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Summary

This report presents the finalresults of a fouryear study of seabird distribution patternsin and around thefirst
offshore wind farmin Dutch North Sea waters. This wind farm, knovas OWEZ (Offshore Wind farm Egmond aan
Zee) issituated 10 - 18 km off the Dutch nainland coast northwest of the port of IJmuidenSeabirds were
repeatedly surveyed along preet survey lines, covering a rather large area around OWELhis survey design
was chosen to make comparisons between the presence of birds within the wind farndan the surrounding
area, while taking into account the general distribution patterns in the general area. The latter were modelled as a
function of distance to the coast and north to south clines in density patterns. Temporal differences could be
explored by comparing the distribution patterns in one year before construction of thend farm (T-O surveys)

with three years of postonstruction surveys. Both the spatial and the temporal patterns were under influence of
other factors than of the wind farm @/EZ alone, however. The Dutch government allowed for a second wind farm
to be built in close proximity to OWEZ, in the early years of this study. Teézond offshore wind farm (known as
Princess Amalia Wingark, PAWP) came into operation shortly after OW&nd the area taken up by this second
wind farmshould be seen as a second impact area within the larger study aréathird anomaly in the study area

is an intensively used anchorage area, where ships destined for IJmuiden port wait to er@eme 20 shps were
usually anchored here; numbers seemed somewhat higher (but went unrecorded) in the last year of the study.
Within the general study area, seabirds thus had a choice to go into OWEZ, PAWP, Anchorage or to stay out of
these areas, in the remaining, pen sea. This reference area surrounding the impact areas was not free from
human impacts either, howeverShipping is intensive in Dutch nearshore waters. In the study area shipping
comprised traffic approaching or leaving 1IJmuiden port, ships in tranaiid fishing. The latter in particular has an
influence of the distribution patterns of some seabirds: those scavenging for fishery waste, like gulls. As fishing is
not allowed inside the wind farms, the largest concentrations of gulls and allies during THesurveys were likely
found in the reference area, where fishing continued. Another large source of variation was changing habitat from
closely inshore to further offshore. On top of these rather predictable sources of variation, there was
considerablebetweenyears variation formost seabirds and surveymonths. Such variation usually impacted the
whole study area (and probably much larger parts of the North Sea), making ytearear comparisons or T-0/T -1
comparisons, more difficult. These sources ofariation hindered to some extet the primary aim of this study
whichwas to determine whether seabirds would be avoiding the wind farm, or be attracted to it, or be indifferent.

Q@
v
/ The schematic map to the left shows the
/ locations of OWEZ (with 36 turb@s), PAWP|
(60 turbines) and the Anchorage area
/ (mostly between 10 and 30 moored ships)
/ relative to the mainland coastline on the

/ right and the entrance to the port of]
S, : : .
& IIJmuiden (bottom right). The three impag
5
PAWP ¢ H / \ \OWEZ areas are grouped around the 20 m
‘ / \ ] isobath (inblue). The horizontal green lineg
= are the preset transect lines that were

—

A w—— surveyed during each of the ¥ and T1
/ \ \Anchor (Before and After, respectively) surveys.
I N The total area covered per survey
measured roughly 725 knt (ca 22 x 33
I km), with the wind farrs centrally situated

g
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Initially, aBACI (Beforé\fter Control Impact) approach was used to address this question, at the level of individual

seabird species. First, a series of Before surveys was carried out, covering one whole yéhese surveys ran

from 2002-2004). Next, three sets of After surveys were carried ou{2007-2010). This setup allowed for

comparisons between the Before (construction) and After (thénd farmhad become operational) situations, but

al so bemnivlereln (Pas wel |l ampemdlhiee soMnbdamd ®nohin anyThegi ven s
considerable yeato year variation in seabird presencenade comparisons between the single set of U surveys

and the three sets of subsequent I surveys difficult. Withisurvey comparisons weg therefore more

informative. Within survey comparisons do not rely on0I'T-1 comparisons, which might be impacted by other

factors than the presence of the wind farm, Spatial variation, i.e. general changes in seabird density related to

distance to coastand/or northing, were taken into account in these comparisons.

When sufficient data were collected for a given seabird species and mon@gneralised Additive Mixed Models
(GAMM or Generalised Additive ModelsGAN were used to explore the relative comibutions of location,
expressed as distance to shore and latitude and the presence afie of three anomalies or impact areas within
the study area:the OWEZ wind farpthe adjacent Princess Amalia Wirlgarm, or the Anchorage off IImuiderto
the distribuion patterns found Presence/absence data, rather than densities of seabirds were used because
these data were less affected by both large numbers of zeowunts within the data set and a few counts with
very large numbers, or betweewnbserver differences.Betweenobserver differences were minimised, by using
the same principal observers over long time spans and by always using observers in teams of two.

