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1 SUMMARY 

DONG Energy has commissioned a consortium of Orbicon and DHI in association with 

Marine Observers to model the distribution of prey to Common Scoter Melanitta nigra 

by means of a habitat model as part of the monitoring program for the 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 19
th
 March 2007 on the 

basis of DONG Energyôs application of 13
th
 October 2006. The location of the HR2 

OWF is planned for the outer part of Horns Rev, and it consists of a total of 91 turbines, 

each 2.3 MW which are placed with 13 east-west oriented rows of 7 turbines. 

Common Scoters feed almost exclusively on filter-feeding bivalves, and in the Danish 

part of the North Sea they are known to feed on both cut trough shells Spisula subtrun-

cata and American razor clams Ensis americanus. The preference for razor clams seems 

to be of recent origin, and this preference has been suggested as a possible reason for 

the dispersal of scoters in the Horns Rev area experienced during the PSO-related moni-

toring programme. This dispersal pattern of razor clams possibly may affect the pres-

ence of scoters near the Horns Rev 2 site.  As both primary prey species to Common 

scoter in the North Sea occur commonly in the region knowledge of the available sup-

ply of both razor clams and trough shells in the site and on Horns Rev in general is 

critical to the application of a BACI design for monitoring the impact of the wind farm 

on scoters. Lack of detailed hydrodynamic and geo-biochemical model to construct 

physiology-based growth models for standard knowledge about the distribution of prey 

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

on possible impacts. 

The modelling work integrated dynamic model data on the potential carrying capacity 

of the two potential prey species in the area and field data on benthos and surface sedi-

ments and the relief of the sea floor. The carrying capacity models were developed us-

ing the output from a local combined hydrodynamic and geo-biochemical model to con-

struct physiology-based growth models for standard individuals with an advection term 

that replenish the food ingested by filter-feeders.  

Existing knowledge of food selection and prey dynamics by Common Scoter in the 

Horns Rev area could not be corroborated. Both additional dietary investigations in the 

main feeding area of the scoters, the linked benthos sampling programme and the model 

results unambiguously point at two rather well-defined prey communities of razor clams 

and trough shells, which are both utilised by the scoters. The community of through 

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 and at the ground Can-

cer. Most of the areas over the reef are unsuitable to the trough shells, due to the sedi-

ment structure and the frequent turn-over of sediments as a result of periodic strong cur-

rents over the reef. The community of Razor clams, on the other hand, prefer the 

medium-sized sediments over the reef and to the northwest of the reef, including the 

planned wind farm site, and are due to their deep penetration into the sediment able to 

survive the frequent sediment re-bedding in these areas. Although this community is 

also found in the eastern part of the area the fine sediments seem to be unsuitable 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 species are important at Horns 

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

area.  

The change in the historic distribution of Common Scoter recorded after 1999 showed a 

relocation of a proportion of 10-25 % of the birds along the reef into the offshore areas 

shallower than 15 m on the reef as well as on the plains northwest of the reef. These ar-

eas can now be identified as suitable habitat for razor clams and as mainly unsuitable 

for trough shells. Thus, it is highly likely that Common Scoters mainly feed on razor 

clams in the ónewô area of their distribution. As the birds collected in the area in 2006 

and in 2008 all were in excellent condition the most probable function of this dual prey 

system is that razor clams provide a supplementary 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 of 

the season, when food availability in their primary feeding area may become scarce as a 

result of their own predation.  

The distribution model for razor clam for the period 2000 to 2008 clearly shows that 

most of the footprint area of the HR2 OWF is prime habitat for this species, and hence 

that concentrations of Common Scoters may occur regularly in the wind farm site, as 

found during the surveys from 2005 to present. Based on the model results it is ques-

tionable whether scoters will use the existing HR1 wind farm site frequently, as 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 Fanø and 

the whole area northeast of Horns Rev, - areas which are important to describe in terms 

of potential food supply to Common Scoter. Equally important, the available data on the 

Spisula and Ensis do only allow for a break-down of habitat suitability based on pres-

ence/absence. Quantitative data are needed to base suitability estimations on biomass 

levels rather than presence/absence pat-

terns, as such estimations most likely 

will result in better spatial information 

on gradients and patchiness in the dis-

tribution of the two species on Horns 

Rev. 
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2 DANSK RESUME 

Et konsortium bestående af Orbicon og DHI i samarbejde med Marine Observers har på 

vegne af DONG Energy gennemført modellering af udbredelsen af føden for sortænder 

Melanitta nigra som en del af overvågningsprogrammet for den planlagte Horns Rev 2 

havvindmøllepark. Tilladelsen til at bygge Horns Rev 2 havvindmølleparken blev givet 

af Energistyrelsen den 19. marts 2007 p¬ basis af DONG Energyôs ansßgning af 13. ok-

tober 2006. Placeringen af vindmølleparken er planlagt til at være på den ydre del af 

Horns Rev, og mølleparken består af 91 møller på hver 2.3 MW, som er placeret i 13 

øst-vestgående rrækker med hver 7 møller. 

