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Attraction of harbour 
porpoises to offshore wind farms: 
what can be expected?
Jan Haelters, Laurence Vigin and Steven Degraer

The elusive and highly mobile  harbour porpoise is the 
m ost abundant cetacean in Belgian w aters , seasonally 
reaching average densities of m ore than 2 an im a ls /km 2. 
Operational w ind  fa rm s may affect the porpoise habitat in 
various negative and positive ways, such as th rough the 
introduction of possib ly de te rren t noise or the introduction 
of artificial substra tes w ith  associated porpoise prey fish. 
Porpoises sh o w  concentra tion areas in Belgium, none of 
w h ich  being linked to  the  w ind  fa rm s so far. Because of 
the  spatial resolution being too  low, aerial surveys w ill 
need to  be com p lem en ted  w ith  ta rge ted  passive acoustic 
m onitoring  in the future.

INTRODUCTION
The m o s t abundant ce tacean in Belgian 
w a te rs , as w e ll as In th e  N orth  Sea as 
a w h o le  and In th e  ad jacent A tla n tic  
Ocean, Is th e  harbour po rpo ise  Phocoena  
phocoena. In Belgian w a te rs  It Is 
espec ia lly  co m m o n  during  la te w in te r  
and early spring. R ecent data Indicate 
th a t th e ir  num b e rs  In th e  sou the rn  
N orth  Sea have Increased also during 
w in te r  and su m m e r/e a rly  fall o f th e  last 
decade (H aelte rs e t al., 2011 a; M U M M , 
unpub lished ; SCANS II). There Is a lot 
o f specu la tion  about poss ib le  a ttrac tion  
to , o r expu ls ion  fro m  opera tiona l w in d  
fa rm  areas. H arbour po rpo ises m ay be 
a ttrac ted  to  th e  w in d  fa rm s  because 
o f th e  high n u m bers  o f fish  near w in d  
tu rb ine  fou nd a tio n s  (C hapter 14) or 
because th e re  Is less d is tu rbance  due to  
sh ipp ing  o r fish in g  (Scheldat e t al., 2011). 
They m ay how e ve r also be scared o ff 
because o f th e  Increased u n d e rw a te r 
no ise  levels w ith in  and around 
opera tiona l w in d  tu rb in e s  (C hapter 6).
W e  Investiga ted  If th e  cu rre n t m on ito ring  
cou ld  reveal a ttrac tion  o r expu ls ion  
phenom ena.

MONITORING DESIGN
In th e  fra m e w o rk  o f o ffs h o re  w in d  
fa rm  m on ito r in g  w e  c o m b in e d  tw o  
m e th o d s  to  s tu d y  th e  te m p o ra l and 
spatia l d is tr ib u tio n  and abundance  o f 
ha rbou r po rpo ises: aerial line  tra n s e c t 
m o n ito r in g  (Buckland e t al, 2001) and 
pass ive  a co u s tic  m on ito r in g  (PAM) using 
a u to n o m o u s , m oo re d  se n so rs  (F igure 2).

The h igh ly  s tanda rd ise d  aerial su rvey  
f lig h ts  w e re  carried  o u t fo llo w in g  
p re d e fin e d  track  lines 5 km  apart 
(H aelte rs , 2009). From  th e  resu lts  
d e n s itie s  w e re  e s tim a te d  fo r 10 by 10 km  
b locks. T hese  b locks w e re  chosen to  
reveal b road-sca le  d iffe re n ce s  In d e n s ity  
o f ha rbou r po rpo ise s  In Be lg ian w a te rs  
b e tw e e n  su rveys  carried  o u t fro m  2008, 
w h e n  no w in d  tu rb in e s  w e re  p re se n t, up 
to  2013, w h e n  w in d  fa rm s  w e re  (partly) 
ope ra tiona l a t th e T h o rn to n -  and Bllgh 
Bank. B e tw e e n  2 008  and 2013, 20 aerial 
su rve ys  w e re  p e rfo rm e d . A  n u m b e r of 
th e s e  w e re  m ade  w h e n  p ile  d riv ing  to o k  
p lace In Belg ian w a te rs , w h ile  o th e rs  
w e re  In co m p le te . N o t eve ry  season 
cou ld  be covered  by aerial su rveys:

m o s t o f th e m  w e re  m ade  du ring  late 
w in te r  and ea rly  sp ring , w h e n  ha rbour 
p o rp o ise s  are kn o w n  to  be p re se n t In 
Belg ian w a te rs  at h ig h e s t d e n s itie s . For 
th e  ana lysis w e  used on ly  th e  su rveys  
th a t w e re  c o m p le te  o r a lm o s t co m p le te , 
and th a t to o k  p lace w h e n  no p iling  w a s  
ta k in g  place.
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Figure 1. Aircraft used for aerial 
surveys (Norman Britten Islander), 
and a cardinal buoy w ith a chain at 
its side holding a C-PoD; the C-PoD 
is hanging at a depth of around 1.5m, 
and is contained in an open stainless 
steel tube.

For PAM  w e  used C-PoDs, dev ices  th a t record  cha ra c te ris tics  
o f no ise  such as freq u e n cy , du ra tion , re p e tit io n  and b a n dw id th . 
U sing d e d ica ted  s o ftw a re  (see w w w .c h e lo n ia .c o .u k ) th e  m o s t 
p robab le  sou rce  o f th e  no ise  (do lph in , po rpo ise , SO NAR) is 
a ttr ib u te d  to  e ve ry  no ise  even t. A s such, PAM  y ie ld s  a de ta iled  
te m p o ra l Ind ica tion  (de te c tio n  rate) o f th e  p re se n ce  o r absence  
o f ha rbou r p o rp o ise s  at th e  m oo rin g  loca tion  (P laelters e t al., 
2011 b). B e tw e e n  2 009  and 2013 w e  m oo re d  C-PoDs near th e  
e dge  o f te rr ito ria l w a te rs  In th e  ea s te rn  and w e s te rn  part o f 
Be lg ian w a te rs  (re sp e c tive ly  at th e T h o rn to n b a n k  o r G oo tebank  
and at th e  O o s td yck  Bank), and a fe w  km  o ff B lankenbe rge  
(M O W 1 ; F igure 2). Data co lle c te d  du ring  or s h o rtly  a fte r p iling  
o p e ra tio n s  w e re  o m itte d  In th e  ana lys is  p re se n te d  here , as 
th e s e  o p e ra tio n s  have s h o w n  to  a ffe c t ha rbou r po rpo ise  
p re sence , and as such d e te c tio n  rates, ove r a large area 
(FHaelters e t al, 2012a). A s  a m ea su re  o f ha rbou r po rpo ise  
p re se n ce  w e  used th e  p e rce n ta g e  o f d e te c tio n  p o s itiv e  10 
m in u te s  p e r  day  (DP10m /d): th is  Is th e  fra c tio n  o f 10 m in u te  
pe rio d s  In a day In w h ich  ha rbour p o rp o ise s  w e re  d e te c te d .
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Figure 2. Location of the C- 
PoDs (TB: Thornton bank; GB: 
Gootebank; MOW1: Meetdienst 
Openbare Werken 1; ODW: 
Oostdyck West).
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SPATIAL AND TEMPORAL DISTRIBU­
TION OF HARBOUR PORPOISES
The h ig h e s t average d e n s itie s  o f ha rbour p o rp o ise s  w e re  
m o s tly  reco rded  du ring  M arch and A pril, w ith  up to  2 .7  In d ./km 2 
In M arch  2011, a lth o ug h  large Inter-annual flu c tu a tio n s  occu rred  
(for Ins tance  b e tw e e n  2 008  and 2013 In May, and b e tw e e n  
2010 and 2011 In April) and data p re se n te d  w id e  co n fid e n ce  
In te rva ls  (F igure 3). The lo w e s t d e n s itie s  reco rded  w e re  
0 .05  a n lm a ls /k m 2 (A ugust 2009) and 0.16 a n lm a ls /km 2 (M ay 
2 009  and January  2010).