Withinsurvey comparisons have four possible outcomes: Attraction, Avoidance, Indifference or-slgnificance,
and Insufficient dataAttraction means thatthe probability of finding birds within the perimeter of the wind farm
is significantly higher than expected on the basis of the general distribution pattern in the larger study area.
Conversely,Avoidance means that theprobability of finding birds within the perimeter of the wind farm is
significantlyreduced. Indifference means that the probability of finding birds is not impacted by the presence qf
the wind farm. However, indifference is hard to sepate from lack of statistical significance, the sgcalled Type Il
error. A Type Il error is made when the data show no significant difference between expected and found
presence, while in fact the presence was elevated or reduced. Lack of statistical poviga general problem
while examining distribution patterns, especially when densities are low, or distributions very clumped. Low
densities imply high probabilities of local zesensities which are not necessary related to wind farm presence.
Clumped digribution imply high probabilities of local peaks and lows, again not necessary impacted by the
presence of a wind farmNote in this respect that the offshore wind farm studied represents only a very small
area as compared to the distribution ranges of t§hore seabirds, which usually show considerable variation in
local densities.Finally, in some situations birds are largely not present at all, or only present in very low densities
(e.g. in the season when they are breeding in other parts of the worldj,are present in only one part of the
study area (e.g. closely inshore). In such situations survey results do not render themselves for analysis
(Insufficient data ).

Different results were found for different seabird species. Little impact of tlrend fam on most of the socalled

nearshore species was found, as these birds rarely ventured out so far to sea, that they would reach OWEZ

latitudes. This result is different from Indifference, athe birds concerned simply did not venture out to sea far

enought 0 meet up with the wind farm; this resulted in °In
farm and surrounding areas had to be madelhis group comprises the Redand Blackthroated Divers,Great

Crested Grebe, Common Scoter, Bladkeaded Gulland ©° Co mmi(Commom and rAsctic Terns taken

together as these could not always be specificaligentified. Densities of all these birds atvind farm latitudes

were mostly so low, that few individuals were available to fly or swim into thid farm

A similar, but mirrored pattern was found in species that mostly occiurther offshore, to the west of OWEZ.
Densities ofNorthern Fulmas were always low aroundDWEZ most of these birds occurred furtherwest. None
were ever seen to enter the wind fan, but ecological consequences of the loss of a small surface area of sea at
the fringe of its huge range, must be negligible Two other birds that tended to occur mostly offshore showed
different reactions to the wind farm. Northern Gannets tended to #yound thewind farm while Blackegged
Kittiwakes seemed mostly indifferent to thevind farm

Large gulls the most numerous seabirds in the general areayere mostly found associated witlishing vessels

As fishing is no longer allowed in the windrfas, gull numberswere never very highhere during the FL surveys
Gull distributions were alwaysery patchy around it, as most gulls go where the fishers gdost gulls seened
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rather unconcerned about the presence of offshore turbines, flying throughetiwind farm without visible
behavioural adjustment and resting on the foundation poles of the turbines in small numbEne main effect of
the wind farrms on gull distribution patternds that trawlers are kept at bay and that the largest concentrations of
gulls now occuroutside the wind farms around the trawlers that keep working the general area.

Sandwich Terns and Little Gullsccurred throughout the study area while migrating across the study area, and
were expected to be able to profittrom the presence of the wind farm by exploiting it for feeding, resting or
courtship. These birds reportedly fedn the tidal wakes behind thenonopoles of the Danish Horns Rev wind farm
(Elsam Engineering & Energi 2005; Elsam Engineering 2005; Petersen & Fox 208 are known to extensively
use navigational buoys for resting and courtship display in Dutch watefsilp & Schekkermarl997) and were
thus expected to also use OWEZ in thesegmects. However, although bth Sandwich Terns (very rarely) and
Little Gulls(rarely) were seen inside the wind farm on occasionsnost of these birds seemed to prefer flying
around thewind farmrather than entering it.

