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SUMMARY

DONG Energy has commissioned a consortium of OrbawDHI in association with
Marine Observerto model the distributio of prey toCommon $oterMelanitta nigra

by means of a habitat moda$ part of the monitoring program for the planned Horns
Rev 2 offshore wind farmThe establishment of the Horns Rev 2 offshore wind farm
(HR2 OWF) was granted by the Department of gyesn the 18 March 2007 on the
basis of DONG En e r'gOctdber 2606. (¥ heilocadian iofothre HRf
OWEF is planned for the outer part of Horns Rand itconsists of a total of 91 turbines,
each 2.3 MW which are placed with 1&séwestoriented rows of 7 turbines.

Common $oters feed almost exclusively on fikreding bivalves, and in the Danish
part of the North Setney are known to feed on bothtdrough shellsSpisula subtro-

cata and American razor clantsnsis americans. The prefereoe for razor clams seems

to be of recent origin, anthis preferencdnas been suggested as a possible reason for
the dispersal of scotens theHorns Revareaexperienced during the PS®lated mon
toring programmeThis dispersapattern of razor clampossibly may affect the pse
ence of scoters near the Horns Rev 2 sie both primary prey species to Common
scoter in the North Sea occur commonly in the region knowledge of the availpble su
ply of both razor clams and trough shells in the site and amsHBev in general is
critical to the application of a BACI design for monitoring the impact of the wind farm
on scoters. Lack of detailedydrodynamic and gebiochemical modelto construct
physidogy-based growth models for stand&mbwledge about theigtribution of prey

can lead to ambiguous interpretations of monitoring results, and even bias conclusions
on possiblempacts.

The modelling work integrated dynamic model data on the potential carrying capacity
of the two potential prey species in theaaaad field data omenthos and surface sed
ments and the relief of the sea floor. The carrying capacity models were deveteped u
ing the output from a local combindgdrodynamic and gebiochemical model to ¢o

struct physiologybased growth models for si@ardindividuals with an advection term
that replenish the food ingested by filfeeders.

Existing knowledge of food seleoti and prey dynamics by Commormadger in the
Horns Rev area could not be corroboratoth additionaldietary investigations ithe

main feeding area of the scoters, the linkedthas sampling programme and the model
results unambiguously point at two rather widfined prey communities of razor clams
and trough shells, which are both utilised by the scoters. The communityoafjith
shells is related to the area of fine sediments and very high food supply in terms of near
seabed chlorophyll concentrations found in the Esperance Bugt émal grioundCan-

cer. Most of the areas over the reef are unsuitable tordbhgh shellsdue to the sed

ment structure and the frequent taver of sediments as a result of periodic stromg cu
rents over the reef. The community of Razor clams, on the other hand, prefer the
mediumsized sediments over the reef and to the northwest of the rekfdimg the
planned wind farm site, and are due to their deep penetration into the sediment able tc
survive the frequent sedimerg-beddingin these areas. Although this community is
also found in the eastern part of the area the fine sediments seemnguliable to the
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species, and prevent the razor clams to utilise the higher concentrations of food found
just off the Danish coast. Rather than an ecosystem dominated by one prey species
American razor clams, our results indicate that both prey spa@eamportant at Horns

Rev, and that most birds now and historically have been feeding on trough shells in the
area.

The change in theistoric distribution of Commonter recorded after 1999 showed a
relocationof a proportion of 125 % of the birdslang the reef into the offshore areas
shallower than 15 m on the reef as well as on the plains northwest of the reef.fThese a
eas can now be identified as suitable habitat for razor clams and as mainly unsuitable
for trough shells. Thust is highly likely that Common &oters mainly feed on razor
clams in the 6newd area of their distri
and in 2008 allvere in excellent condition the most probable function of this dual prey
system ighat razor clams provide supplemetary source of food for scoters which are
generally experiencing a rich supply of food in terms of trough shells. This is supported
by the fact that scoters seem to use the razor clam habitats more during the later part c
the season, when fo@vailability in their primary feeding area may become scarce as a
result of their own preation.