D e n s ity  su rface  m aps resu ltin g  fro m  th e  aerial su rveys  
Illu s tra te  an uneven d is tr ib u tio n  o f ha rbou r p o rp o ise s  In Belg ian 
w a te rs  In space  and t im e  (a se le c tio n  Is p re se n te d  In fig u re  4). 
W h ile  th e  re su lts  o f th e  su rveys  o f February Ind ica te  a fa irly  
even dens ity , th e  m a jo r ity  o f th e  p o rp o ise s  w a s  fo u n d  In th e  
w e s te rn  part du ring  M arch  and A pril. Th is  su g g e s ts  a seasona l 
sh ift In d is tr ib u tio n  b e tw e e n  February and A pril fro m  th e  
n o rth e rn  and no rth -e as te rn  part o f Belg ian w a te rs  to w a rd s  th e  
s o u th -w e s t and w e s t.

http://www.chelonia.co.uk
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Figure 3. Average density of harbour 
porpoises in the survey area, esti­
mated on the basis of aerial surveys 
performed between 2008 and 2013.
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Figure 4. Selection of harbour porpoise density (n/km2) maps based on data collected during aerial surveys. Only aerial surveys performed during 
times when no pile driving was ongoing in Belgian waters, and with a (virtually) complete coverage are presented.
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The re su lts  o f PAM  (Figure 5) Ind icate a genera lly  lo w  d e te c ­
tio n  rate at th e  M O W 1 loca tion , c o n s is te n t w ith  fe w  harbour 
po rpo ises c lose  to  shore  In th e  eastern  part o f Belgian w a te rs  
The h ighes t d e te c tio n  rate at th is  loca tion  occurred , a lthough 
Irregularly, during  la te w in te r  -  early spring. The d e te c tio n  rate 
w a s  seasona lly  h ighe r fu rth e r o ffshore . A t th e  O os tdyck  th e

PAM data Ind icate  a h igher d e tec tio n  rate fro m  th e  end o f Febru­
ary to  th e  end o f April (2012). A t th e T h o rn to n b a n k  th e  com b ined  
data fro m  2011 to  2013 Ind ica te  a h ighe r d e tec tio n  rate b e tw e e n  
February and May.
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MAY WE CONCLUDE ON ATTRAC­
TION OR (PARTIAL) EXCLUSION?
Aeria l su rve ys  su g g e s t th a t ha rbou r p o rpo ises  o ccu r th ro u g h ­
ou t Be lg ian w a te rs . They s e e m  to  s h ift fro m  th e  no rth  to w a rd s  
th e  s o u th -w e s t and w e s t In late w in te r-e a rly  sp ring . In spring  
th e y  o ccu r In th e  h ig h e s t d e n s itie s  In th e  w e s te rn  part o f 
Belg ian w a te rs . C lose to  sh o re  th e y  reach a h ig h e r d e n s ity  In 
th e  w e s t than  In th e  east. O ff th e  cen tra l part o f th e  Belg ian 
coast, and up to  a round 30  km  o ffsh o re , th e re  Is an area w ith  a 
c o n s is te n tly  lo w e r dens ity .

The reason fo r a d iffe ren tia l d is tribu tio n  o f ha rbour porpo ises 
In Belgian w a te rs  th ro u g h o u t th e  year Is re la ted  to  a seasonal 
m ove m e n t, In th e  f irs t p lace m o s t like ly th e  conse qu e n ce  o f th e  
local food  availability. Such food  ava ilab ility  can be d e p en d e n t on 
fac to rs  such as tu rb id ity  o r w a te r  te m p e ra tu re . F larbour por­
po ises need to  feed  on a dally basis to  s tay  fit. T he re fo re  th e y  are

Figure 5. Weekly average detection 
rate (expressed as percentage of 
dp10m/d) at MOW1, Oostdyck and 
Thorntonbank/Gootebank between 
2009 and 2013.

fo rced  to  m ove to  th e  best feed ing  g rounds or to  fo llo w  m ob ile  
prey. As th e  o ffsh o re  w in d  fa rm  areas are re la tive ly  sm all c o m ­
pared to  th e  area th a t can be covered  In a sho rt period o f t im e  by 
th is  h igh ly  m ob ile  species, d iffe rences  In d is tribu tio n  w ith in  and 
ou ts ide  w in d  fa rm s  are probab ly In ferio r to  seasonal va ria tions 
w ith in  th e  sou the rn  N orth  Sea caused by m o ve m e n ts  to  find  
su itab le  prey resources. Flowever, w h e n  all fo reseen  w in d  fa rm s 
w ill be opera tiona l, d iffe rences  In p rey d e n s ity  w ith in  and ou ts ide  
th e m  m ay In fluence  th e  local d is tribu tio n  o f po rpo ises on a rela­
tive ly  sm all tem po ra l and spatia l scale.