One species, the Great Cormorant, was clearly attracted to the wind farm. Birds from two mainland (coastal)
colonies, Zwanenwater (Petten, aB0.3 km from the metmast) and Hoefijzermeer (Castricum, 8.7 km) were

quick to discover that thewind farm provided good offshore feeding and resting conditions. Resting (out of the
water) is critically important for cormorats, that need to dry their feathers after feeding bouts under water. Birds
commuted between the mainland and OWEZ (and later further on, to PAWP as well) in rather large numbers, while
OWEZ and certainly PAWP latitudes were off limits to these birds wherseating was provided.

Auks, in these partsGuillemos and Razorbi8, offered the best possibilities to study avoidance from wind farms
Earlier studies, in and around the Horns Revwind farm had indicated strong avoidance in aukgElsam
Engineering &Energi 2005; Elsam Engineering 2005; Petersen & Fox 20Q7Results for OWEZ were less clear
cut. Both species showedIndifference/Insufficient data in many situations, and\oidancein some However,
whenavoidance wagfound, this wasnot total, and Gui#mots and Razorbills weréoth seen inside thewind farm

and also inside the neighbouringvind farm PAWP, with a much higher turbine densitjurbine density probably
did have an effect on avoidance though, avoidance being apparently stronger in PAWP r(dut00% either).
Measuring the effect of relatively small wind farms on birds that occur in rather low general densities, requires
more effort inside thewind farms than was realised in most of our TL surveys, due toa rather broad line
spacing. Therefoe, after an evaluation of the results obtained untili 2008 ag outlined in report
OWEZ_R_221 T1 20100329 local_birdshore transect lines were introduced in the last set of surveys, and an
extra winter survey was carried out in the last year, when auks weresent This approach yielded better results
than earlier surveys, but with only one winter¥%s worth
of avoidance. Future work on these species, focussing on tignd farns themselves, is kely to shed more light

on the exact amount of disturbance, as a function of both bird density and turbine density.

The data for all species may be summarised as follow§rable 0) given the four possible outcomes of
inside/outside wind farm comparisons ith insidewind farm meaning: within the OWEZepmeter and outside
wind farm meaning: outside either OWEZ, PAWP or Anchorage). A total of 37 slirveys were conducted and
analysed (see Table 2) Statistical analysis was only possible in situations (bimtbnth combinations) with
sufficient number of birds found within thevhole study areaand also at longitudes of the wind farmin other
cases, a statistical test of thesurveyresults was not possible: the data wereNot applicable . When sufficient
birds were availablefor analysis the outcome of the statistical test was eitheAttraction, Avoidance or Non-
significance . In Table 0 the numbers of times either result was achieved are summed for all species considered.
From this overview it is clear that an féect of the wind farm in terms of statistically significantAvoidance
Attraction could not be demonstrated for most situations, either because the results wekt significant , or
because the data wereNot applicable . Note, however, that theNot signific ant category may containType Il
errors due to insufficient statistical power.Attraction was clear in one species, the Great Cormorant.
Attraction was also found in some months foiseveral gull species, but gulls also showedAvoidance or
Indifference (Nonsignificance) in other situationsSignificantAvoidance was found indivers, grebes, gannets,
Little Gulls and both aukqGuillemot and Razorbjjl but for all of these inonly in a minority of surveys with
sufficient numbers of birds present.
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Species Attraction Avoidance NS Not applicable
Divers 0 3 5 9
Great Crested Grebe 0 1 3 13
Northern Fulmar 0 0 1 16
Northern Gannet 0 2 8 7
Great Cormorant 10 0 4

Common Scoter 0 0 1 16
Little Gull 0 1 6 10
Black-headed Gull 0 0 1 16
Common Gull 1 0 11

Lesser Black-backed Gull 0 1 11

Herring Gull 1 3 10 3
Greater Black-backed Gull 4 2 11 0
Black-legged Kittiwake 1 0 4 12
Sandwich Tern 0 0 2 15
Common & Arctic Tern 0 0 3 14
Common Guillemot 0 2 9 6
Razorbill 0 1 5 11

Table 0. Summary of results. For atal of 17 T-1 surveys (see Table 9 the summed numbers of surveysre
given per species in which either Attraction or Avoidance (statistically significant) was found, or asipmficant
result, or when insufficient numbers ofifds were present (ofseason surveys for that particular species).