Sortænder spiser næsten udelukkende filtrerende muslinger, og i den danske del af 

Nordsøen er de kendte for at fouragere på både Hvælvet trugmusling Spisula subtrunca-

ta og Amerikansk knivmusling Ensis americanus. Præferencen for knivmuslinger synes 

at være af nyere dato, og den har været foreslået som en mulig årsag til udbredelses-

mønstret af sortænder på Horns Rev, som blev fundet i forbindelse med det PSO-

relaterede moniteringsprogram. Dette udbredelsesmønster af knivmuslinger kan påvirke 

forekomsten af sortænder ved Horns Rev 2 mølleparken. Da begge byttearter forekom-

mer almindeligt i regionen vil kendskab til den tilgængelige fødemængde af både trug-

muslinger og knivmuslinger i mølleparken og på Horns Rev generelt være kritisk for 

anvendelse af et BACI design i moniteringsprogrammet. Manglen på detaljeret viden 

om udbredelsen af bytte kan føre til tvivlsomme fortolkninger af overvågningsresultater, 

og kan tilmed føre til forkerte konklusioner omkring mulige påvirkninger.  

Modelarbejdet integrerede dynamiske modeldata på den potentielle bærevne for de to 

byttedyr i området sammen med feltdata på muslinger, overfladesediment og havbunds-

relief. Modellerne for bærevnen blev udviklet ved brug af output fra en lokal kombine-

ret hydrodynamisk og geo-biokemisk model. Fysiologisk-baserede vækstmodeller blev 

etableret for standardindivider med en beskrivelse af advektion til fornyelse af føden.  

Resultaterne af undersøgelserne støtter ikke den eksisterende viden om fødevalg og byt-

tedyrsdynamik hos Sortand ved Horns Rev, idet såvel supplerende fødeundersøgelser 

fra sortændernes vigtigste fourageringsområde, det koblede indsamlingsprogram for 

muslinger og modelresultaterne alle entydigt pegede på forekomsten af to relativt velde-

finerede byttedyrssamfund af knivmuslinger og trugmuslinger, som begge udnyttes af 

sortænder. Samfundet af trugmuslinger er knyttet til området med finere sediment og 

høje fødekoncentrationer i form af bundnært klorofyl i Esperance Bugt og ved grunden 

Cancer. De fleste områder på revet er uegnede for trugmuslinger p.g.a. sedimentstruktu-

ren og den hyppige sedimentomlejring som et resultat af perioder med kraftig strøm. 

Samfundet med knivmuslinger er på den anden side knyttet til det lidt grovere sediment 

over revet og nordvest for revet, inklusiv mølleområdet, og er på grund af deres dybe 

forankring i sedimentet i stand til at overleve den hyppige omlejring af sedimentet i dis-

se områder. Selvom knivmuslingesamfundet også findes i den østlige del af området sy-

nes det finere sediment at udgøre et uegnet substrat for knivmuslinger, og som forhin-

drer arten i at udnytte de højere fødekoncentrationer tættere på den danske kyst. Snarere 

end et økosystem domineret af én bytteart for sortænder tyder disse resultater således 
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på, at begge arter er vigtige for sortænder på Horns Rev, og at den største del af fuglene 

nu som tidligere fouragerer på trugmuslinger.   

Ændringen i den historiske udbredelse af sortænder observeret efter 1999 viste en om-

gruppering af omkring 10-25 % af fuglene langs revet til offshore-områderne på dybder 

mindre end 15 m på og nordvest for revet. Disse områder kan nu identificeres som egnet 

habitat for knivmuslinger og som generelt uegnet habitat for trugmuslinger. Det er der-

for sandsynligt, at sortÞnder isÞr spiser knivmuslinger i de ónyeô omr¬der offshore. Ef-

tersom fuglene indsamlet i 2006 og 2008 alle var i fin kondition er den mest sandsynlige 

funktion af det dobbelte byttedyrssystem, at knivmuslingerne udgør en supplementær 

fødekilde for sortænderne, som generelt finder en rigelig fødekilde i form af trugmus-

linger i det kystnære område. Dette støttes af det faktum, at sortænderne især anvender 

knivmuslingehabitaten offshore sidst på vinteren, når fødetilgængeligheden antageligt 

mindskes i deres primære fourageringsområde som følge af deres egen prædation.  

Udbredelsesmodellen for knivmuslinger for perioden 2000 til  2002 viser tydeligt, at ho-

vedparten af Horns Rev 2 mølleparken er velegnet habitat for arten, og at det derfor må 

anses for sandsynligt, at koncentrationer af sortænder vil forekomme regelmæssigt i 

vindmølleområdet, som dokumenteret i perioden fra 2005 til i dag. På basis af modelre-

sultaterne er det tvivlsomt om sortænderne anvender den eksisterende HR1 vindmølle-

park i særlig høj grad, eftersom området synes at være mindre egnet som habitat for 

knivmuslinger. Fremtidige kørsler af habitatmodellerne vil vise hvorvidt udbredelses-

mønstrene for trugmuslinger og knivmuslinger har været stabile over hele perioden for 

overvågningsprogrammet for Horns Rev 1, og hvorvidt konsekvensvurderinger for den-

ne møllepark i relation til habitattab hos sortænder bør revurderes.   