The data co lle c te d  up to  n o w  do n o t a llo w  fo r  d e te c tin g  th e  fin e  
spatia l sca le  d is tr ib u tio n  o f ha rbour p o rp o ise s  needed  to  eva lu ­
a te  th e  a ttra c tio n  to , o r e xpu ls ion  fro m  ope ra tiona l o ffsh o re  
w in d  fa rm s. They can be used as a background, and do g ive  us
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an ¡dea o f th e  natura l sp a tio -te m po ra l pa tte rn s  and tre n d s  In 
ha rbou r po rp o ise  d is tr ib u tio n  and abundance  In Be lg ian w a te rs . 
They co n s is t cu rren tly , how ever, o f data n o t In a s u ff ic ie n tly  
h igh te m p o ra l (aerial su rveys) nor spatia l (aerial su rveys , PAM) 
reso lu tio n  to  e lu c id a te  poss ib le  a ttra c tio n  o r exc lus ion  e ffe c ts . 
A  m uch flne r-sca le  m on ito r in g  w o u ld  be needed  to  reveal such 
pa tte rns , p receded  by an a s s e s s m e n t o f h o w  co s t-e ffe c tiv e  It 
w o u ld  be: w h a t w o u ld  be Its p o w e r to  d e te c t change? C o n tin u ­
a tion  o f th e  cu rre n t m o n ito r in g  beyond  co n s tru c tio n  w ill enab le  
us to  asce rta in  p o pu la tion  level e ffe c ts  In Be lg ian w a te rs .
It shou ld  be n o ted  th a t w in d  tu rb in e  fo u n d a tio n s  a ttra c t fish  
th a t c o n s is t po ten tia l p rey fo r  ha rbour p o rp o ise s  (H ae lte rs  e t 
al., 2012b; C hap te r 14). T he re fo re  It Is like ly  th a t fe e d ing  op ­

p o rtu n itie s  w ith in  w in d  fa rm s  are b e tte r than  In th e  areas ju s t 
o u ts id e  th e m . This w o u ld  fa vo u r -  on a sm all sca le  -  th e  p re s ­
ence  o f ha rbou r p o rpo ises  w ith in  w in d  fa rm s , ra the r than  o u t­
s ide  th e m . W e  e xpec t, g iven  th e  no ise  leve ls  ge n e ra te d  by an 
ope ra tiona l w in d  fa rm  (Tougaard e t al., 2 009 ; N orro  e t al., 2011) 
and th e  hearing  s e n s it iv ity  o f ha rbou r p o rpo ises  (K aste le in  et 
al., 2002), th a t d is tu rb a n ce  w o u ld  be lim ite d , and th a t th e re ­
fo re  exc lus ion  e ffe c ts  on th e  long te rm , and pe rhaps a fte r 
so m e  hab itua tion , are un like ly  to  o ccu r (ICES, 2010; M u rp h y  e t 
al., 2012). The q u e s tio n  rem a ins  If th e  cu rre n tly  and na tura lly  
p re fe rred  fe e d ing  g ro u n d s  p re se n t -  on a la rge sca le  -  a m ore  
favourab le  hab ita t than  th e  w in d  fa rm  area.

FUTURE MONITORING
Linking PAM and aerial survey data?
It w o u ld  be use fu l, g iven th e  lim ited  tem po ra l reso lu tion  of 
aerial su rvey  data, to  be able to  a ttribu te  an abso lu te  d e n s ity  
to  PAM data o f acoustica lly  active  anim als. This Is, however, 
p rob lem a tic  fo r  several reasons. D e te c tio ns  m ay concern  
s ing le  an im als o r groups, d e tec tio n  g rad ien ts  fro m  th e  PAM 
dev ices rem ain  unkn ow n, d e tec tio n  ranges b e tw e e n  PAM 
dev ices vary, voca lisa tions can be d irectiona l and th e  anim als 
m ay exh ib it diurnal ra tes In m o ve m e n t and In voca liza tion  rate. 
The consequence  Is th a t It c o n s titu te s  a co m p le x  and chal­
leng ing m a them a tica l p rob lem  (Kyhn e t al., 2012 ;T hom as and 
M arques, 2012; M arques e t al., 2013). However, th e re  m ay be 
a m ore  p ragm atic  w a y  to  try  to  link re lative  PAM w ith  abso lu te  
dens itie s  ob ta ined  th ro u g h  aerial surveys, even If on ly  a lim ited  
nu m b e r o f aerial su rveys w e re  pe rfo rm ed , and th e  n u m b e r of 
PAM  devices dep loyed Is low. W e  have com pared  th e  average 
d e n s ity  o f g roups o f harbour po rpo ises e s tim a te d  during aerial 
su rveys In th e  m o s t appropria te  grid ce lls In w h ich  C-PoDs 
w e re  dep loyed (abso lu te  d e n s ity  d iv ided  by th e  average group 
size during th a t m onth) w ith  th e  de tec tio n  rates at th is  C-PoD 
averaged over 5 days o r over th e  m o s t appropria te  period In 
case th e  aerial su rvey  w a s  not co m p le te d  In one day (Figure 6).