Average seabird densities (not corrected for birds missed by the observers) during each survey are presented in
Appendix 1, separately for the strat®®d WEZ, PAWP, Anchorage, and the reniag Reference area. Total numbers
of all birds and marine mammals observed per survey are given in Appendix 2.
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Assignment

This study has been commissioned by Noordzeewind. Noordzeewinehs andoperates the first offshore wind
farm in Dutch Nord¥h <Stwadwaiteras0tzdbhli cdyaipcommit bei ued by
government and aims at determining reactions of local (sea)birds to the wind farm, during its operational phase.
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Introduction

The Dutch consortium "NoordzeeWin@a joint ventue of Nuon and Shellpperates the firstoffshore wind farm in
Dutch North Sea waters. Thevind farm consisting of 36 turbines on monopiles, is located NW of IIJmuiden
harbour, 10 - 18 km off the Dutch mainland coast. Named after the nearest town ashore, thvnd farmis known

as "Offshore Windarm Egmond aan Zee" (OWEZ; Figure B.second offshore wind farmhas also become
operational, at a short distance to the west of OWEZ. Thisnd farm Princes Amalia Windrarm (PAWP) has a
smaller total surface area, but nearly twice the number of turbines (60), also on monopiles. The OWEZ turbines
are taller andmore powerfulthan the PAW turbines, but are spaced more widely at sea, giving the impression of

a more °openx» site.

Image © 2007 Aerodata International Surveys

8.62 km Image NASA
© 2007 Tele Atlas

Pointer lat 52.554498° lon 4.404079° elev. Om Streaming |||||I|}|| 100%

Figure 1. Location of the 36 OWEZ turbines (right) and the 60 PAWP 60 turbines left, to the northwest of the
port of Idmuiden (lower right). In addition to the turbines, OWEZ has a 116 m high (m&tteo)mast situated
centrally on the seaward (SW) side of theind farm and PAWF has #&ansformer platform within thewind farm
Image from. http.//home.planet.nl/~windsh/Offshorelocaties.jpg The red dots (added to the original picture)
represent the OWEZ metmast and PAVBnsformer platform.

This report has been commissioned by Noordzeewind, and deajsesifically with the possible impact on local
seabirds of OWEZ. However, the presence of PAWF at a short distance from OWEZ cannot be ignored and the
combined impact of both wind farms on the local seabirds is therefore also explored.
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Figure 2. OWEZ wid turbines and thel16 m high OWEZ metmast off the Dutch mainland coasthe turbines
are situated 10 to 18 km offshore. On clear days, the wind farm is well visible from land, and vice versae

skyline on land is dominated by Corus steelworkgist north of IJmuiden The ship at the lower right is the 44 m
long coastguard (Rijkswaterstaat) vessel Terschellirléhotos.: Hans Verdaat, IMARES.
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Figure 3. Transformer platform and three of the 60 turbines of PAWP. The PAWP turbines are smaller, but
placed closer together than the OWEZ turbines. Note that both the PAWRP transtmmlatform and the OWEZ
metmast offer a platform for roosting seabirds, such as cormorants and gullBhoto. Hans Verdaat, IMARES.

The OWEZ site has 36 turbinesvith hub heightat 70 m amsl), each equipped with three rotor bladeseaching

up to 115 m amsl. The turbinetype used is Vestas V90- 3MW. The turbines are put ortop of a foundationbuilt

up of monopole foundation piles and (yellow painted) transition piec€kese monagpiles (250 tonnes 45 meter

long) have been driven into the seabed between April and July 2006. Putting the turbines onstapted shortly

after the first pilesand transition pieceswere in place and therhappenedintermittedly with pile driving. The first
turbine was installed in May 2006 and by the end of August all 36 turbines were in place. TWiad farm

produced the first electricity in September 2006 and was commissioned on 1 January 2007OWEZ is built in
slightly shallower waters (120 m) than PAWP10-24 m) and closer to shore (ca D - 18 versus ca 23 km).

Construction of PAWPstarted shortly after OWEZ became operational, in October 200@®Building PAWP took
longer than did building OWEZ (Figaré, 9). PAWP was fully operational by June 2008he trbines used in this
wind farmare smaller than in OWEZ/estas V80-2 MW, at 59 m ansl, with a rotor diameter of 80 m.

