n ce  In d e n s ity  be ing s ta tis tica lly  s ign ifican t. 
W ith  m ore  years  o f m o n ito r in g  ahead o f us, o u r data w ill a llo w  
to  b e tte r d is tin g u ish  b e tw e e n  tru e  d isp la ce m e n t and Ind iffer­
ence. Long-te rm  m o n ito r in g  at th e  va rious w in d  fa rm  s ite s  Is 
also needed  to  an tic ip a te  th e  poss ib le  hab itua tion  o f seab irds  
to  th e  p resence  o f w in d  tu rb in e s  (tem pora l varia tion) o r th e  
fa c t th a t d isp la ce m e n t e ffe c ts  m ig h t d iffe r b e tw e e n  w in d  fa rm  
s ite s  (spatial varia tion). The resu lts  fro m  th e  D utch and Dan­
ish research p rog ram s fu r th e r  s h o w  th a t th e  o ccu rrence  o f 
Increased n u m b e rs  ju s t o u ts id e  an o ffsh o re  w in d  fa rm  (as w as  
found  near th e  s ing le  ro w  o f tu rb in e s  at th e  Thorn tonbank) can­
no t be ex trapo la ted  to  th e  w in d  fa rm  area Itself. C on tinu ing  th e  
m o n ito rin g  o f seab ird  p resence  In th e  n o w  fu lly  opera tiona l (and 
tw o -d im e n s io n a l) T ho rn ton b a n k  w in d  fa rm  Is th e re fo re  h igh ly  
Im po rtan t. Clearly, If th e  a ttrac tion  e ffe c ts  as fo u nd  In th is  s tudy  
p e rs is t during  th e  co m ing  years, th e  assoc ia ted  Increased co l­
lis ion risk Is o f se rious  conse rva tlona l concern  co ns ide ring  th e  
Involved spe c ie s ' h igh p ro te c tio n  sta tus.

The m ain  techn ica l cha llenges  cu rre n tly  be ing tack led  In c lose  
co llabo ra tion  w ith  th e  radar deve lo pe rs  are (1 ) th e  nega tive  cor­
re la tion  b e tw e e n  seab ird  d e te c ta b ility  and d is ta n ce  and (2) th e  
su b s tan tia l s h a d o w  e ffe c ts  c rea ted  by Ind iv idual w in d  tu rb ines . 
O nce th e s e  Issues are so lved , th e  radar research w ill fu r th e r  fo ­
cus on th e  ba rrie r and co llis io n  e ffe c ts , us ing  a s im ila r approach 
as w a s  d e m o n s tra te d  above and ta k in g  a cco u n t o f radar data 
filte rin g . A lso , C ham berla in  e t al. (2006) s h o w e d  h o w  sm all 
d iffe re n ce s  In e s tim a te d  avo idance  ra tes re su lt In p ro p o rtio n a lly  
large changes In e s tim a te d  m orta lity . To Im prove  th e  o u tc o m e  
o f th e  C R M , radar o b se rva tio n s  shou ld  be c o m b in e d  as m uch 
as poss ib le  w ith  s im u lta n e o u s  v isua l o b se rva tio n s  at th e  spo t, 
to  assess s p e c ie s -sp e c ific  f lig h t h e ig h ts  and avo idance  rates, 
ta k in g  a cco u n t o f d iffe rin g  bird behav iou r u n d e r a range o f co n ­
d itions . The C R M  h o w e ve r rem a ins  a th e o re tica l m ode l, and to  
kn o w  actual co llis io n  rates, dev ice s  th a t m easu re  co llis io n s  o f 
b irds w ith  tu rb in e s  are s till needed . Finally, th e  c o n s tru c tio n  o f 
a n e w  w in d  fa rm  In th e  area so u th  o f th e  radar loca tion  In th e  
near fu tu re  w ill p rov ide  an Ideal o p p o rtu n ity  fo r  th e  com p a riso n  
o f pre - and p o s t- lm p a c t pa tte rns, w h ich  w a s  n o t poss ib le  fo r 
ea rlie r p ro jec ts .

Northern gannet