The distribution model forazor clam for the period 2000 to B6learly shows that
most of the footprint area of the HR2 OWF is prime habitat for thisiefpesnd hence
that concentrations of Commdtoters may occur regularly in the wind farm site, as
found during the surveys from 2005 to present. Based on the model results g-is que
tionable whether scoters will use the existing HR1 wind farm site fréguas the area
does not seem to be highly suitable to razor clams.

Data on surface sediments and benthos are lacking in the areas to the west of Fang ar
the whole area northeast of Horns Reareas which areviportant to describe in terms
of potentialfood supply to CommoBcoter. Equally important, the available data on the
Spisulaand Ensisdo only allow for a breaklown of habitat suitability based on pre
ence/absence. Quantitative data are needed to base suitability estimations on bioma:s
levels raher than preence/absence pa
‘ terns, as such estaions most likely
will result in better spatial information
on gradents and patchiness in thesdi

tribution of the two species on Horns
Rev.
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DANSK RESUME

Et konsortium bestaende af OrbicogDHI i samarbejde med Marineb®ervershar pa
vegne af DONG Energy gennemfembdellering af udledelsen af faden for sorteender
Melanitta nigrasom en del af overvagniggrogrammet for den planlagte Horns Rev 2
havvindmglleparkTilladelsen til at bygge HornseéR 2 havvindmgllepé&en blev givet

af Energistyrelsen den 19. marts 2007 p
tober 2006. Placeringen af vindmglleparken er planlagt til at veere pa den ydre del af
Horns Rev, og mglleparken bestar af 91 mgller pa B\v& MW, som er placeret i 13
gstvestgdende rrieker med hver 7 mgller.

Sorteender spiser naesten udelukkendeefdtmndemuslinger og i den danske del af
Nords@en er de kereitor at fouragere pa bade Hveelvet trugmusiBpgsula subtrura-

ta og AmerikanskknivmuslingEnsis amerianus Praeferencen for knivmuslinger synes
at veere af nyere dato, og den har vaeret forestimten mulig arsag tildbredelss-
menstretaf sorteader pad Horns Rev, som blev fundet i forbindelse med det-PSO
relaterede moniteringsprognaDette udbredelsesmgnster af knivmuslinggm virke
forekomsten af sorteender ved Horns Rev 2 mgllepaikarbegge byttearter foreko

mer almindeligt i regionen vil kendskab til den tilgeengelige fademaengde af bgde tru
muslinger og knivmuslinger i mgjparken og pa Horns Rev generelt veere kritisk for
anvendelse af etBCI designi moniteringsprogrammeManglen pa detaljeret viden
om udbredelsen af bytte kéaretil tvivisomme fortolkninger af overvagningsresultater,
og kan tilmed fare til forkerte kohksioner omkring mulige pawninger.

Modelarbejdetintegrerededynamiske modeldatapa den potentielle bzerevne for de to
byttedyr i omrddesammen meftkltdata pa muslinger, overfladesediment og havbund
relief. Modellerne for baerevnen blev udviklet vedidpaf output fra en lokal komben
ret hydrodynansk oggeobiokemiskmodel Fydologisk-baserede vaekstmodellelev
etablerefor standardindividr med en beskrivelse af adtiek til fornyelse af faden

Resultaterne af undersggelserne stgtter ikke destelende viden om fgdevalg ogtby
tedyrsdynamik hos Sortand ved Horns Rev, idet savel supplerende fadeundersggelse
fra sorteendernes vigtigste fourageringsomrade, det koblede indsamlingsprogram for
muslinger og modelresultaterne alle entydigt pegede p&dorsten af to relativt vedd
finerede byttedyrssamfund af knivmuslinger og trugmuslinger, som begge udnyttes af
sortaeenderSamfundet af trugmuslinger er knyttet til omradet med finere sediment og
hgje fadekoncentrationer i form lafindnaerklorofyl i Espeance Bugibg vedgrunden
CancerDe fleste omrader pa revet er uegnedeariaymuslingemp.g.a.sedimentstrigtu-

ren og den hyppige exlimenbomlejring som et resultat af perioder med kraftig stregm.
Samfundet med knivmuslinger er pa den anden side knyttkdttildt grovere sechent

over revet og nordvest faevet, inkusiv mglleomradet, og erdpgrund afderes dybe
forankring i sedimentet i stand til at overleve den hyppigéejringaf sedimentet i g+
seomrader Selvomknivmuslingessamfundet ogsa findeslen gstlige del af omradet-s

nes det finere sediment at udggre et uegnet substrat for knivmuslingemmdgrhin-

drer arten i at udnytte de hgjere fadekoncentrationer teettere pa den danskedgse

end et gkosystem domineret & bytteart for sortaater tyder disse resultateiledes
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pa at begge der er vigtige for sorteend@d Horns Reyog at den sterste del af fuglene
nu som tidigere fouragerer pa trugmuslinger.