OWEZ is a much mor e ° op @iguwed)wihen3dd OWEX turbings ara situatedsin aR A& pf
27 km?, while the 60 PAW turbines are placed within 14 kA Distances between turbines are circa 550 m in
PAWR in all directions (Figure 3and http://www.prinsesamaliawinevind farmeu/nl/index.asp). OWEZ has a wy
different design (Figurel). It has been built to take maximum advantage of prevailing SW winds. The turbines
have been put into 4ows, that are 1000 m apart, while inteturbine dstance n eachrow is 640 m.
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Figure 4 . Seabirds survey in OWEZ, ApA007. Threerows of turbines are (partly) visible. Notéhe amount of
open space betweerrows of turbines. Photo.Hans Verdaat, IMARES

Both wind farrms have electricity cables trenched into the sea floor, connecting the turbines to each other and the
wind farm to the mainland (eactwind farm operates through its own cables). Operations also involve frequent
servicing, using small, fast personnel shipgFigure5) and large maintenance and repair ships, barges and
cranes; aerial supervision by the Dutch cetguard (by lowflying planes and helicopters) and scientific research
visits (by various ships). Both the moving turbine blades and the aircraft and ships connected to the wind farm
may impact local seabirds. These impacts may range from attraction to @etence from the site and, in a worst
case scenario (collisions), to the death of some individuals. Attraction is often easily recognized, when seabirds
roost on wind farm installations (Figure7). Avoidance is less easily seen. To demonstrate avoidanceesific
seabird densities in the operatiomvind farns have to be compared to preconstruction densities and to densities

at comparable sites outside thevind farm Deciding what such ©°comparable sites:c
as bird densities at sa are not uniform and do not always show clear spatial patterns. Avoidance and attraction
by the wind fam are the main topics of this report;flight patterns and behaviour around individual turbinese
considered elsewhere (Krijgsveld et 22009 andthe final report (2010) in prep).
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Figure 5 a. Maintenance in OWEZ: a daily feature on gaodather adays. Photo: Hans Verdaat, IMARES.
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Figure 5b. Major maintenance in OWEZ during thel Jphase of the project (10 April 2008). Photo: Kees
Camphuysen, NI2,
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Figure 6. Construction activities in PAWRIreparations forhoisting a turbine Building PAWP took place while
OWEZ was already fully operational and whild Seabirds surveys (see main text) for OWEZ were conducted.
Photcs: Hans Verdaat, IMARES0p) Kees Camphuysen, NIOZ (bottam)
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Figure 7. Attraction. Great Cormorants roosting on OWEZ metmast (top) and Cormorants and Lesser Black
backed Gulls roosting on the PAWP transfoemplatform (bottom). Photos: Hans Verdaat, IMARES.
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This reportdescribes thedistribution patterns of seabirdsn an area of approximately25 km? (ca 22 x 33 km),
around the OWEZ and PAWHNd farms (Figure8). A total of 25 surveys of this area is available for analysis,
comprising 8 socalled TO surveys (see Leopd et al. 2004 for a full analysis) and T T-1 surveys. The T1
surveys were carried out in three clusters of six surveys each:1a from April 2007 to January 2008; FLb from
April 2008 to January 2009 and TL.c from June 2009 to April 2010. The FL surveys were timed to match TO
surveys, but with only six (per cluster)-T surveys against eight 0 surveys full matching was not possible. One
of the T-0 surveys, conducted inMay 2003 (see: Table 1 in Methods section) was not repeateéd the T1 phase,
and s not further treated here. Bad weather in Septembe2008 and again in September 2009frustrated two
autumnT-1 surveys. The SeptembeR008 had to be cancelled altogether, while the Septemb&009 survey was
postponed to October. AsT-0 surveys were made bth in September and October, both were kept for analysis.
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Figure 8. Location of OWE with 36 turbines and of PAWP with 60 turbines, to the northwest of the port of
Umuiden. The two wind farms are situated on either side of th20 m isobath (blue thick line). In addition to the
turbines, OWEZ has a 116 m high m@émeteo)mast situated on the seaward side of theind farm and PAWF has

a transformer platform within thewind farm(both indicated by red symbols)The green lines runngp E-W are the
principal survey lines (see methods section).
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The TO surveys were carried out before either windlarm was in place, while the I surveys were conducted
after OWEZ became operational. Note however, that PAWP was still being built during{tee surveys and the

first (April) FLb survey: for thiswind farmthese surveys should probably be regarded &constructiori/surveys
(Figure 9) As this report deals primarily with OWEZ, this complication is further ignored here. In any case, PAWP
became progressively more visible at the surface as building progressed, and the fleet of working ships involved
also impacted the site. Still, avoidance/attraction at the building site of PAWP might have differed betwega T
and T1b/c surveys.

Figure 9. PAWRP under construction. April 2007 (top) and April 2008 (bottom). OWEZ was fully operational by
then, these pictures were taken during -1a surveys. Photos. Hans Verdaat, IMARES and Kees Camphuysen,
NIOZ.
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