W e  fin d  a h igh ly  s ign ifican t, and a lm os t linear, re la tionsh ip  be­
tw e e n  d e tec tio n  rate and g roup  d e n s ity  o f harbour porpoises. 
Such a re la tionsh ip  shou ld  In fac t no t be expec ted  to  be a linear 
one, at least not over th e  w h o le  range o f d e n s ity /d e te c tio n  
rate, as a sa tu ra tion  can be expected  In high d e n s ity  areas. 
How ever, th e  Issue still rem a ins a com p le x  one, w ith  m any fac­
to rs  In fluenc ing  bo th  d e tec tio n  rate In passive acoustic  m on ito r­
ing and d e n s ity  e s tim a te s  ob ta ined  th ro u g h  aerial surveys.

Spatio-temporal resolution of data
The b es t m e th o d  to  Increase th e  sp a tio -te m po ra l reso lu tio n  o f 
data In o rd e r to  e lu c id a te  poss ib le  a ttra c tio n /re p u ls io n  e ffe c ts  
w o u ld  be to  de p lo y  a re la tive ly  h igh n u m b e r o f PAM  dev ices 
w ith in  and o u ts id e  an ope ra tiona l w in d  fa rm  area du ring  a 
period  In w h ich  no co n s tru c tio n  ta ke s  p lace In ad jacen t w in d  
fa rm s  (Sche ldat e t al., 2011). Even w ith  a re la tive ly  large 
n u m b e r o f rep lica tes , d iscu ss io n  can rem ain  on th e  In te rp re ­
ta tio n  o f data.

Noise levels vs. hearing sensitiv ity 
of harbour porpoises

A lth o u g h  so m e  no ise  m e a s u re m e n ts  have been m ade  at op ­
e ra tiona l w in d  fa rm s , th e s e  to o k  p lace on ly  du ring  c o n d itio n s  
w ith  lo w  sea s ta te s  and lim ite d  w in d  speeds. Data on un­
d e rw a te r  no ise  Is needed  th ro u g h o u t th e  range o f sea s ta te  
co n d itio ns , w h ic h  Is on ly  poss ib le  th ro u g h  th e  use o f m oo re d  
no ise  m easu ring  e q u ip m e n t. T here  m ay a lso be Im p o rta n t 
d iffe re n ce s  In bo th  th e  a m p litu d e  and p re d o m in a n t fre q u e n ­
c ies  o f th e  no ise  ge n e ra te d  by d iffe re n t ty p e s  o f tu rb in e  and 
fo u n d a tio n s , and a lso th e  seascape  and se a flo o r c o n s titu tio n  
play a ro le  In no ise  gen e ra tio n  and tra n sm iss io n . H arbour 
po rpo ise s  liv ing In th e  re la tive ly  n o isy  so u th e rn  N orth  Sea 
m ay be m ore  to le ra n t to  no ise  than  ha rbour p o rp o ise s  liv ing 
In q u ie t areas such as w e s t o f S co tland . T he re fo re  u n d e rw a te r 
no ise  data Is needed  fo r each scena rio  to  u ltim a te ly  be c o m ­
pared w ith  th e  hearing  s e n s itiv it ie s  o f ha rbou r p o rpo ises  and 
w ith  data co lle c te d  th ro u g h  PAM.
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Figure 6. Results of PAM (DP10m/d 
averaged over 5 days or relevant peri­
od; inoi. Cl) vs. results of aerial surveys 
(groups/km2 averaged over the relevant 
10x10km grid cells); the dotted line 
includes the outlier (open data point), 
the full line does not take account of it 
in calculating the trend line.