Data på overfladesediment og benthos mangler generelt for områderne vest for Fanø og 

fra hele området nordøst for Horns Rev, - områder som er væsentlige at beskrive i rela-

tion til potentiel fødemængde for sortænder. Et andet vigtigt problem er, at de tilgænge-

lige data på knivmuslinger og trugmuslinger kun tillader estimering af habitatkvalitet ud 

fra om arten er tilstede eller ikke tilstede. Kvantitative data behøves for at estimere habi-

tatkvalitet ud fra data på biomasse, idet disse formodentlig vil resultere i mere detaljeret 

information om gradienter og fordelingsmønstre af de to arter på Horns Rev.  
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3 INTRODUCTION 

3.1 Background 

DONG Energy has commissioned a consortium of Orbicon and DHI in association with 

Marine Observers to establish a model of the distribution of potentially available food 

supply to non-breeding Common Scoter Melanitta nigra on Horns Rev in terms of cut 

trough shells Spisula subtruncata and American razor clams Ensis americanus. The 

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

of Common Scoter in the area, and thus gain important insight in relation to the poten-

tial impacts envisaged on scoters from the 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 19
th
 March 2007 on the basis of DONG Energyôs ap-

plication of 13
th
 October 2006.  

This report contains the results of the development of the food supply model and the 

habitat model for Common Scoter on Horns Rev. The implementation of the habitat 

model is covered by a report dealing with the distribution and abundance of Common 

Scoter during the baseline monitoring of waterbirds related to the HR2 OWF (Skov et 

al. 2008).  

3.2 The Horns Rev II Project 

3.2.1 Location 

The location of the HR2 OWF is planned for the outer part of Horns Rev, a sand bank 

which stretches from the coast of Denmark (Blåvands Huk) and 40 km westwards, Fig-

ure 3-1.  

The distance from the HR2 OWF to Blåvands Huk is 30 km. The minimum distance be-

tween the existing OWF on Horns Rev and the planned HR2 OWF is 14 km. The water 

depth at the site of the HR2 OWF varies between 6 and 18 m. The HR2 OWF has been 

designed as an arc north of the shallow ground VovVov on the western Horn Rev. 

The HR2 OWF consists of a total of 91 turbines, each 2.3 MW which are placed with 13 

east-west oriented rows of 7 turbines. Due to the design of the OWF the distance be-

tween the rows will vary from 700 m in the eastern part to 900 m in the western part, 

Figure 3-2. The distance between individual turbines is 550 m.  

Figure 3-1 and Figure 3-2 also show the proposed placement of three 15 MW test mills. 

The transformer station will be located 1 km east of the wind farm. 16-20 m northeast of 

the transformer station an accommodation platform will be installed with a gangway 

connecting the two platforms. 
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The turbines will be connected by east-west running 34 kV cables, which will be col-

lated into a single cable in the eastern part of the OWF, which then is connected to the 

transformer station, Figure 3-2.  

 

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

 

 

Figure 3-2. Turbine numbers and planned cables 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 requirements for Common Scoter and the need for modelling 

available food supply 

This modelling study is intended to assist the monitoring of Common Scoters. Common 

Scoters feed almost exclusively on filter-feeding bivalves, and in the Danish part of the 

North Sea they are known to feed on both Spisula subtruncata and Ensis americanus 

(Durinck et al. 1993, Freudendahl & Jensen 2006). The preference for American razor 

clams seems to be of recent origin, and this preference has been suggested as a possible 

reason for the dispersal of scoters in the Horns Rev area experienced during the PSO-

related monitoring programme. This dispersal pattern of razor clams possibly may affect 

the presence of scoters near the Horns Rev 2 site. As both primary prey species to 

Common Scoter in the North Sea occur commonly in the region knowledge of the 

available supply of both razor clams and trough shells in the site and on Horns Rev in 

general is critical to the application of a BACI design for monitoring the impact of the 

wind farm on scoters. Lack 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 co-variables is likely to be the single most important 

obstacle to the use of monitoring data on Common Scoters in relation to offshore wind 

farm development. 

The infauna of the Horns Rev area has been subject of several field campaigns during 

the PSO-supported programme 2000-2005 (Leonhard 2000, Leonhard & Pedersen 2005, 

2006) and during the EIA for the HR2 OWF (Leonhard 2006). As a result the distribu-

tion of razor clams and trough shells is relatively well known except for the easternmost 

part of the area on the western and eastern slopes of Slugen and in Esperance Bugt, 

where most of the Common Scoter historically has been 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 clams by Common Scoter on 

Horns Rev stems from only one in-

vestigation of the stomach content of 

26 individuals of Common Scoter 

shot at the western edge of the exist-

ing Horns Rev 1 OWF in March 

2006. This investigation showed that 

all sampled birds had eaten razor 

clams (Freudendahl & Jensen 2006). 

To validate these results supplemen-

tary sampling of scoters was organ-

ised with a focus on the areas fre-

quented by the majority of the birds 

during the winter of 2007-2008. 

Ensis americanus 