ZEndringen i den historiske udbredelse af sorteender observeret efter 1999 wiste en
grupperingaf omkring 1625 % af fuglene langs revet offshoreomraderngpa dybder
mindreend 15 m pa og nordvest for revet. Disse omrader kan nu identificeregysem e
habitat for knivmuslinger og sogenereltuegnet habitat for trugmuslinger. Detds-

for sandsynligt, at sortbPnder isbr fspis
tersom fuglene indsamlet i 2006 og 2008 alle var i fin kondition er den meistysége
funktion af det dobbelte byttedyrssystem, at knivmuslingerne udger eresgyber
fodekilde for sorteenderne, som generelt finder en rigelig fadekilde i form af tsagmu
linger i det kystneeremrade Dette stgttes af det faktum, at sorteenderne isger anvender
knivmuslingehabitatemffshore sidst pa vinterennar fadetilgeengelighedeantageligt
mindskes deresprimeere fourageringsomradem fdge af deres egen praedation.

Udbredelsesmodellen for knivmuslinger for perio@®90 tl 2002viser tydeligt, at b-
vedparten af Horns Rev 2 mglleparken er velegnet habitat for arten, og atfdenti
anses for sandsynligat koncentrationer af sorteender vil forekomme regelmaessigt i
vindmglleomradet, som dokumenteirgeriodenfra 2005 til i dag.Pa basis af modalr
sultaterne er det tvivisomt om sortsenderne anvender den eksisterende HRdlleindm
park i seerlig hgj grad, eftersom omradet synes at veere mindre segnétabitat for
knivmuslinger.Fremtidige karsler af habitatmodellerne vil vise hvorvidt udbredelse
mgnstrene for trugmuslinger og knivmuslinger veerestabile overhele perioden fo
overvagningsprogrammet for Horns Rev 1, og hvorvidt konsekvensvurderingenfor de
ne mgllepark i relation til hatattab hos sorteender bgr revurderes

Data péa overfladesediment og benthos mangler generelt for omraderfar ¥estg og

fra hele omradetordgst for Horns Rev,omrader som er vaesentlige at beskrivea-rel
tion til potentiel fademaengde for sorteender. Et andet vigtigt problem er, at de &lgaeng
lige data pa knivmuslinger og trugmuslinger kun tillader estimering af habitatkvalitet ud
fraom aten er tilstede eller ikke tilstedEvantitative data behgves for at estimere-hab
tatkvalitet udfra data pa biomasse, idet disse formodentlig vil resultere i netatedet
information om gradienter og fordelingsmgnstre af de to arter pa Horns Rev.
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3.1

3.2

3.21

INTRODUCTION

Background

DONG Energy has commissioned a consortium of OrbawtDHI in association with
Marine Observer$o establish a model of the distribution of potentially available food
supply to norbreedingCommonScoter Melanitta nigraon HornsRev in terms otut
trough shellsSpisula subtruncatand American razor clamBnsis americanusThe

food supply model should be used as a basis for modelling the dynamic habdtadrsele

of CommonScoter in the area, and thus gain important insight latios to the pote-

tial impacts envisaged on scoters froime planned Horns Rev 2 offshore wind farm.
The establishment of the Horns Rev 2 offshore wind farm (HR2 OWF) was granted by
the Department of Energy on the™®Blarch 2007 on the basis of DONG Egey 6ps  a
plication of 13" October 2006.

This report contains the results of ttlevelopment of the food supply model and the
habitat model for Commocoter on Horns Rev. The implementation of the habitat
model is covered by a report dealing with the thstion and abundance of Common
Scoterduring the baseline monitoring of waterbirds related to the HR2 OWF (Skov et
al. 2008).

The Horns Rev Il Project

Location

The location of the HR2 OWF is planned for the outer part of Horns Rev, a sand bank
which stréches from the coast of Denmark (Blavaiktisk) and 40 km westwardEjg-
ure 31.

The distance from the HR2 OWF to Blavands Huk is 30 km. The minimum distance b
tween the existing OWF on Horns Rev and the planned HR2 OWF is 14 km. The water
depth at the sit of the HR2 OWF varies between 6 and 18 m. The HR2 OWF has been
designed as an arc north of the shalgraundVovVov on the western Horn Rev.

The HR20OWF consists of a total of 91 turbines, each 2.3 MW which are placed with 13
eastwest oriented rows of7 turbines. Due to the design of the OWF the distamce b
tween the rows will vary from 700 m in the eastern part to 900 m in the western part,
Figure3-2. The distance betweendividual turbines is 550 m.

Figure3-1 andFigure3-2 also show the proposed placement of three 15 MW test mills.
The transformer station will be located 1 km east of the wind farrf@01& northeast of
the ransformer station an accomdation platform will be installed with a gangway
connecting the two pteorms.
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The turbines will be connected bastwestrunning 34 kV cables, which will be ko
lated into a single cable in the eastern part of the OWF, whernis connected to the

trarsformer stationfFigure3-2.

PI‘P\.CI IIIS' al 1 ¥vIIno I‘Pcv =

0 2500 5.000 Meter

Figure 3-1. The location of the HR2 OWF atiive to Blavands Huk and the Horns Rev 1 OWF.

Mgllenumre og internt opsamlingsnet

169

Figure 3-2. Turbine numbers and plannedttdes for
the HR2 OWF.

3.2.2 Free zone

A free zone of 4 km towards the south
and west and 2 km towards the north
and east has been granted to DONG
Energy for this OWF.
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3.3

Monitoring requirementsfor Common $oter and the need for modelling
available foodsupply

This modelling study is intended tosast the monitoring of @nmonScoters. Common
Scoters feed almost exclusively on fikireding bivalves, and in the Danish part of the
North Sea they are known to feed on b@bpisula subtrurata and Ensis americans
(Durinck et al. 1993Freudendahl & Jensen 2008 he preference for Americaiazor
clamsseems to be of recent origin, athis preferencéas been suggested as a possible
reason or the dispersal of scotens the Horns Revareaexperienced during the PSO
related moritoring programmeThis dispersapattern of razor clamsossibly may affect
the presence of scoters near the Horns Reite2 As both primary prey species to
Common Scoter in the North Sea occur commonly in the regkmowledge of the
available supply oboth razorclamsandtrough sheB in the siteand on Horns Rev in
generalis critical to the application of a BACI design for monitoring the impact of the
wind farm o scotersLack of detailed knowledge about the distribution of prey can
lead to ambiguous interpretations of monitoring results, and even bias conclusions on
possible impacts. The lack of key-eariables is likely to be the single most important
obstacleto the ug of monitoring data on @nmonScoters in relation to offshore wind
farm devéopment.

The infauna of the Horns Rev area has been subject of several field campaigns during
the PSGsupported programme 20@005 (Leonhard 2000, Leonhard & Pederseds?

2006) and during the EIA for the HR2 OWF (Leonhard 2006). As a result the whstrib
tion of razor clans andtrough sheb is relatively well known except for the easternmost
part of the area on the western and eastern slopes of Slugen BegeiranceBugt,

where most of the Commdacoterhistorically hasbeen concentrated. It was therefore
decided to supplement the historic infauna data for Horns Rev by quantitative samples
from these areas.

The knowledge of the selection of
razor clans by CommonSater on
Horns Rev stems from only one-
vestigaton of the stomach content of
26 individuals of Common Saoter
shot atthe western edge of the eixis
ing Horns Revl OWF in March
2006 This invesigationshowed that
all sampled birds had eaten razor
clams Frewendahl & Jensen 2006
To validate these results suppleme
tary sampling of scoters was orga
ised with a focus on the area®-r

Ensis americanus guented by the majority of the birds
during the winter of 20072008.
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